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Each £3 unit of Home Unit Insurance gives you protection up to the limit shown 
This is the simplified insurance you have been waiting for. 
Not just cover on the contents of your home but a 
package of personal protection you and your family need. 
And it's how we save you so much money: just ONE 
policy to issue instead of nine! 
You can build up to the cover you need by additional units 

(or 4- 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 

Itpays to be protected bya 

Please send me further particulars of 
the Home Unit Insurance. 

Name 

Address 

2019468 
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r COMPONEN1S 
HOBBYIST- PROFESSIONAL - DOMESTIC - SURPLUS - INDUSTRIAL 
JUST AFEW OF OUR BARGAINS ARE LISTED BELOW -SEND STAMPED 
ADDRESSED ENVELOPE FOR A QUOTE ON OTHER REQUIREMENTS. 
PAY US A VISIT. OVER 90% OF STOCK BELOW QUANTITY 
WHOLESALE PRICE. RETURN POSTAL SERVICE UNLESS CHEQUE. 

Goods sent at customers risk, unless sufficient payment for 
insurance included (2p per £1 Min 7p) British Isles only. 

VALVE BASES 
Printed circuit B9A - B7G 
Chassis B7 - B9G - B7G 
Shrouded chassis B7G - B9A 
B8A - BOA chassis - B12A tube 

2p 
4p 
6p 
6p 

Speaker, 6" x 4", 5 ohm, ideal for car radio etc. £1 

TAG STRIP -6 way 3p I VHF Radio Tuner Head 
9 way 5p Single 1p Takes ECC 85 80p 

T03 or T066 
Mica Washer 2p 
18 volt 4 amp charger, 

bridge rectifier 50p 
GC10/4B £3.00 

Telescopic aerial 
Closed 92", open 382" 
Fitted right angle TV 

plug, 50p 

12 glass fuses- 250 m/a or 3 amp (box of 12) 
3" tape spools 8p 1 Terryclips chrome finish 
Brand new Boxed 6K7G 25p 1.5m, log edge pot 
PVC or metal clip on M.E.S. bulb holder 
Geared Knob, Inner to Outer Ratio 8:1 
Bulgin, 5mm Jack plug and switched socket (pair) 
12 volt solenoid and plunger .. 
250 RPM 50 c/s locked frequency miniature mains motor 
200 OHM coil, 22" long, hollow centre 
Belling Lee white plastic surface coax outlet Box 
R.S. 12 way standard plug and shell . . 

18p 
4p 
8p 
5p 

60p 
30p 
30p 
50p 
10p 
30p 
20p 

SWITCHES 
Pole Way Type 

4 2 Sub. Min. Slide 
6 2 Slide 
4 2 Lever Slide 
2 2 Slide 
1 3 + off Sub. min. edge 
1 3 13 amp small rotary 
2 2 Locking with 2 to 3 

18p 
20p 
15p 
12p 
10p 
12p 

keys 
£1.50 

2 1 2 Amp 250V A.C. rotary 24p 
Wafer Rotary, all types 30p 
S.P.S.T. 10 amp 240v. white rocker switch with 
neon. 1" square flush panel fitting 30p 

AUDIO LEADS 
5 pin din plug 180° both ends 4- Mtr., 80p 
3 pin din to open end, 1 iyd twin screened 35p 
Phono to Phono plug, 6ft. 35p 

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

31b for 85p + 75p post and packing 
71b for £1.75 + £1 post and packing 

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

Clear Plastic Boxes 
For component storage or 
projects, sliding lid. 1 â" x 
2"x1 10p 

KNOBS 
SILVER METAL PUSH ON WITH POINTER, OR 
WHITE PLASTIC, GRUB SCREW WITH POINTER AND 
GOLD CENTRE 8p EACH. 
1" DIAM. WITH 1z" SKIRT SPUN ALUMINIUM 
GRUB SCREW FIXING, 1" 30p EACH. 

ZM1162A INDICATOR TUBE 
0-9 Inline End View. Rectangular Envelope 170V 
2.5M/A £1.50 

RESETTABLE COUNTER 
English Numbering Machines LTD. 

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

Ferric Chloride. Anhydrous mil. spec. 1lb. bag 50p' 

RESISTORS 
S-4 watt 1 p 
1 watt 2p 
Up to 5 watt wire 10p 
10 watt wire 
wound .. 12p 
15 watt .. .. 14p 

Philips transformer, 
safety fused. In 200- 
220-240v. Out 240v 
60ma +6.3v 1 a approx 
2" x 22" x 2f" £1.50 

POTS 
Log or Lin carbon 13p 
Switched 25p 
Dual Pots 38p 
Dual Er switch 50p 
Lin wirewound 25p 
Slider Pot 25p 
Dual Slider 35p 

THERMISTORS 
VA1008, VA1034,1 
VA1039, VA1040, I 

VA1055, VA1066, 
VA1082, VA1100 
V.A1077, 

15p VA1005, VA1026 

RELAYS 
12 volt S.P.C.O octal 
mercury wetted high 
speed 75p 
P.O. 30)0 type, 1,000 
OHM coil, 4 pole c/o 

60p 
Mains or 12V d.p.c.o. 
heavy duty octal 60p 

Boxed GEC KT88 
valve .. £2 

JAP 4 gang min. sealed tuning condensers New 25p 
Ex-eqpt. 2 or 4 gang 15p 

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

450- 
500V 

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

100 5p 6p 10p 12p 19p 20p - - 
250 9p 10p 11p 17p 28p - 85p £1 
500 10p 11p 17p 24p 45p 

1000 13p 17p 40p 75p - £1.50 - - 

THE RADIO SHACK 
161 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11 
Open 10 a.m. till 7 p.m. Monday to Saturday - Also Sunday afternoons 

Terms: Payment with order Teleohnne: 01-223 5016 

2000 23p 37p 45p 
As total values are too numerous to list, use this 
price guide to work out your actual requirements 
8/20, 10/20, 12/20 Tubular tantalum 15p each 
16-32/275, 32-32/275, 100-100/150, 100- 
100/275 50-50/300 .. .. 20p each 
50/50-385 30p 
12,000/12, 32-32-50/300, 700/200 100-100- 
100-150-150/320 .. .. 50p each 
20-20-20/350 , . .. 40p each 

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

INDICATORS 
Bulgin D676 red, takes M.E.S. bulb 
12 volt`Mains neon, red, pushfit 
R.F. Scale Print, pressure transfer sheet 

20p 
20p 
10p 

CAPACITOR GUIDE - maximum 500V 
Up to .01 ceramic 2p. Up to .01 poly 3p. 
Up to 1000PF silver mica 5p. 1,200PF up to .01 
silver mica 10p. .013 up to .25 poly etc. 4p. 
.27 up to .68 poly etc. 6p 
Over 500 volt order from above guide and few 
others listed below. 
6p..1 /600:10p..01 /1000, 1/350, 8/20, .1/900, 
.22/900, 4/16. .25/250 AC (600vDC) .1/1500 
40p. 5/150, 9/275AC, 10/150, 15/150, 40/150. 

TRIMMERS, 20p each 
100PF Ceramic, 30PF Beehive, 12PF PTFE 
2500PF 750 volt, 33PF MIN. AIR SPACED 
50PF CERAMIC. 

CONNECTOR STRIP 
Belling Lee L1469, 4 way polythene. 3p each 
Strong grey plastic box same design as die cast 
ali 42 2e 1'*-- .. .. .. 40p 
1" or 1-i" or1-" CAN CLIPS 2p 

MAINS DROPPERS 
36+79 ohm 
66+66+158 ohm, 66+66+137 ohm 
17+14+6 ohm, 266+14+193 ohm 
50+40+1k5 ohm 
285-(-575+148+35 ohm 
25+35+97+59+30 ohm 

51" x 22" Speaker, ex -equipment 3 
2 Amp Suppression Choke 
3x24x,!," l PAXOLINE 
41x2xs", I 
220K Er 100 ohm 3 watt resistors . 

VALVE RETAINER CLIP, adjustable 

15p 

20p 

30p 

ohm 30p 
5p 
2p 

2 for 1p 
4p 
2p 

OUTPUT TRANSFORMERS 
Sub -miniature Transistor Type 
Valve type, centre tapped or straight 

25p 
40p 

12 volt 250M/A or 6 volt +A 
Transformers £1 
Whiteley Stentorian 3 ohm constant impe- 
dance volume control way belowtradé at80p 
Drive Cord 1 p per yd. 
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Amp Volt 
1,600 

1 140 
1.4 42 

BYX10 
OSH01-200 
BY164 

30p 
20p 
28p 

RECTIFIERS 
Amp Volt 

1N4004 1 400 3p 
IN4005 1 6001 
1N4006 1 800 } 4p 
1N4007 1 1,000JJ 
BY103 1 1,500 15p 
SR100 1.5 100 7p 
SR400 1.5 400 8p 
REC53A 1.5 1,250 14p 
LT102 2 30 10p 
BYX38-600 2.5 600 40p 
BYX38-300R 2.5 300 36p 
BYX38-900 2.5 900 45p 
BYX38-1200 2.5 1,200 50p 
BYX49-600 2.5 600 34p 
BYX49-300 2.5 300 26p 
BYX49-900 2.5 900 40p 
BYX49-1200 2.5 1,200 52p 
BYX48-300 6 300 40p 
BYX48-600 6 600 50p 
BYX48-900 6 900 60p 
BYX48-1200 6 1,200 80p 
BYX72-150R 10 150 35p 
BYX72-300R 10 300 45p 
BYX72-500R 10 500 55p 
BYX42-300 10 300 30p 
BYX42-600 10 600 65p 
BYX42-900 10 900 80p 
BYX42-1200 10 1,200 95p 
BYX46-300' 15 300 £1.00 
BYX46-400' 15 400 £1.50 
BYX46-500' 15 500 £1.75 
BYX46-600' 15 600 £2.00 
BYX20-200 25 200 60p 
BYX52-300 40 300 £1.75 
BYX52-1200 40 1,200 £2.50 
*Avalanche type 

Amp Volt TRIACS 

25 900 BTX94-900 £4.00 
25 1200 BTX94-1200 £6.00 
12-0-12 50M/A Min. Txfmr. 90p 
RS 2mm Terminals 
Blue & Black 5 for 40p 
Chrome Car Radio facia .. 15p 
Rubber Car Radio gasket .. 5p 

DLI Pal Delayline . . 50p 

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

AC107 .. 12p BC179B 11p 
AC128.. . 5p BC184C .. 9p 
AC176 .. 9p BC186/7 .. 13p 
ACY28 .. .. 18p BC213L/214B .. 9p 
AD149 .. 40p BC261B .. 10p 
AD161 /2 matched pr. 69p BC327 12p 
AF116 .. 12p BC328 10p 
AF124/6/7 20p BC337/8 11p 
AF139/178/180/18130p BC547/558A 7p 
AF239 .. .. 20p BC548/557 9p 
ASY27/73 .. 25p BCX32/36 12p 
BC107A or B .. 9p B CY40 .. 60p 
BC107/8/9 .. 6p BCY70/1/2 9p 
BC108A/B/109B/C 10p BD112/3/5/6 . 40p 
BC147/8/9 .. 6p B D 131/2/3/5/7/9 30p 
BC147A/B .. 8p B D201/2/3/4 .. £1.00 
BC148A/B, 9B/C/S 8p BD232/4/5 . . 46p 
BC157/8/9 .. 6p BDX77 .. £1.40 
BC158A/B 11p BF115 .. .. 10p 
BC159B/C,157A 11p BF167/173 . 10p 
BC178A/B .. 12p BF178/9 .. 20p 

BRIDGE RECTIFIERS 
Amp Volt 
2 30 
0.6 110 
5 400 

BF180/1/2/3 .. 15p 
BF184/5 .. 15p 
B F 194/5/6/7 . 4p 
BF194A/195C/2f10 10p 
BF258/262/263 20p 
BF336 .. 25p 
BFS28 Dual Mosfet 92p 
BFW10/11 F.E.T. 26p 
BFW30 .. £1.35 
BFW57/58 . . 20p 
BFX12 .. 20p 
BFX29/30/84/88 16p 
BFX89.. .. 35p" 
BFY90 .. .. 50p 

BRY39 
Pr°gammable30p 
Unj Junction 31 p 

BRY56 34p 
BSV64 .. 40p 
BSV79/80 F.E.T.s £1 
BSV81 Mosfet .. 90p 

LT120 type 
EC433 
Texas 

30p 
15p 
75p 

Relay socket .. 10p 
Take miniature 2PC.0 relay 

B7G or B9A valve can .. 2p 
0-30, or 0-15, black pvc, 360° 
dial, silver digits, self adhesive, 
4r" dia. . . 10p 

OPTO ELECTRONICS 
BPX40 65p Photo transistor 
BPX42 £1.00 BPX29 £1.00 
BPY10 £1.00 0 CP71 30p 

(VOLTIAC) 
BP68 
BPY69 I- £1.00 
BPY77 

Diodes 

BIG L.E.D. 0.2" 
2v 50m/A max. 
RED 13p 
ORANGE 
GREEN 15p 
YELLOW 

PHOTO SILICON CONTROLLED 
SWITCH BPX66 PNPN 10 amp £1.00 

8SX20/21 - . 13p OT . D D 
BSY40 .. .. 28p 1N916 .. .. 6p 
BU105-01 93p 1N4148.. .. 1.5p 
CV7042 (0C41 0C44,' BA145/148 .. 11p 
ASY63) 7p Centercel .. 10p 
GET111 40p BZY61 .. .. 10p 
0C35 .. 321p BB103/110 Varicap 18p 
O N 222 30p B B 113 Triple Varicap 80p 
TIP30 43p BA182 . .. 18p, 
TIP3055 50p 0A5/7/10 10p 
TIS88A FET 23p BZY88 Up to 33 volt 6p 
ZTX30^ .. 5p BZX61 11 volt .. 16p 
ZTX341 .. 15p BR100 Diac. . . 19p 
2N393/M A393.. 30p 
2N706 .. .. 6p INTEGRATED CIRCUITS 
2N929 .. .. 14p TAA700 £2.96 
2N987 .. .. 35p 741 8 pin dj.I.op. Ampl8p 
2N1507/2219 .. 14p TAD100 AMRF £1.00 
2N2401/2412/2483 25p CA3001 R. F. Amp 50p 
2N2904/5/6/7 .. 10p TAA300 1 wt Amp £1.25 
2N2907A .. 13p NE555v Timer 40p 
2N3053 .. 13p TAA550 Y or G 31p 
2N3054/3055(or equiv) 35p TAA263 Amp 65p 
2N3133 .. 18p 7400/2/10/20/30 11p 
2N3704 .. 9p 7404 12p 
2N4037 35p 7414 .. 45p 
2N5036 60p 7438/74/86 .. - 26p 
2SA141/2/360 .. 31p 7483 80p 
2SB135/6/457. 20p LM300, 2-20 volt 50p 
40250 60p 74154 .. 67p 

Amp Volt THYRISTORS 

1 240 BTX18-200 23p 
1 400 BTX1C-300 26p 
1 240 BTX30-200 .. 23p 
15 500 BT10i .. £1.00 
6.5 500 BT101-500R 90p 
6.5 500 BT109-500R .. 75p 
20 600 BTW92-600RM £3.00 
15 800 BTX95-800R Pulse Modulated £8.00 
30 1000 28T10 (Less Nut) £3.00 

.3" red 7 segment L.E.D. 14 
D.I.L. 0-9 + D.P. display 1.9v, 
10m/a segment 65p 

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

One fifth of trade 

Wire ended glass neons 5p 

Plastic, Transistor or Diode 
Holder 1p 
Transistor or Diode Pad 1 p 
Holdersorpads5Opper100 

PAPER BLOCK CONDENSER' 
0.25MFD 800 volt 30p 
1MFD 250 volt 15p 
2MFD 250 volt .. 20p 
10MFD 500 volt . 80p 
4MFD 250 volt ., 20p 
15MFD 150 volt .. 50p 
METAL CHASSIS SOCKETS 

Car Aerial .. 
Coax 
5 or 6 pin 240° dits 9p 
Speaker din switched 
3.5mm Switched Socket 

Philips Iron Thermostat 15p 
Bulgin 2 -pin flat plug and socket 10p 
McMurdo PP108 8 way edge plug 10p 

TO3 HEATSINK 
Europlec HP1 TO3B individual 'curly' 
power transistor type. Ready drilled 20p 

Tested unmarked, or marked 
ample lead ex new equipment 

ACY17-20 8p 0071/2 5p 
ASZ20 8p 0C200-5 10p 
ASZ21 15p TIC44 24p 
BC186 11p 2G240 2-50 
BCY30-34 10p 2G302 6p 
BCY70/1/2 Sp 2G401 10p 
BF115 10p 2N711 25p 
BY127 7p 2N2926 7p 
BZY88 series 5p 2N598/9 6p 
HG1005 2p 2N1091 8p 
HG5009 2p 2N1302 8p 

2p 2N1907 2-50 
2p Germ. diode 1p 

10p GET120 (AC128 
2p in 1"sq. heat sink) 
2p 20p 
3p GET872 12p 

20p 2S3230 30p 

HG 5079 
L78/9 
M3 
OA81 
OA47 
OA200-2 
OC23 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

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

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

8 way Cinch standard 
0.15 pitch edge socket 

20p 
U.E.C.L. 10 way pin 
connector 266000 
OA1P10 .. 10p 
U.E.C.L. 20 way pin 
connector 
2A60000A1P20 20p 

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

10p 

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

20p 
3.5mm STEREO PLUG 
Metal screened 35p 
Philips electronic eng- 
ineer kits add on series 
E1004 £1.00 each 

RS Yellow Wander 
Plug Box of 12, 25p 

SOLDER 
Multitore - 21.p foot 

ENAM. COPPER WIRE 
SWG. PER YD. 
20-24 2p 
26-42 1 p 

GARRARD_ 
GCS23T or GP9311 
Crystal Stereo Cart-. 
ridge £1.00 

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

14 D.I.L. socket, gold 
plated contacts, NOT 
cheap type 13p 
Miniature Axial Lead 
Ferrite Choke formers 

2p 

RS 10 Turn Pot 1% 
250, 500 f!; 1, 50, 
100K £1.50 
Copper coated board 
10" x 9" approx. 32p 

TIE CLIPS 
Nylon self locking 7" 
or 32" 2p 

CINCH 150 
12 way edge socket 

10p 

11b Mixed nuts, bolts, 
washers etc. 35p 

MAIL ORDER CUSTOMERS ONLY ADD 
8% VAT 

ALL ENQUIRIES, ETC., MUST BE ACCOMPANIED BY A 
STAMPED ADDRESSED ENVELOPE 
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Have you seen 
this years most important 
component catalogue yet? 

HENRY'S 
CATALOGUE 
IS NOW AVAILABLE 

Don't buy another electronic component until you've consulted the 
Henry's 1975 issue! It's packed with more items than ever before - 
over 5000 in all, making the Henry's range of electronic components 
the largest in the UI< for the home constructor. 
There are literally dozens of new lines and new ranges to get excited 
about! And many components are selling at reduced prices. Get your 
copy soon, and start reading these 200 pages of vital statistics about 
electronic components. If you don't, you'll miss out on a lot of kits, 
projects and test gear, apart from all the other products. 

ONLY 50p 
Complete with FREE to Educational 

FREE 50p Establishments when ordered 
20p p & p Discount Voucher! on official headed notepaper. 

Get your copy NOW - send remittance of 70p (cheque or P.O.). 

HEVRgS 
RADIO 

ELECTRONIC FOOTBALL & TENNIS 
WITH THE FABULOUS 

VIDEO SPORT 
ON YOUR OWN TV 
Play three exciting 
electronic ball games 
FOOTBALL, TENNIS, 
HOLE IN THE WALL o 

your own TV! Just 
plug Video Sport into 
the aerial socket of 
Your TV and away you 
go. Completely safe 
for you, you children 
and your TV.M ins 
operated. 

OUR INCREDIBLE PRICE 
£29.50 inc VAT 

DEMONSTRATIONS NOW IN ALL CENTRES! 

AM/FM & DECODER BOARD 
Containing Mullard 
Modules LP 1185, 
LP1186 and LP1181 
with MC1310 decoder 
IC on compact printed 
circuit board. Ready 
aligned, requires only 
Ferrite Aerial Tuning Gang and AM Oscillator 
Coil, Tuning Pot and Zener 15V supply, output 
300mV, 75 ohms aerial input. Input circuit and 
instructions supplied. 

£16.50 inc. VAT & Postage 

TEXAN 
STEREO AMPLIFIER 

Features glass fibre PC board. Gardners low 
field transformers, 6 -Cis. 10 -transistors plus 
diodes. etc. Designed by Texas instruments 
engineers for Henry's and P.W. 1972. Overall 
size 151 x 2} x 6, in. Mains operated. Free 
teak sleeve with every kit. 

£35.00 inc VAT 
(p&p 5Op) 
(also built and 
tested £45.00 
inc VAT! 

TEXAN STEREO FM TUNER 
Features capacity diode tuning, LED and 
tuning meter indicators, mains operated, 
High performance and sensitivity. Overall 
size in teak sleeve 
)8 x 211 s 61 in. 
Complete kit with 
teak sleeve. 

£26.25 
(p&p 50p) 
(ais° built and 
tested £31.20) 

.\ I -`= 
625 lone recco.c, UHF ti .n ,s rrrs U ,scd t K. 

operatron. Brand *cm. (Post packing 25p each) 

TYPE B 4 -button push button (adjustable) L4.60./ 
TYPE C .anabic tuning £2.90. 

TYPE D 6 -button ÙHFNHF tuner £5.75 

AM/FM MODULES 
Combined AM/FM tuner modules, together with a 

small number of R - C's Ferrite Aerial, make up 
a sensitive FM/MW/LW tuner. 
6 Volts supply. supplied with data and circuit 
sheets. 

LP1179 LP1171 

LP1171 combined IF strip L4.60 
LP1179 FM front end and 
AM gang (4.60. 
£8.62 the pair. 
Suitable Ferrite aerial 87p. 

LONDON. YOUR NEAREST STORE 
EDGWARE ROAD LONDON W2 OUT OF TOWN 
40/ 46 Electronics Centre b Sopermarket 01 -402 8381 NOTTINGHAM 
303 Bargain Centre 9479 Electronics Cenne Nottingham 42668 
309 Electronics Supermarket ALL MAIL ORDERS TO 303 EDGWARE ROAD W2 
TOTTENHAM COURT ROAD Wl n. 
231 Electronics Crrnoe b Supermarket01 5803459 

°chatrect withoute of notice 
Bunten' s° mange without nptrce. E b 0E. 

= 
Barclaycard & J 

Access welcome 
ALL PRICES INCLUDE VAT 

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

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

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

(1) Build an oscilloscope. 

(2) Read, draw and understand 
circuit diagrams. 

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

WAA -mi. Bog tt - urn -retie----mB II MT. 
Brochure, without obligation to: 
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, Dept. REX 26 

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

NAME 
ADDRESS Block caps please , -- zioni mti»rrian! 
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FROM BI -PRE -PM 

StirlïnQ Sound products 
BRAND NEW MODULES FROM A FOREMOST 

BRITISH MODULE DESIGNER AND EXCLUSIVE TO B -P -P 

BUILT FOR QUALITY 
The SS.125 High Fidelity Power Amplifier 

OUTPUT: 
25 watts R.M.S. into 8 S2 using 50V 
22 watts R.M.S. into 4 S2 using 33V 
(load imp. not less than 4 12 

DISTORTION: 
Less than 0.0 5% at all power levels 
(from 10Hz to 10KHz) 

FREQUENCY RESPONSE: 
+ 1dB 15Hz to 30KHz (4 1) 1 

+ 1dB 10Hz to 30KHz (8 1) 
HIGH Z INPUT: 

100 Kohms (40d8 gain/100x) 
INPUT SENSITIVITY: 

150mV for 25W.R.M.S. out 
SIZE: 

(Inc. 40w. built on heat sink) 
4-1 x 3" xi" high 

Not only is this Stirling Sound's best audio 
amplifier yet; it rightfully qualifies as one of the 
best of its kind yet made available to construc- 
tors. Intended above all for high-fidelity, the 
characteristics of the SS.125 are such that it can 
be used in many other applications where depen- 
dability is the prime consideration. The SS.125 
integrates well with other S.S. units as well as 
those of other manufacturers. Incorporates new 
circuitry using a complementary long-tailed pair 
input and full complementary output circuits to 
give lab standards of performance. 

UNSURPASSED VALUE FOR METICULOUS 
CONSTRUCTORS 

More Stirling Sound Modules 
With easy to follow instructions 
F.M. TUNER UNITS 
SS.201 Tuner front end. Ganged, geared 

variable tuning, 88- 108MHz. A.F.C. 
facility £5.00 

SS.202 I.F. amp. A metre and/or A.F.C. can be 
connected (size 3" x 2") £2.65 

55.203 Stereo decoder for use with SS.201 
and 202 or any good F.M. tuner. A LED 
beacon may be attached (3" x 2") £3.85 

AUDIO MODULES 
SS.105 5 watt amplifier to run from 12V. 

(31" x 2" x ") £2.25 
SS.110 Similar to SS.105 but more powerful 

giving 10W. into 4ohms £2.75 
SS.120 20 watt module when used with 34 

volts into 4 £3.00 
55.140 Delivers 40 watts R.M.S. into 4 ohms 

using a 45V/2A supply such as our 
SS.345 the power and quality of this 
unit are superb - two in bridge 
formation will give 80 watts R.M.S. 
into 8ohms. size 4" x 3" x " £3.75e 

55.100 Active tone control, stereo, ± 15dB cut 
and boost with suitable network £1.60 

SS.101 Pre -amp for ceramic p.u., radio and 
tape with passive tone control details £1.60 

SS.102 Stereo pre -amp with R.I.A.A. equalisa- 
tion, mag. p.u., tape and radio in £2.25 

TERMS OF BUSINESS: 
VAT at 25% must be added to total value of order except for items marked. 
or 18`1ól, when VAT is to be added at 8%. No VAT on overseas orders. POST & 
PACKING add 25p for UK orders unless marked otherwise. Minimum mail 
order acceptable - £1. Oversee orders, add £1 for postage. Any difference 
will be credited or charged. PRICES subject to alteration, without notice. 
AVAILABILITY: All items available et time of going to prow when every ef- 
fort is made to ensure correctness of information. 

SS.202 

Order your Stirling Sound products from 

SS.140 

SS.105 

BI-PRE-PAK LTD 
Co Reg No 820919 

222 224 WEST ROAD. WESTCLIFF . ON SEA. ESSEX SSO 9DF. 

TELEPHONE: SOUTHEND (0702) 46344 

' Inc. VAT 

NAME 

... and 5 new 

Stirling Sounds 
Power Supply Units 

Robustly designed 
units in each of 
which is a stabilised 
take-off point to pro- 
vide for tuner, pre - 
amp and control 
stages. 

SS 312 

ADDRESS 

SS.125 
HIGH-FIDELITY 

Power Amp. 

£7.25 

.r Size: 54" x 3" x 

12V/tA £3.75* 2 1/8" high 

SS 318 18V/1A £4.15* SS 334 34V/24f5.20* 
SS 324 24V/lA £4.60* SS 345 45V/4A f6.25* 

Transformers separate from 
boards on SS 334-SS 345 

(all above ara at 8% VAT. P/P add 50p arty modal) 

The new Super Spark Capacitor 
Discharge Ignition Unit for your car 
Even better than the original B -P -P version, thousands of 
which are in use saving motorists appreciable time and money 
for petrol. Very easy to instal. The 'Stirling Sound model in- 
coporates switch for instance chanre to conventional ignition; 
immediate adaption to pos. or neg. earth return; anti -burglar 
immobilising switch, pre-set control for rev. limitation. There 
are no exposed parts, the unit, on p.c.b. being housed in strong 
enclosed metal box. With instructions and leads. Size: 7 5/8 x 
4 5/8" x 2 1/8" ex. switches. 

BUILT & 
KIT £7.95 TESTED £10.50 

Please add 50p for P/P 

A USEFUL CATALOGUE - FREE 
Send us a large S.A.E. with 10p stamp and we will send 
you the latest Bi -Pre -Pak catalogue free by return. Packed 
with useful lines, it's a real money saver. See page 331 
this issue. 

T o: STIRLING SOUND (BI-PRE-PAK LTD) 
220/222 WEST ROAD, WESTCLIFF-ON-SEA ' ESSEX SSO 9DF t 
Please send 

for which I enclose E 

I 
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tecicnowledgey in consumer ICs - and their applications. 
SGS Audio ICs 

- 
- ' aa . 

e 
- - 

xy 

,Teve moved 
To accomodate expanded R & D 

facilities, AMBIT has moved sales 

and administration to 25 High St. 
Brentwood. The existing 37 High 
Street premises are retained for the 
engineering activities. 
One of the first products of this 
move has been the development of 
a TV sound tuner, from an "off 
air" system, using its own varicap 
UHF TV tuner, with ICIF am- 

plifiers and block filters by TOKO. 
And then one of our best ever 

circuits - an electronic touch tuner, 
with scanning mode, and facilities 
for 6 preset stations. The unit is 

suitable for use with FM, and now 
AM of course, and offers a corn- 
plete tuner system without an y 
moving parts. Selection is by means 

of touch tuning in all cases, with 
manual scan and preset switching 
automatically interlocked. 

Our R&D facilities are available for 
general consultancy to OEMs: further 
details on application. Standard project 
estimation fee, including project evalua- 
Lion comment data is £15.00 payable in 

advance. 

Modules & Kits 
New modules: 

8011 Totally touch tuned varicap controller built £14.99. 

8005 andLar 

audio stages,t 
accesory unit, with pilot tend filter 

and .9(rectifier, IC stabilizer, meter driver 
circuits. £4.99 (kit) 

8001 55kHz low pass filter (moo budy filter) £2.35 built 
£1.75 (kit) 

2001 Stereo scratch and rumble filter, with continuously 
o- 

£4601e (ktjerating 
frequencies £5.80 (built) 

3000 Stereo control preamp - a wide dynamic range, low 
distortion AF preamp, with vol, bal, bass and treble 
controls.kit £5.78 

2020k The TDA2020 stereo amp kit photographed on the 
left.£7.85 

7700 Tv off air UHF sound tuner - built £2600 
(4 preset stations) 

4' 
.:r 

` 

f pc 1. -**- 
t.l , 

The much heralded TDA2020 
to make sure thatyou don'tgo 
SGS application test circuit 
15 + 15 (RMS) Hi Fi amplifier. 
Prices : IC 

is here. And just 
wrong, so is the g 

PCB for a stereo7004 
AUDIO DISCRETES 

9000 kit AM/FM mpx tuner chassis, with mech. tuner £17.50 
kit MW/LW varicap tuner module, inc. ferrite rod £9.95 

7252 HiFi MOSFET FM tuner module by Larsholt £24.00 
7253 HiFi FET FM tuner module inc decoder £24.00 
5600 Hi Cl MOSFET varicap tunerhead by TOKO £11.25 

FET tunerhead from TOKO £5.00 
Complete FM Tuner kits, inc case, for use with the above 
modules: details SAE please. Prices range from £40-£60. 

Amongst our various accessories for entertainment g 
electronics is a range of FM tuning, frequency and 
sig. strength meters with 12v, 50mA bulb. £2.50 ea. 

-' ` 
-:r- 

TBASIOAS +HS 1.09EC3302 
TCA94OE +HS 1.80 
TDA2020 2.99 

FM LINEAR ICS 

ZTX107/8/9 14p 
ZTX4131LN) 17p 
ZT X212/3/4 16p 

BD 535 n 7A/60v 52p p 
MC1350 0.70 
CA3089 +QC 1.94 
TBA120 +QC 1.00 

MPX LINEAR ICS 

BD536 pnp 53p 
BD377 npni 3A/50v 29p 
BD378 pnpl32p 
BD515 npn 2A/45v 27p 
8D516 pnpl 30p 

Is6ri2 et we 104 
+LED 2.20 

CA3090AQ +LSD 3.75 

BD609 npn 10A/90v 70p 
8D610 pnpl 102p 

ambit 
25 high 
essex. 

international 
street brentwood 
cm14 eh. tel: (0277) 215029 

tlx: 995194 

Free price list withan SAE, catalogue of modules and parts 
40p., including postage and VAT. 

General Terms: CWO please, official bodies and companies 

please note min. invoice £7.50. PP for CWO orders 22p per 
order. (UK and Eire). Overseas customers please include suffi- 
cient for postage. VAT is not included, and must be added 

at 25%, In stock orders despatched within 48 hours. 

elmammmmimmiTHE MODERN BOOK CO 
NEW EDITION 

RADIO VALVE &SEMI CONDUCTOR DATA 
By A. M. Ball 

FOUNDATIONS OF WIRELESS & ELECTRONICS 
by M. G. Scroggie PRICE: £4.25 
BEGINNER'S GUIDE TO TRANSISTORS 
by J. A. Reddihough PRICE: £2.15 
UNDERSTANDING SOLID-STATE ELECTRONICS 
by Texas Inst. PRICE: £1.45 
SEMICONDUCTOR CIRCUIT ELEMENTS 
by T. D. Towers PRICE: £5.80 
T.V. ENGINEER'S POCKET BOOK 
by P. J. McGoldrick PRICE: £3.00 
SOLID STATE HOBBY CIRCUITS 
by R.C.A. PRICE: £1.30 
BEGINNER'S GUIDE TO RADIO 
by G. J. King PRICE: £1.80 
PRINCIPLES OF PAL COLOUR T.V. & 
RELATED SYSTEMS 
by H. V. Sims PRICE: £1.80 
HANDBOOK FOR RADIO OPERATORS 
by H.M.S.O. PRICE: £1.25 
110 SEMICONDUCTOR PROJECTS FOR THE 
HOME CONSTRUCTOR 
by R. M. Marston PRICE: £2.60 
INTRODUCING ELECTRONICS SYSTEMS 
by I. R. Sinclair PRICE: £1.70 

Price £2.50 
TRANSISTORIZED RADIO CONTROL FOR MODELS 
by D. W. Aldridge PRICE: £2.80 
PRINCIPLES OF TRANSISTOR CIRCUITS 
by S. W. Amos PRICE: £3.65 
TRANSISTOR ELECTRONIC ORGANS FOR 

THE AMATEUR 
by A. Douglas PRICE: £4.70 
99 WAYS TO USE YOUR OSCILLOSCOPE 
by A. C. W. Saunders PRICE: £1.70 
INTRODUCING AMATEUR ELECTRONICS 
by I. R. Sinclair PRICE: £1.45 
RAPID SERVICING OF TRANSISTOR EQUIPMENT 
by G. J. King PRICE: £2.10 
ELECTRONICS SELF-TAUGHT WITH EXPERIMENTS 
& PROJECTS 
by J. Ashe PRICE: £2.15 
BASIC THEORY & APPLICATION OF TRANSISTORS 
by Dover PRICE: £2.00 
A GUIDE TO AMATEUR RADIO 
by P. Hawker PRICE: £1.10 
R.S.G.B. AMATEUR RADIO CALL BOOK 1976 Ed. 

by R.S.G.B. PRICE: £1.45 
WORKING WITH THE OSCILLOSCOPE 
by A. C. W. Saunders PRICE: £1.80 

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 INP 
Telephone 01-723 4185 
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BI-PRE-PAK 
Bargains in Semi -Conductors, components, modules & equipment. 

BPP Packs 
Originated in 1959 by managing director Bernard 
Davis, his were the first semi -conductor and compo- 
nent packs to be marketed in this country, and indeed, 
the company's name grew out of "British Industrial 
Pre -Packed Components". Today, Bi -Pre -Pak con- 
tinues to occupy a position of pre-eminence in the 
supply of packs as well as a vastly extended range of 
products detailed in our latest 24 page A.4 size free 
catalogue. Send 10p stamped large self-addressed 
envelope for your copy by return. 

IT'S ALL IN OUR FREE CATALOGUE 

Component Packs 
CP1 150 Capacitors, mixed bag of paper, silver mica, elec- 
trolytics, etc. Approx quantity, counted by weight. (post & 
packing) 60p 
CP2 200 Resistors, mixed bag of different types, values, wat- 
tages, etc. Approx. quantity, counted by weight 60p 
CP3 40 Wirewound resistors, mixed types, values and wat- 
tages 80p 
CP4 12 Potentiometers, pre-sets, w/wound, carbon, etc. 
Mixed types and values 60D 
CP5 5 Earphones, single low impedancefor transistor redite 
cassettes, etc: Less plugs, for suitable plugs see PAKs CP9 
and CP10 80p 
CPS 50 TO -5 mounting pads, fits between transistor and 
board, for that pro. finish eOp 
CP8 500 Cable clips for G.P.O. }" dia. cable. Nylon with 
hardened steel pin (probably tungsten) per sealed box of 
500 
CP9 5 3.5mm plugs, miniature jack, to fitsarphones Ingle; 
CP5 
CP10 5 2.5mm sub miniature jack, to fit earphones in PAK 
CP5 
CP11 6 Screwdrivers, 1 x mains neon tester, 5 x grub screw- 
drivers 80p 
CP12 10 Reed relay inserts, t" long }" dia. These will 
operate from an external magnet or coll. For magnets see 
PAK CP13 60p 
CP13 10 magnets of various sizes for operating 
reedswitches in PAK CP12. Ideal for burglar alarms on doors 
and windows, etc 60p 
CP14 40 Potentiometers, pm -sets, carbons, dualgangs, with 
and without switches etc. Mixed velues and wettagesf1.20 
CP15 12 Standard crocodile clips, screw fixing, ood 
quality 
CP18 5 P.C. boards each containing a BF180 UHF empli ter 
transistor. A good basis for building a T.V. aerial pre -amp as 
various parts inc 60p 
CP17 25 Electrolytic Capacitors, various values and 
voltages, many useful types, from T.V. to transistor radio end 
Hi-Fi (post and packing 23p) 
CP18 1 Light activated SCR.50 volts 1.6 amps type Lt e. 
Ready mounted on PC board with gate resistor and leads 
fitted. Full data and circuit diagrams for 14 projects, include: 
slave photo flash unit, burglar alarm, etc 
C}}P19 

}3} 

Micro switches 1 pole change over, standard ms. el 

CP20 10 Relays, assorted types, ex -GPO end others, miiixepd 
voltages £1.20 
CP21 200 Square inches of copper laminate P.C. board, in 
approx. 8 pieces 
CP22 3 Fibreglass plain printed circuit boards, approx 2}' x 

CP2I 4 Switches, miniature push to make single pole 

Semi -Conductors 
TESTED AND GUARANTEED 

TP4 3 SN7490 integrated circuits, 14' pin dual in line TTL 
type. Decade counter. Get one FREE these are 60p each in 
singles. f 1.20a 

All the following ere at 60p each pack 

TP9. 5 5N7400 integrated circuits, 14 pin dual in line TTL 
type. Quad 2 -input NAND gate. Get one FREE, these ere 1 Sp 
each. 
TP10 2 light dependant resistors. 400 ohms light, 1 megohm 
dark. }" dia. 
TP11 10 Transistors XB102 and XB112 equiv. to AC126, 
AC156, 0081/2, OC72, etc. 
TP12. 4 BY127 Silicon rectifiers 1000 ply 1 amp. Plastic TV 
rectifier. 
TP13. 5 OCP71 Light sensitive transistors. 
TP14 20 0071 germanium PNP audio pre -amp transistor, 
black glass type. 
TP15 20 0081 germanium PNP audio output transistor, 
white glass type. 
TP18 20 0C200/1/2/3 transistors, PNP silicon TO -5, un- 
marked. 
TP17 20 1 watt zoner diodes, mixed voltages, 6.8 to 43 
volts. 
TP18 20 2N3707/8/9/10 transistors, NPN silicon plastic, 
unmarked. 
TP19 100 Diodes, mixture of germanium, gold bonded, 
silicon, etc, a useful selection of many types, marked and un- 
marked. 
TP20 10 Mullard 0C45 transistors, I.F. amp. PNP ger- 
uranium. 
TP23 20 BFY50/1/2, 2N696/7, 2N1613, etc. NPN silicon 
TO -5 uncoded. Complementary to PAK TP21. 
TP24 20 BFY64, 2N2904/5, etc, PNP silicon TO -5 uncoded. 
Complementary to PAK TP23. 
TP30 20 NPN silicon planar transistors, TO -18 similar to 
BC108 etc. uncoded. 
TP31 20 PNP silicon planar transistors. TO -18 similar to 
BC178 etc. uncoded. 
TP32 20 2N2926 silicon plastic transistors, uncoded and 
ungraded for colours. 

UNTESTED PACKS - 80p EACH 
Specially for keen barg.M hunters 

UT1 50 PNP germanium transistors, AF and RF. Very good 
yield. 
UT2 150 Germanium diodes, miniature glass Pipe. UT6 40 Zener diodes, 250 mW OAZ240 range, average 50% 
goon. 

SINGLES 
Bridge Rectifier., Plastic encapsulated 
PIV = 50v 100v 400v 

1 amp 25p 35p 45p 
4 amp 46p 50p 80p 
6 amp 60 80p 90p 
BY164 equiv. SKB2/02 400v 1 .5 amp 46p 
F.E.T... 
2N3919 18p; 2N4416 20g M. F.E.T.s: 
3N141/MEM616 50p 
Uni -Junction Translators: 
2N2160 85p 2N2646 48p 

TIS 43 31p 
P.U,T.s: 2N26027 50p 
LE.D..: TIL209, Red 18p 
TI L211, Green 33p 

Also: 
POWER DIODES, 
THYRISTORS. 
TRIACS, 
DIAC, 
ZENER DIODES, 
OPTO -ELECTRON ICE, 
Etc. 

POWER TRANSISTORS 
Vice Watts 1c Amps Price 

40P1 15 20 3 20p 
40N2 40 40 4 30p 
40P2 40 40 4 30p 
90N1 15 45 4 25p 
90P1 15 45 4 25p 
90N2 40 90 8 35p 
90P2 40 90 8 35p 

Many other types available from 3 to 115 watts 
Integrated Circuits: MM5314 Dual in line clock chipf3.00 
LMS 380/SL 60745 Dual in line 2w audio amp. with data, 
etc 75p 
Dual in line IC sockets 8 pin - 14p; 14 -pin - 16p; 16 -pin - 
iSp 

Sundry 
Signal Generator: For MW and IF covers 550 KHz to 1.6 
MHz for MW and 400 to 550 KHz for IF. Fully portablef4 

2p 40p) 
Pocket Signal Injector: Fountain -pen type. Invaluable for 
finding faults £2.006 
Ex -GPO 6" Sidecutters: Not new, but in perfect order, per 
pair 6pP 
Ex -GPO 6" Long Nos. Pliers: Not new, but in perfect order, 
per pair 
Maine Transformers: 

SOp 

MIS 6v 0 6v 100mA £1.22 
MT12 12v 0 12v 5OmA £1,226 
SST9/1 9v lamp £1.576 
SST12/1 12v lamp £2.05 
SST18/1 18v lamp £2.60 
SST25/2 25v 2amp £3.00 
SST30/2 30v 2amp £4,256 
SST35/4 35v 4amp £6.50 
PC EÔGE CONNECTORS 
Type Sizes Pitch Price 
SSEC 6 way 
SSEC 10 wa 

1 1"' .156" 
.156" 

32p 
60 

SSEC 12 way " .156" 80p 
SSEC 16 way 
SSEC 18 way 

" 
237, 

.158" 

.156" 
76p 
85p 

SSEC 22 way 31" .156" 100p 

Other untested pecks 60p ea. 
UT10 15 power transistors, PNP germanium and NPN 
silicon, mostly TO -3 but some plastic and some marked. 
UT13 15 Integrated circuits. experimenters pak, dual in line, 
TO -5, TTL, DTL, marked and unmarked. some definitely good 
but old types. 

For full ranges - See Catalogue 
BOOKS 

All free of VAT - We carry very large stocks of technical 
books by ashen! & Bernard Publishers, by Names and 
Butterworth ca well as reference books from the Com- 
mon Market in English / German /Italian. All detailed in 
our catalogue. 

B -P -P SECURITY CHECK POINT 
Write your own name and ad- MAKE SURE YOU GET OUR 

dress clearly in block capital NAME AND ADDRESS 
letters. RIGHT WHEN ORDERING 

Check that your order is cor- Cash (cheque, money or 
rect for description, quantity postal order) with your order, 
and price- please. 

Don't forget V.A.T. at 25% of 
total value of order unless 
btherwise stated. 

Mention this journal when 
ordering if you don't went to 
cut out the coupon. 

TERMS OF BUSINESS: 
VAT at 25% most be added to total value of order except for item. marked 
or (8%), when VAT Is to be added et 8%. No VAT on oversee. orders, POST 8s 
PACKING add 25p for. UK orders miles. marked ot_herwi.e. Minimum mail 

EXCITING NEW order acceptable- Ei. Overcoat. brden, add £1 for poet.ge. Any difference 
will be credited or charged. PRICES subject to alteration, without notice. 

STIRLING SOUND AVAILABILITY: All item. available at time of going to pram when every ef- 

AUDIOmade to ensuro corteCbleN of irdormatlon. 

AUDIO MODULES gia am BB------- MOM NMI MI 
SEE P. 329 OF To BI-PRE-PAK, 224-226 WEST RD., WESTCLIFF-ON-SEA, ESSEX 

THIS ISSUE 1 
Please send 

for which I enclose inc. V.A.T. BI-PRE-PAK LTD 
222 224 WEST ROAD,WESTCLIFF-ON-SEA. ESSEX SSO 9DF. 

TELEPHONE: SOUTHEND10702)46344. 
WRITE ORDER SEPARATELY AND ATTACH COUPON IF REQUIRED 

' 
Name 

Address 
A 

REC. 72A 
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SPEAKERS 
Baker Group 25, 3, 8 or 15 ohms 
Baker Group 35, 3, 8 or 15 ohms 
Baker Group 50/12 8 or 15 ohms 
Baker Group 50/15 8 or 15 ohms 
Baker Deluxe 12" 8 or 15 ohms 
Baker Major 3, 8 or 15 ohms 
Baker Superb 8 or 15 ohms 
Baker Regent 12" 8 or 15 ohms 
Baker Auditorium 12" 8 or 15 ohms 

,Baker Auditorium 15" 8 or 15 ohms 
Castle 8RS/DD 
Celestion 012M 8 or 15 ohms 
Celestion G12H 8 or 15 ohms 
Celestion G12/50 8 or 15 ohms 
Celestion G12/5OTC 8 or 15 ohms 
Celestion G15C 8 or 15 ohms 
Celestion G18C 8 or 15 ohms 
Celestion HF1300 8 or 15 ohms 
Celestion HF2000 8 ohms 
Celestion MH1000 8 or 15 ohms 
Celestion CO3K 

Decca London ribbon horn 
Decca London CO/1000/8 Xover 
Decca DK30 ribbon horn 
Decca C0/1/8 Xover (0K30) 

EMI 14x 9 Bass 8 ohms 14A770 
EMI 8 x 5, 10 watt, d/cone, roll surr. 
EMI 6+" d/cone, roll surr. 8 ohms 
Elac 59RM109 (15) 59RM114 (8) 
,Elac 6i" d/cone, roll surr. 8 ohms £4.06 
Elac 10" 10RM239 8 ohms £3.95 
Eagle Crossover 3000hz 3, 8 or 15 ohms £1.75 
Eagle FR4 
Eagle FR65 
Eagle FR8 
Eagle FR10 
Eagle HT15 
Eagle HT21 
Eagle MHT10 
Eagle FF28 multicell. horn 

Fane Pop 15, 8 or 16 ohms 
Fane Pop 251, 8 or'16 ohms 
Fane Pop 331, 8 or 18 ohms 
Fane Pop 50, 8 or 16 ohms 
Fane Pop 55, 8 or 16 ohms 
Fane Pop 60, 8 or 16 ohms 
Fane Pop 70, 8 or 16 ohms 
Fane Pop 100, 8 or 16 ohms (25.95 
Fane Crescendo 12A, 8 or 16 ohms £34.50 
Fane Crescendo 12BL, 8 or 16 ohns ß6:50 
Fane Crescendo 15/100A, 8 or 16 ohms £47.50 
Fane Crescendo 15/125, 8 or 16 ohms £57.95 

WILMSLOW AUDIO 
THE Firm for speakers! 

SPEAKERS 
£8.64 Fane Crescendo 18, 8 or 16 ohms £62.95 

£10.25Fane 910 Mk.11 horn £14.95 
£ 14.00 Fane 920 Mk.II horn £33.95 
£18.62 Fane HPX1 crossover 200 watt £2.50 
£13.75 Fane 13 x 8, 15 watt dual cone £5.50 
£11.87 Fane 801T 8" d/c, roll surr. £9.95 
£18.12 Goodmans Axent 100 £8.44 
£10.00 Goodmans Audiom 100 15 ohms £13.90 
£16.25 Goodmans Audiom 200 8 ohms £13.90 
£21.56 Goodmans Axiom 402 8 or 15 ohms £20.00 

Goodmans Twinaxiom 8, 8 or 15 ohms £10.14 £10.31 Goodmans Twinaxiom 10, 8 or 15 ohms £10.75 
£ 12.95 Goodmans SP 8 or 15 ohms £5.50 (15.95 Goodmans 10P 8 or 15 ohms £5.80 £16.50 Goodmans 1 2 P 8 or 15 ohms £13.95 
£18.00 Goodmans 12PG 8 or 15 ohms £15.95 £26.95 Goodmans 12PD 8 or 15 ohms £16.95 
£34.50 Goodmans 12AX 8 or 15 ohms £36.50 

£7.75 Goodmans 15AX 8 or 15 ohms £40.25 
£9.50 Goodmans 15P 8 or 15 ohms £21.00 

£ 13.50 Goodmans 18P 8 or 15 ohms £36.00 
£4.95 Goodmans Hifax 750P £16.00 

£32.00 Goodmans 5" midrange 8 ohms £4.50 
£7.50 Gauss 12" 200 watt £73.00 

f19.06 Gauss 15" 200 watt £83.00 
£5.00 Gauss 18" 200 watt £110.00 

Jordan Watts Module, 4, 8 or 15 ohms £17.06 
£13.25 Kef T27 £6.06 

£3.95 Kef T15 £6.94 
£4.37 Kef 8110 £8.37 
£3.44 Kef B200 £9.50 

Kef B139 
Kef DNB 
Kef DN12 

£9.62 Kef DN13 SP1015 or SP1017 

£12.31 Lowther PM6 

£15.62 Lowther PM6 Mk.l 

£4.40 Lowther PM7 

£6.81 Peerless K010DT 4 or 8 ohms 

£4.44 Peerless DTIOHFC 8 ohms 

£9.00 Peerless K040MRF 8 ohms 
Peerless MT225HFC 8 ohms 

£5.25 Richard Allan CA12 12" bass 
£7,50 Richard Allan HP8B 
£8.75 Richard Allan LP8B 

£12.00 Richard Allan DT20 
£ 13.95 Richard Allan CN8280 
£17.25 Richard Allan CN820 
£18.75 Richard Allan Super Disco 60W 12" 

STC 4001G 
Tannoy 10" HPD 
Tannoy 12" HPD 
Tannoy 15" HPD 
Wharfedale Super 10 RS/DD 8 ohms 

£16.95 
£2.31 
£5.99 
f4.50 

£27.50 
£29.95 
£48.00 
£8.06 
£9.18 

£ 10.31 
£3.12 

£22.00 
£13.25 

£9.25 
f6.75 

£ 18.00 
£4.00 

£ 16.95 
£6.56 

£67.75 
f72.50 
£92.95 
£ 15.00 

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

STUDIO 360, HIFI ANSWERS MONITOR, HIFI NEWS 
NO -COMPROMISE, WIRELESS WORLD TRANSMISSION 

LINE, PRACTICAL HIFI AND AUDIO (GILES) 
MONITOR ETC. 

Construction leaflets for 
Radford, Kef, Jordan Watts, Tannoy etc. 

free on request. 

PA Amplifiers, microphones etc. by 
Linear, Shure, Eagle, Beyer, AKG etc. 

FREE with orders over £10 
"Hi-Fi Loudspeakers Enclosures" Book 

SPEAKER KITS 
Baker Major Module 3, 8 or 15 ohmseach £13.44 
Goodmans DIN 20 4 or 8 ohms each £14.75 
Goodmans Mezzo Twin kit 
Helme XLK 20 
He XLK 30 
Helme XLK 35 
Helme XLK 40 
Helme XLK 50 
KEFkit 1 

KEFkit III 
Peerless 20-2 
Peerless 30-28 
Peerless 20-3 
Peerless 50-4 
Peerless 3-15 
Peerless 1060 
Peerless 1070 
Peerless 1120 
Richard Allan Twin assembly 
Richard Allan Triple 8 
Richard Allan Triple 12 
Richard Allan Super Triple 
Richard Allan RA8 Kit 
Richard Allan RA82 Kit 
Richard Allan RA82L Kit 
Wharfedale Linton II Kit 
Wharfedale Glendale III Kit 
Wharfedale Glendale 3XP Kit 
Wharfedale Dovedale Ill Kit 

pair £47.19 
pair £ 15.00 
pair £19.00 
pair £24.00 
pair £35.00 
pair £56.00 
pair £53.00 

each £48.00 
each £17.44 
each (24.38 
each (26.56 
each £40.50 
each £17.19 
pair £56.00 

each £46.00 
each (50.00 
each £10.95 
each £16.50 
each £23.95 
each £28.75 
pair £42.00 
pair £63.00 
pair £73.00 
pair £23.12 
pair £40.62 
pair £58.00 
pair £63.12 

HI-FI 
ON DEMONSTRATION 

In our showrooms: 
Akai, Armstrong, Bowers & Wilkins, Castle, 

Celestion, Dual, Goodmans, Kef, Leak, Pioneer, 
Radford, Richard Allan, Rotel, Tandberg, Trio, 

Vidg.otone, Wharfedale, etc. 
-Ask for our HiFi price list - 

Complete RADFORD range in stock 
Amplifiers, Preamps, power amps, low 

distortion oscillator, distortion 
measuring set, etc. 

All items guaranteed new and perfect 
Prompt despatch 

PRICES INCLUDE VAT 
and are correct at 13-1-76 

Carriage: 50p per speaker (12" and over 75p each) 
Tweeters, crossovers 30p each 
Kits 80p each (£1.60 pair) 

Send stamp for free booklet 
"Choosing a Speaker" 

WI LMSLOW 
AUDIO 

DEPT RC 
LOUDSPEAKERS: SWAN WORKS 

BANK SQUARE, WILMSLOW, 
CHESHIRE 

AMPLIFIERS, RADIO ETC. 
10 SWAN ST., WILMSLOW, CHESHIRE 
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LATEST 
BOUND VOLUME 

No. 28 
of 

"Radio & Electronics 
Constructor" 

AUGUST 1974 to JULY 1975 

Comprising 
768 pages PRICE £2.75 P&P 65p 
inc. index 

BOUND VOLUME No. 25 
(August 1971 to July 1972) 

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

PRICES 
VOL. 25 

£2.00 per volume P&P 65p 
VOL. 27 

£2.40 per volume P&P 65p 

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 

"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 you sooner 

than you would dream possible. 
What a wonderful way to learn - and pave the way to 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 opportunities in the field 
of Radio and Electronics are growing 
faster than they can find people to 
fill the jobs! 

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 compon- 
ents - build things - experiment. 
You enjoy every minute of it! 

You get everything you need. 
Tools. Components. Even a versatile 
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 by easy 
instalments). 

So fast, so easy, 
this personalised course 
will teach you even if 
you don't know a thing 
today! 
No matter how little you know now, 
no matter what your background 
or education, we'll teach you. Step 
by step, in simple easy -to -understand 
inguage, 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 
you look at what you have achieved. 
Within weeks you could hold in' 
your hand your own transistor 
radio. And after the course you 
can go on to acquire highpowered 
technical qualifications, because our 
famous courses go right up to Cjt' 
& 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 
....--c'. 

To: ALDERMASTON COLLEGE 

DEPT. CRE 14, READING RG7 4PF 

Also et our London Advisory Office, 4 Fore Street 

Avenue, Moorgete, London, EC2Y 5EJ Tel: 01.028 2721 
rea, 1a I ice to Know mote scout your courte. rieaee seno 
me tree details-plus your big, 76 -page book that fella 
about alt your courses. 

CRE 14 

NAME 

ADDRESS 

POSTCODE !HET 

HOME OF BRITISH INST111111 OF I NGINI I RING TFCHNOIOGY 

FEBRUARY 1976 
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EI1I4IEl]IJ]IIJNs 
BRAND NEWit 

TRANS/STORS#FULLY GUARANTEED 
Type Price 
AZI07 00.20 
AC113 00.19 
AC1I5 .0.20 
ACII7K 0.80. 
AC122 '0.12 
AC125 '0.18 
AC126 '0.18 
AC127 .0.19 
AC128 '0.19 
ACI32 '0.15 
.AC134 '0.16 
AC137 '0.15 
AC141 '0.19 
AC141K 0.30 
AC142 0.19 
AC142K '038 
AC176 0.20 
AC180 '0.20 
AC180K '0.30 
AC181 '0.20 
AC181K 0.30 
AC187 032 
AC187K '0.23 
AC188 '0.22 
AC188K 033 
ACY17 00.28 
ACY18 .0.24 
ACY19 *0.24 
ACY20 024 
ACY21 0.24 
ACY22 '0.24 
AD140 0.49 
AD142 0.49 
AD143 0.39 
AD149 '0.51 
AD181 Q.49 
ADI62 00.38 
AD161 LsAD162 
IMPf '0.89 

Type Price 
ADT140 00.51 
AF114 0.25 
AF115 
AF116 
AF117 
AF118 
AF124 
AF125 
AF126 
AF127 
AF139 
AF178 
AF179 
AF180 
AF181 
AF186 
AF239 
AL102 
AL103 
BC107 
BC108 
BC109 
BC113 
BC114 
BC115 
BC116 
BC117 
,BC118 
BC119 
BC120 
BC137 
BC139 
BC140 
BC141 
BC142 
BC143 
BC145 
BC147 
BC148 

'0.211 
'0.25 
0.25 

0.38 
0.31 
'0.31 
0.29 
'0.29 
0.31 
'0.51 

0.51 
0.51 

0.51 
'0.51 
0.38 
0.68 

'0.88 
'0.08 
0.08 
0.08 
0.10 
0.18 
0.18 
0.18 
0.19 
0.10, 

0.31 
0.81 
0.16 

'0.41 
0.31 
0.31 
'0.31 

0.31 
0.48 
0.10 
0.10 

Type Price 
BC149 0.12 
BC150 0.19 
BC151 0.20 
BC152 0.18 
BC153 0.29 
BC154 0.21 
BC157 0.19 
BC158 0.12 
BC159 0.12. 
BC160 '0.48 
BC161 '0.51 
BC167 0.12 
BC168 0.12 
BC169 0.12 
BC170 0.10 
BC171 0.10 
BC172 0.10 
BC173 0.15 
,BC174 0.15 
(ßÇ175 0.35 
iUBiCC177 '0.39 

178 0.19 
BC179 0.19 
BC180 '0.25 
BC181 0.25 
BC182 0.15 
BC182L 0.15 
BC183 0.15 
BC183L 0.15 
BC184 0.20 
BC184L 0.20 
BC186 '0.29 
BC187 *039 
BC207 0.11 
BC208 0.11 
BC209 0.12 
BC212L 0.13 
BC213L 0.19, 
FC214L 0.17 

Type 
BC225 
BC226 
BC301 
BC302 
BC303 

.H 440 
BC460 
$b115 
BD116 
BD121 
BD123 
BD124 
BD131 
BD132 
'BD133 
BD135 
BD136 
BD137 
BD138 
BD139 
BD140 
BD155 
BD175 
BD176 
BD177 
BD178 
BD179 
BD180 
BD185 
BD186 
BD187 
BD188 
BD189 
BD190 
BD195 
BD196 
BD197 
BD198 

Price 
0.28 
0.30 

'0.28 
'0.25 ' 0.31 
0.37 
0.31 
0.37 
0.81 
0.61 
0.87 
0.70 
'0.51' 
0.61 
0.67 
0.41 
0.41 
0.48 
0.51 
0. 
0.81 
0.81 

0.81 
'0.81 
0.87 
'0.87 
'0.71 
'0.71 
'0.87 
'0.87 
'0.7]] 
'0.71 
0.77 
'0.77 
0.87 
0.87 
00.92 Ó 92 

Tvpe 
BD199 
BD200 
BD205 
BD206 
BIS207 
BD208 
BDY20 
BF1I5 
BF117 
BF118 
BF119 
BF121 
BFI23 
BF125 
BF127 
BF152 
BF153 

154 
F156 

BF156 
BF157 
BF158 
BF159 
BF173 
BF176 
BF179 
BF180 
BF181 
BF194 
BF195 
BF196 
BF197 
BF257 
BF258 
BFY53 
BSX19 
BSX20 
BSY25 
BSY26 

Price Type Price 
'0.98 BBY27 0.18 
0.98 BSY28 0.18 
00.81 J3SY29 '0.16 ' 0.81 BSY38 '0.19 
*0.98 BSY39 0.19 
* 0.98 BSY40 '0.29 
1.02 BSY41 '0.29 
0.25 BSY95 '0.13 
'0.48 BSY95A 0.13 
O 0.71. BU105 2.04 
'0.71 MJE521 0,66 
0.46 MJE2955'0.87 
0.51 MJE3065'0.57 
0.48 MJE3440'0.51 
0.51 MPFI02 '0.43 
0.56 MPF104 '0.38 
0.46 MPF105 0.38 
0.46 0C19 0.38 

'0.71' OC20 *0.85 
0.49 0C22 '0.47 

'0.68 0C23 '0.49 
0.56 0C24 '0.57 
0.61 OC25 '0.39 
0.22 0C26 00.30 
0.36 .0028 '0.51 

0.31 ïOC29 '0.51 
'0.31 .0C35 '0.43 

0.31 0C36 '0.51 
0.12 0C41 *030 
0.12 OC42 035 
0.15 0C44 '0.18 
0.15 OC45 '0.13 0.48 0070 00.15 

O 0.81 0071 0.15 
'0.18 0072 '0.15 ' 0.18 0074 0.15 
'0.18 0075 0.18 
'0.18 0076 0.18 
*0.18 0077 '0.26 

Type Price 
0081 0.18 
OC81D '0.18 
OC82 '0.18 
0082D 0.18 
0083 .0.20 
0C139 '0.20 
OC140 '0.20 
0C169 '036 
OC170 038 
OC171 038 
OC200 *-038 
OC201 039 
OC202 '039 
0C203 '0.28 
OC204 038 
0C205 '0.36 
0C309 '0.41 
D(271 '0.44 
ORP12 '0.60 
ORP60 '0.60 
ORP61 '0.60 
TIM 0.44 
TIP30 0.52 
TIP31A '0.58 
T1P32A 0.68 
TIP41A 0.68 
TIP42A 00.81 
TIS43 '0.91 
UT46 0.28 
ZN414 '1.11 
2N696 '0.13 
2N697 !0.14 

;2N698 '025 
2N699 0.36 
2N706 '0.11 
2N706A *0.12 
2N708 - O.Id 
2N914 0.15 
2N918 *0.83 

Type Prise Type Price 
2N1131 030 2N2906 '0.16 
2N1132 '0.22 2N2906A 0.19 
2N1302 '0.15 2N2907 '0.20 
2N1303 '0.15 2N2907A '0.22 
2N1304 0.18 2N2923 0.15 
241305 0.18 2N2924 0.15 
2N1306 0.21 2N2925 0.15 
2NI307 0.21 2N29260 0.13 
2NI308 '0.24 2N2926Y 0.11 
2N1309 '0.24 2N29260 0.10 
2N1613 0.20 2N2926R 0.10 
2N1711 0.20 2N2926B 0.10 
2N2147 '0.73 2N3053 00.18 
2N2148 0.58 2N3054 0.47 
2N2218 '0.20 2N3055 0.42 
2142219 0.20. 2N3402 0.29 
242220 0.22 2N3403 '0.29 
2N2221 0.20 2N3404 0.29 
2N2222 00.20 2N3405 00.43 
2N2368 0.18 2N3525 00.77 
2N2369 .00.15 2N3614 0.69 
2N2369A '0.15 2N3615 00.78 
2N2646 0.48 2N3616 00.78 
2N2904 '0.18- 1N3646 0.09 
2N2904A 0031 2143702 0.12 
2272905 00.21 2N3703 0.12 
2N2905A 031 2N3704 0.13 

Type 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 
2N3711 
2N3819 
2N3820 
2N3823 
2N3903 
2N3904 
2N3905 
2N3906 
2N4287 
2N4288 
21,74289 
2N4290 
2N4291 
2N4292 
2N4293 
2N5172 
2N5457 
2N5458 
2N5459 
40361 
40362 

Price 
0.12 
0.12 
0.13 
0.08 
0.09 
0.09 
0.09 

O 0.29 
'0.51 
0.29 
0.29 
0.91 
0.29 
0.28 
0.18 
0.18 
0.18 
0.18 
0.18 
0.18 
0.18 
0.12 

00.32 ' 0.32 
'0.41 
0.41 
0.51 

V.A.T. CHART 
Please add 8% to prices 
marked . Remainder add 
25%. Do not add V.A.T. to 

prices marked 

UNTESTED PAKS 
Pak No. Description 
U 1 120 Glase Sub -min. General purpose Germ. diodes 
U 4 30 Germanium transistors like OC81, AC128 
U 5 60 200mA sub -min. silicon diode* 
Ull 
U15 
U19 
U26 
U29 
U32 
U36 
U46 
U46 
U48 

TyPe 
ßA100 
BA116 
,BA126 
,BA148 
BA154 
BA156 

'BA173 

Price 
0.80 

0.80 
'0.80 

20 PNP Sil. planar trans. TO -5 like 2N1132, 242904 *0.80 
20 NPN Sil. planar trans. TO -5 hke 2N696, 2N697 0.60 
20 Silicon NPN tranaistore like BC108 '0.80 
30 Fast switching silicon diodes like 1N914 Micro -Min. 0.80 
10 l Amp SCR's TO -5 can. up to 600 CRS/ 25-600 6130 
25 Zener diodes 400m W DO -7 case 3-33 volt. mixed 0.60 
20 Silicon planar NPN transistors TO -5 BFY50/61/52 *0.60 

7 3A SCR. T066 up to 600 PIV *4130 
20 Unijonction transistors similar to TI543 0.80 
9 NPN Sil. power transistors like 2N3055 *41.29 

Code No's mentioned above are given as a guide to the type 
of device in the Pak. The devices themselves are normally 

' unmarked. 

DIODES 
Price Type Price Type Price Type Price 

'0.19 BB104 0.15 OA10 0.14 OAK' 0.07' 
0,21. B100''0.18 0A47 0.07 OA95 0.07 033 BY126 0.15 0A70 0.07 0A200 0.07 
0.15 BY1278 

0.58 
00.16 

ßY1 0A79 0.07 0A202 00.07 
00.12 BY164 00.51 0A81 0.07 1N914 0.08 
'0.14 BYX OARS '0.09 1N916 0.06 
'0.15 38/30 0.43. 0A90 00.07 1N4148 '0.08 

i 

SIL G.Pa DIODES 
300mW 40 PP/ (min) SUB -MIN FULLY TESTED 

Ideal for Organ builders 
30 for 50p. 100 for 61.50. 500 for 65. 1000 Tor 69. ' TRANSISTOR DATA BOOK 

DTE 1 227 Pages packed with information on 
European Transistors. Full specification in- 
cluding outlines. Price 42.95 each 
TRANSISTOR EQUIVALENT BOOK 

Case 100V 200V 400V BPE 75 256 Page. of cross reference. and 
2Amp TO5 0.31 0.51 0.71 equivalent. for European, American and 
6 Amp T066 0.51 0.81 0.77 Japanese Transistors. This is the moat corn - 

10 Amp T048 0.77 0.92 *61.12 prehenaive equivalent. book on the market 
today and has an introduction in 13 languages. 

Price #[2.68 each - 
DIODE EQUIVALENT BOOK 
DE 74 144 Pages of cross references and equiv- 
alent. for European, American and Japanese 
diodes, Zenera, Thyristor., Trines, Diace and 
L.E.D.'e. 

Price $1.98 each 
.THE WORLDS BROADCASTING 
STATIONS 

HANDBOOKS 
TRIACS 

GP300 - 

115 WATT SILICON T03 METAL CASE 
Vcbo 100V. Vceo 60V, IC, 15A, Hfe, 20-100 suitable 
replacement for 2N3055 BDY11 or BDY20. 

1-24 25-99 100. 
50p 489 40p 

witc ing raps 
T018 SIM. TO 2N706/8 BSY27/28/96A 
All usable devices. No open and shorts.' 
ALSO AVAILABLE IN PNP similar tao 2N2906, BCY 70 
20 for 50p, 50 for *Cl, 100 for '41.80, 500 for 68,1000 
for 414. 
When ordering p/sass state NPN or POP. 

THYRISTORS 
PIV 0.8A O.8A lA 3A 5A 5A 7A 10A 16A 30A 

TO18 TO82 TO5 T066 TO88 T004 T048 TO48 T048 T048 
10 0.13 00.15 - 
20 '0.15 '0.18 
30 *0.19 *0.22 
50 00.22 0.28 0.20 0.25 0.36 '0.36 0.48 0.51 00.54 61.18 

100 0.25 0.30 00.25 0.25 '0.48 0.48 0.51 *0.57 '0.58 61.43 
150 '0.31 00.38 
200 '0.38 0.44 '0.25 00.30 00.50 00.50 '0.57 '0.82 00.82 061.83 
400 - - 0.30 00.39 00.56 '0.57 0.82 0.71 0.77 0[1.79 
600 - - '0.39 '0.48 0.89 0.89 0.78 '0.99 0.90 - 
800 - - '0.58 '0.65 0.81 0.81 00.92 '6122'61.39 64.07 

JUMBO SEMICONDUCTOR PAR 
Transistors -Germ. and Silicon. Rectifiers -Diodes Triace- 
Thyrietora-I.C.'e and Zoner.. ALL NEW AND CODED. 

APPROX 100 PIECES ONLY 61.85 

SILICON RECTIFIERS 

ZENER DIODES 
FULL RANGE IN STOCK 

2:33 Volts 
400 mw 8p 1.5 w 17p 10 w 30p 

300mA 760mA 
PIV (DO7) (SO 18) 

50 
100 
200 
400 
600 
800 

1000 
1200 

0.05 
0.05 
0.08 
0.07 
0.08 
0.11 
0.13 

0.06 
0.07 
0.09 
0.14 
0.16 
0.18 
028 
0.92 

IN4001 
IN4002 
IN4003 
IN4004 
IN4005 
IN4006 
IN4007 

I Amp 1.5 Amp 3Amp 30 Amp 30 Amp 
Plastic (so 16) (SO 10) (SO 10) (TO 48) 

0.05 0.07 0.14 0.19 '0.56 
0.06 0.09 0.16 '0.21 '0.69 
0.07 0.12 0.20 0.23 61.25 
0.08 0.14 0.28 0.35 61.25 
0.09 0.16 0.33 0.42 '61.78 
0.10 0.18 0.35 0.51 [1.94 
0.11 0.23 0.44 0.60 62.31 

0.28 0.54 0.69 62.88 

WBS 75 An up to the minute guide for those 
interested in DX-ing. Contains al the world'. 
broadcaster. on SW. MW and LW, to well ae 
European FM/TV etattone.Price 43.58 each 
TTL DATA BOOK 
DIC 75 Now complete Data book of 74 series 
TTL (7400-74132). Covering 13 main manu- 
facturera in the U.S.A. and Europe, this book 
give. full data as well are equivalent.. 

Price )53.74 each 

A full range of technical books available_ on 
request. 

AA 
Postage & Packing add 25p 
unless otherwise shown. 
Add extra for airmail. Min- 

imum order £1.00. 

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

R2 

R3 

R4 

R5 

R6 

R7 

R8 

COn ?ONENTS 
ALUMINIUM BOXES 

No. Length Width Heigh Price 

BA2 4}'. z 2' 'Jr' 1 #0.46 
6A3 4" 
BA4 

xx 2} xx 1 

1 

*0.4.64 6 
5 4" " *0 

BA5 4'f" x 2}" x *0.45 
BAG. 
BA7 7" x 5" x 21" *0.79 
BA8 8" x 8" x 3" *1.02 
BA9 6" x 4" x 2" *0.05 
(Each complete with 1" deep lid 8r screws) 

PLEASE ADD 20p POSTAGE AND 
PACKING FOR EACH BOX 

COMPONENTS 
CARBON RESISTOR PAKS 

These Pairs contain a range of Carbon 
Resistors, assorted into the following 

groups: 
50 Mixed 100 ohms -820 ohms 

1/8th W _._.____--_..._.._.0.80 
50 Mixed 1K ohms -8.2K ohms 

1/8th W.___..__._.__.__._...__-0.80 
50 Mixed 10K ohms -82K ohms 

1/8th W_..._...._..__......_...._..._......_._._.0.80 
50 Mixed 100K ohms -820K ohms 

1/8th W..._ .............................._......0.80 
30 Mixed 100 ohms -820 ohms 

W 
30 klixed 1K ohms -82K ohms 

30 Mixed 10K ohms -82K ohms 

30 Led ed 100K ohms -820K ohms 
} W- .0.80 

THESE ARE UNREPEATABLE PRICES 

REPANCO CHOKES & COILS 
RF Chokes CHI 2.5mH 0.27 

CH3 7.5mH 0.29 
CH5 1.5mH 0.28 
CH2 5.OmH 0.28 
CH4 10mH 0.31 

COILS DRX1 Crystal set 0.29 DRR2 Dual 
range 0.42 

Add 8% V.A.T. to all prices 
marked * 

Remainder add 25% 

PLEASE NOTE THE 
ABOVE DIRECTIONS V.A.T. 

Pak. 
No. Oty Description Price 
Cl 200 Resistors mixed values, approx. 

count by weight_._____.__. 0.80 
C2 150 Capacitors mixed values approx. 

count by weight.._. -_.._.__.....0.60 
C4 75 1/8th width Resistors mixed 

preferred values-.- - 
C5 5 Pieces assorted Ferrite Rods 

0.60 
C7 1 Pak Wire 50 metres, assorted 

colours...._._.._.._.._......_.._..__ *0.60 
C8 10 Reed Switches_..._._..__.._._ *0.80 
C9 3 Micro Switches__.._._.*0.60 
C10 15 Assorted Pots & Pre-Sets._0.80 
C t 2 30 Paper Condensers preferred types' 

mixed 0.60 
C13 20 Electrolytics Trans. types. -.-.0.80 
C14 1 Pack assorted Hardware - Nuts 

Bolts, Grommets, etc......_. *0.60 
C16 20 Assorted Tag Strips & Panels 

0.80 
C19 2 Relays 6-24V Operating... -.0.80 
C20 Sheets Copper Laminate, app 

200 sq. ins..._............_..........._ *0 80 
Please add 20p post and packing on all 
component packs, plus a further 10p on 

pack nos. Cl, C2, C19 & C20 

COMPONENT PAKS 

CARBON POTENTIOMETERS 
Log and Lin 
4.7K, 10K, 22K, 47K, 100K, 220K, 470K, 
1M, 2M2. 
VC1 Single Less Switch 020 
VC2 Single D.P. Switch 0.40 
VC3 Tandem Less Switch 0.80 
VC4 1K Less Switch 0.20 
VC5 100K Log anti -Log 0.80 

HORIZONTAL CARBON PRESETS 
0.1 Watt 0.08 each 

100, 220, 470, 1K, 2.2K, 4.7K, 10K, 22K. 
"47K, 100K, 220K. 470K, 1M, 2M, 4.7M. 

REPANCO TRANSFORMERS 
240V. Primary. Secondary voltages available 
from selected tappings. Up to 50V and 

25V -0-25-V. 
T peSo/ 

1 
Amps Price 

ß.W 
p&p 

Mt/ 
0.45p 

£4.00 0.48p 
MT/50/2 2 í£6.O0 O.80p 

AVDEL BOND 
SOLVE THOSE STICKY 
PROBLEMS! with 

CYANOCRYLATE C2 ADHESIVE 

IIJ 
The wonder bond which works in 
seconds. Bond plastic, rubber, transis- 
tors, components permanently, 

immediately) 
OUR PRICE ONLY 70p 

For 2gm phial 

COILS FORMERS & CORES 
NORMAN 17 Cores & Formers .... 0.07p 
}" Cores & Formers 0.09p 

SWITCHES 
DP/DT Toggle 0.28p SP/ST Toggle 0.22p 

FUSES 
11" and 20mm, 100mA, 200mA, 250mA, 

500mA, 1A, 1.5A, 2A QUICK BLOW 
*0.05p each 

Anti -serge 20mm only *0.08p such 

VEROBOARDS 
VB1 containing approx. 50 sq. ins. various 

sizes all 0.1 matrix *0.ß0p 
VB2 containing approx. 50 sq. Ins. various 

sizes all 0.15 matrix *0.80p 

CABLES 
CAABLES per metre 

CP 2 
CP 3 
CP 4 
CP 5 

CP 6 

CP 7 
P 8 

CP 10 

Single lapped screen *0,08., 
Twin Common Screen *0.12 
Stereo Screened *0.12 FANTASTIC VALUE 
Four Core Common Screen*0.21 ONLY £1.20 
Four Core Individually 
Screeed Thre8 le Core Mains Cable n*0.11 CAPACITOR PAK Microphone Fully Braided 

Twin Oval Mains Cable *0.08 Containing 75 of the C280 range of capaci- 
LoeaLorCable *0.14 tors assortedm values between to 

BOX 6 WADE HERTS Low Loss Co -Axial *0.14 2.2/íF. Complete with identification chart. P.O. 

AUDIO LEADS 

P&P 

Postage & Packing 
add 25p unless 
otherwise shown. 
Add extra for 

airmail. 
Minimum order £1.00 

BIB ACCESSORIES 

ANTEX Equipment 
SOLDERING IRONS 

X25. 25 watt._......_._..._ ............................... *£2.45 
Model G. 18 watt._._ ....................._......... *£2.70 
CCN 240. 15 watt__.___.._.._ .................... *£2.90 
SK2. Soldering Kit___._._..._... ..... ........ *£3.90 

BITS 
102 for model CN240 *42p 
104 for model CN240 "....----- *42p 
106 for model CN240 32"_.... ---*42p 
1100 for mode CCN2 " *42p 
1101 for mode 
1102 for mode _*42p 
1020 for mode G240 Ill. *42p 
1021 for mode G2401 
1022 for mode G240 
50 for model X25 ,11/_._._____" *44p 
51 for model X251 ',._._._.._*44p 
52 for model X25 g' _._._...._..__..._.._..*44p 

ELEMENTS 
Model ECN 240..._._._...._._.__...._.....__*C1.IO 
Model EG 240.. *£1.35 
Model ECCN 240...........__.........._._._._.._..*£1.55 
ModelEX 25___ ..........................._..._.._..__..*£1.20 

SOLDERING IRON STAND 
ST3 Suitable for all models.- ......*£1.10 
Antes heat shunt._.__.....__.__ ........................*10p 

REF 'D' 2 Hi-Fi Cable & Flex Tidy__.*34p 
REF 'J' Tape Head Cleaning Kit--.. -72P 
REF 'P' Hi-Fi Cleaner. 
Model Model 9 Wire Stripper.......__..__......__E1. 
REF 23.} Tape Editing Kit.._._.._..._*£1.80 
REF 24 ' Cassette Editing Kit......_..*E1.84 
HtF 29 Salvage Cassette___._._._._.....* 
REF 32A Stylus Balance- ._...._._.__..._.£1. 
REF 33 Splicing Tape______._.___,*38p 
REF 36A Record & Stylus 

Cleaning Kit *32p 
REF_ 41 8 -Track Cartridge Head Cleaner BBD 
Model 42 Groov-Kleen_____.__.__*£1.84 
REF 42/S Roller & Brush for REF 42 &*040p0 

REF 43 Record Care Kit..._ -.__._._.*£2.78 
REF 45 Auto Changer Groov-Kleen._*9ßp, 
REF 46 Spirit Level *72p 
REF 48 Record Dust -Off _*211p 
REF 52A Cassette Tray ................._......_ _*54p 
REF 53 Hi-Fi Stereo Test Cassette.*£2.40 
REF 56 Hi-Fi Hints & Tips Book. -.*49p 
Model 60 Groov-Kleen_.._.._-._.__.*Cí.72. 
REF 60/S Replacement Brush Velvet Pad 
and Base Sticker for Model 60.__.__*24p 
REF 62 Cassette Head Cleaner (Liquid) 48p 
REF 71 Record 'Dust Off' (Displays o*t n) 

REF 71A Record 'Dust Off' Bubble Packki 

REF 75 Indexa Record_..._._ ...................._*£1. 
REF 76 Stylus Cleaner .. ..__.*36p 
REF 78 Cassette Fast Hand Winder_*98p 
REF 83 Cassette Title & Container Labels 
(20 & 10)_ .........................._.._.. -'---._.._._-*38p 

PLUGS&SOCKETS 
PLUGS Prise 
PS 1 D.I.N. 2 Pin (Speaker)...._._..__.0.10 
PS 2 D.I.N. 3 Pin_ 0.10 
PS 3 D.I.N. 4 Pin____._.._._........_.._...0.14 

4 D.I.N. 5 Pin 180°.___.___.._.._0.15 
5 D.I.N. 5 Pin 240°__._.._....__...._0.15 
6 D.I.N. 6 Pin_.._.__..___..._.._...........0.18 
7 D.I.N. 7 Pin_ ..___.._._.._..._..._._._.0.17 
8 Jack 2.5mm Screened....._..._...0.17' 
9 Jack 3.5mm Plastic 0.11 

10 Jack 3.5mm Screened.._.__._0.17. 
11 Jack Plastic.._.._......_......_.._._0.14 
12 Jack '" Screened.........._....____0.20 
13 JackStereo Screened.... -__0.33 
14 Phono_ ............................_...................__0.09 
15 Car Aerial ..........................._...........__0.14 
16 Co-Axial...........___........_.........._._._0.14 

PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 
PS 

INLINE SOCKETS 
PS 21 D.I.N. 2 Pin (Speaker)...... ---0.13 
PS 22 D.I.N. 3 pin- 
PS 23 D.I.N. 5 Pin 180°. 0.1B 
PS 24 D.I.N. 5 Pin 240° 0.19 
PS 25 Jack 2.5mm Plastic. 0.16 
PS 26 Jack 3.5mm Plastic ...0.16 
PS 27 Jack }" Plastic. 0.28 
PS 28 Jack }f" Screened.- 0.32 
PS 29 Jack tereo Plastic_ .. .........._._0.28 
PS 30 Jack Stereo Screened.. ..... ..__.._0.36 
PS 31 Phono Screened 0.17 
PS 32 Car Aerial 0.20 
PS 33 Co -Axial. .0.20 

SOCKETS 
PS 35 D.I.N. 2 Pin (Speaker)_..__...__0.07 
PS 36 D.I.N. 3 Pin.__..__._.._........._.____.0.08 
PS 37 D.I.N. 5 Pin 180°..._ ..................__..0.09 
PS 38 D.I.N. 5 Pin 240° ....................._...0.10 
PS 39 Jack 2.5mm Switched... ---0.11' 
PS 40 Jack 3,5mm Switched .0.11 
PS 41 Jack Switched........_......._.._.._...0.19 
PS 42 Jack Stereo Switched...................0.28 
PS 43 Phono Single..._...._....._.._........._._.._0.07 
PS 44 Phono Double_...._ ...............__...0.08 
PS 46 Co -Axial Surface...._ .................._.._.0.08 
PS 47 Co -Axial Flush...._._.._.....__...._._.._.0.19 

'l'111A1.1. . 
'RECORD CASES 

7 in. E.P. 181 x 7" x 8" (50 records) *£2.48 
12 in. LP. 31" x 7I_' x 12}" (50 records) 

-*£3.30 
CASSETTE CASES 

Holds 15. 10" x 31" x 5". Lock and handle 
-*£1.6) 

8-TRACK'CARTRIDGE CASES 
Holds 14. 13" x 5" x 6". Lock and- *handdllee 

Holds 24. 131' x 8" x 5I". Lock and ha rile 
-*£3.20 

INSTRUMENT CASES 
(In 2 sections, Black Vinyl covered top and 

sides and bezel) 

No. Length Width Height Price 
BV1 8" x 5f" x 2" *21.25 
BV2 11" x 6' x 3" *21.82 
BV3 6" x 41" x 11" *6.92 
BV4 9" x 5}.' x 2-1" *21.339 

AUDIO ACCESSORIES 
CROSSOVER NETWORK 

K4007 1/P Impedance 8 ohms. Insertion 
.12 -way Loss 3dB. Crossover, Frequency 
3KHz 

PRICE: £1.120 

S221 5 pin DIN plug to 4 phono plugs 
length 1.ßm._..__._-_.__.._£1.08 

S222 5 pin DIN plug to 5 pin DIN socket 

S237 5 pin DIN plug_ to 5 pin DIN plug, 
mirror image length 1.5m._...._..£1.20 

S238 2 pin DIN plug to 2 pin DIN socket 

S270 2 pin DIN plug to 2 pin DIN socket 

5271 5 pm DIN plug to phono plugs con- 
nected to pins 3 & 5 length 1 5m70p 

S275 5 pin DIN plug to 2 phono sockets 
connected to pins 3 & 5 lengqth 
23cm. 88p 

S318 5 pin DIN socket to 2 phono plugs 
connected to pins 3 & 5 length' 
23cm BSP 

S404 Coiled stereo headphones extension 
cord extends to 7m ..........................£1.40 

S217 3 pin DIN plug to 3 pin DIN plug 
length 1.5m._ 80p 

S219 5 pin DIN plug to 5 pin DIN plug 
length 80 

S474 
3.5mm 

Jack to 3.5mm Jeck lengtó. 

S600 5 pin DIN plug to 3.5mm Jack con- nected6ó88 to pins 3 & 5 length 1.5mSOp 
S700 5 pin DIN plug to 3.5mm Jack con- 

nected to pins 1 & 4 length 1.5m8Op 

AK 
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EXPERIMENTS 
WITH 

OPERATIONAL 
AMPLIFIERS 

learning by Doing 

GEORGE 8. CLAYTON 

ANOTHER 
SPECIAL 
OFFER 

1,000 copies of this brand new book are now in our warehouse and available 
at a special low price to readers of Radio & Electronics Constructor. 
Paperback Hardcover 
(Published Price £3.35) (Published Price £7.95) 
£2.65 (save 70p) £6.50 (save £1.45) 
Both prices include postage and packing. 

A Companion to Linear Integrated Circuit Applications which we pre- 
viously offered you, this book covers a wide range of practical operational 
amplifier applications. It gives circuits which include component values, and 
suggests measurements that can be made in order to study circuit action. 
FROM THE AUTHOR 

.. the quickest way to learn about operational amplifiers is actually to use 
them in working circuits. It does not matter very much if a wrong connection 
is made in the experimental circuits, the operational amplifier type suggested 
for use in this book will tolerate quite a few mistakes and even if you destroy 
it it should not break you. If resistor values suggested in the circuits are not 
at hand try other values, electronic systems will work (in a fashion) with 
a considerable range of component values. 

CONTENTS 
1 Basic Operational Amplifier Ideas 

2 Basic Operational Amplifier Applications 
3 Operational Amplifier Circuits with a Non-linear Response 

4 Some Signal Processing and Measurement Applications 
5 Operational Amplifiers used in Switching and Timing Applications 

6 Operational Amplifiers used for Signal Generation 
Appendix Operational Amplifier Performance Errors 

To: Data Publications Ltd., 57 Maida Vale, London W9 1SN. 

Please send me within 21 days copy/copies of 
EXPERIMENTS WITH OPERATIONAL AMPLIFIERS 
paperback D hardback (please tick required edition) 

I enclose Postal Order/Cheque for £ 

Name 

Address 
(Block Letters Please) 
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HOME RADIOCOMPO TS 

On a cold dark winter's evening, with the 
rain lashing down and the wind howling 
around, there's nothing I like better than 
to curl up in front of a fire, with tea and 
toasted scones at my side . . . and my 
catalogue on my lap. I then start choosing 
the bits and pieces for my next project. 
Home Radio Components had sent me 
one of their special order packs, so I had 
six order forms and six pre -paid addressed 
envelopes to simplify my job. I've now 
gone even one better. When I've written 
out my order, I pick up the phone and 
order direct. This was another thoughtful 
idea of Home Radio. They've made it easy 
for anyone to open a Credit Acount 
without the delay and formality of 
references and all that fiddle faddle. Once 
you have an account, you can order 
anything, any time during the 24 hours! 
Just think what a boon that is, if you run 
out of wire or solder late at night. 

Mow ABOUT YOU? 

Today's finest Components 
Catalogue 85p plus 45p PPAOCKINST 

& 
G 

POST THIS COUPON 
with cheque or PO for £1.30 

The price of £1.30 applies only to customers in the 
UK and to BFPO Addresses. 

I expect by now you're itching to know how to get in on this. It's 
really quite easy; but for a start you need the fabulous Home 
Radio Components Catalogue. It costs 85 pence, plus 45p post 
and packing; but with the catalogue you get 14 vouchers, each 
worth 5 pence when used as directed, so you can recover 70 
pence of your investment. Why hesitate any longer? Post off 
the coupon below today, with your cheque or PO for £1.30, 
and join the merry band of Armchair Shoppers! 

r 
Please write your Name and Address in block capitals 

NAME 

ADDRESS 

HOME RADIO (Components) LTD., Dept. RC 

234-240 London Road, Mitcham, Surrey CR4 3HD 

1 

Regd. No. 912966, London 
.j 

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

STEREO MIXER 

A comprehensive design which 
allows four separate stereo signals 
to be combined at any required 
mixing level. A particularly attrac- 
tive feature is that the constructor 
may adapt the circuit to obtain in- 
put impedances and sensitivities 
tailored to his particular re- 

quirements. 

A multi -channel audio mixer is one of the most 
useful pieces of equipment to have around the audio 
workshop, especially if one is interested in tape recor- 
ding or electronic music. Many would-be constructors 
are no doubt daunted at the prospect of building such 
a unit due to the circuit complexity of a mixer having 
integral pre -amplifiers and giving stereo operation. 

The mixer described in this article has four stereo 
inputs as well as built-in pre -amplifiers, but by using 
modern integrated circuits the unit has been kept as 
simple as possible. Only three integrated circuits are 
used to provide an array of no less than ten amplifiers. 

Approximate input sensitivities (r.m.s.) and im- 
pedances of the unit are as follows: 

Input A, 0.2mV into 200n (for dynamic 
microphones), 

Fig. 1. A simple four 
channel passive mixing 
network. The fixed resistors 
should have values well in 
excess of those of the 

potentiometers. 

Input A 

By R. A. Penfold 

Input B, 4mV into 50kû (for dynamic microphones 
with transformers), 
Input C, 25m V into 100kû (for guitars, etc), 
Input D, 135mV into 1.5Mû (for ceramic pick-ups, 
tuners, etc.). 
As will become apparent later, these inputs can be 

altered to suit particular requirements. This is an im- 
portant factor as, obviously, individual requirements 
may vary considerably. The input sensitivities men- 
tioned above are for an output of 500mV r.m.s. at an 
impedance of loon. The pre -amplifiers have a con- 
siderable overload margin before serious distortion 
occurs. 

A mains power supply is employed, as the current 
consumption of 30 to 40mA at 12 volts would make 
battery operation uneconomic. 

BASIC MIXER CIRCUIT 
Fig. 1 shows the basic circuit of a four channel 

audio mixer. This is a simple passive network and is 
really an adding circuit, the output being the sum of 
the inputs. 

Four equal value potentiometers provide individual 
gain controls for the four channels. The four fixed 
resistors give isolation between the potentiometers; if 
these were omitted the setting of each gain control 
would affect the output level of the other three 
channels. The values of the fixed resistors should be at 
least equal to the value of each potentiometer mul- 
tiplied by the number of channels, and should 
preferably be a good deal greater than this to give 
really good isolation between the controls. 

Input B 

Output 

Input C Input D 
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1/4 CA34OIE 
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C3 

VR1 

RI4 
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C4 
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13 
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RIS 
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Fig. 2. The circuit of the left-hand channel of the stereo mixer, less the power supply. The right-hand 
channel is identical and employs the unused sections of the three integrated circuits 

PRACTICAL CIRCUIT 
The circuit diagram of the four channel stereo mix- 

er is given in Fig. 2. This is less the power supply sec- 
tion, and is shown for one stereo channel only. 

VR1 to VR4 and R14 to R17 form the actual mixing 
part of the circuit. A separate pre -amplifier is provid- 
ed ahead of each potentiometer to give the required 
sensitivity and input impedance. The output from the 
mixer circuit is then fed to a further amplifier. This 
makes good the losses in the mixer and boosts the out- 
put to a high enough level to drive virtually any tape 
recorder or amplifier. It also provides the unit with a 
low output impedance. 

Two R.C.A. CA3401E integrated circuits are used 
as the basis for the pre -amplifiers. Each of these i.c.'s 
comprises what are described as four operational 
amplifiers. However, although these have the usual 
inverting and non -inverting inputs, they cannot be 
used in quite the same circuit configurations as a con- 
ventional operational amplifier such as the 741. 

These devices are intended to operate from a single 
rather than a double supply. They are biased by a 
resistor connected between the output and the inver- 
ting input, and a second resistor which connects 
between the non -inverting input and the positive 

supply rail. The resistors can have values lying 
between a few kilohms and a few megohms. The input 
signal is coupled to the inverting input of the amplifier 
via a d.c. blocking capacitor and a third resistor. 

This third resistor determines the input impedance 
of the circuit and also helps to determine the voltage 
gain. Selecting resistor values for specific input im- 
pedances and gains is extremely simple. The resistor 
in the input circuit is given the value of the required 
input impedance. This value is then multiplied by the 
required voltage gain and the result gives the value of 
the resistor which connects between the output and 
the inverting input. The remaining bias resistor is ap- 
proximately double this value. 

As will be seen by referring to Fig. 2, all four pre- 
amplifiers use this simple arrangement. The circuit 
has purposely been designed this way so that the pre- 
amplifiers can be easily adapted to suit individual 
requirements. If, for instance, a mixer for four 
dynamic microphones were required, this would be 
achieved by simply using the component values 
shown for the dynamic microphone pre -amplifier in 
all the pre -amplifiers. By following the details just 
given, one could also design for input sensitivities and 
impedances to meet other requirements, within 
reason, while still retaining the physical component 
layout of the prototype. 
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COMPONENTS 

Resistors 

(All fixed values miniature ; watt or } watt 5%) 
R1, R1(a) 100kí1 
R2, R2(a) 220û 
R3, R3(a) 56kû 
R4, R4(a) 1Mû 
R5, R5(a) 47kû 
R6, R6(a) 560kû 
R7, R7(a) 390k 
R8, R8(a) 100kû 
R9, R9(a) 220kû 
R10, R10(a) 1Mû 
R11, R11(a) 1.5Mû 
R12, R12(a) 560kû 
R13, R13(a) 3.3kû 
R14, R14(a) 47kû 
R15, R15(a) 47kû 
R16, R16(a) 47kû 
R17, R17(a) 47kû 
R18, R18(a) 39kû 
R19, R19(a) 820) 
R20 470a 
VR1, VR1(a) 5kû potentiometer, log, 2 -gang 
VR2, VR2(a) 5kû potentiometer, log, 2 -gang 
VR3, VR3(a) 5kû potentiometer, log, 2 -gang 
VR4, VR4(a) 5kû potentiometer, log, 2 -gang 

Capacitors 
Cl 100µF electrolytic, 16V Wkg. 
C2, C2(a) 32µF electrolytic, 10V Wkg. 
C3, C3(a) 10uF electrolytic, 16V Wkg. 
C4, C4(a) 0.47µF plastic foil, type C280 (Mullard) 
C5, C5(a) 10µF electrolytic, 16V Wkg. 
C6, C6(a) 0.1µF plastic foil, type C280 (Mullard) 
C7, C7(a) 10µF electrolytic, 16V Wkg. 
C8, C8(a) 0.047µF plastic foil, type C280 (Mullard) 
C9, C9(a) 10µF electrolytic, 16V Wkg. 

C10, C10(a) 0.47pF plastic foil, type C280 
(Mullard) 

Cll, C11(a) 10012F electrolytic, 10V Wkg. 
C12, C12(a) 2,200pF polystyrene 
C13, C13(a) 10µF electrolytic, 16V Wkg. 
C14 1,000µF electrolytic, 25V Wkg. 
C15 400pF electrolytic, 16V Wkg. 

Transformer 
Tl Mains transformer, secondary 6-0-6V at 100mA 

Semiconductors 
IC1, IC1(a) CA3401E 
IC2 MC1339P 
TRl 2N5172 
D1 -D4 1N4002 
D5 BZY88C13V 

Switch 
Sl(a)(b) d.p.s.t. toggle 

Sockets 
SKl, SK1(a) 3.5mm. jack socket 
SK2-SK5 3 -way DIN 

Miscellaneous 
2 -off "Universal Chassis" sides, 2 x 14in. (Home 
Radio) 
2 -off "Universal Chassis" plates, 5 x loin. (Home 
Radio) 
4 -off control knobs 
Veroboard, 0.1in. matrix (see text) 
Veroboard, 0.15in. matrix (see text) 
Veropins (for 0.lin. Veroboard) 
Aluminium sheet, for screen 
Screened wire 
3 -core mains lead 
Hardware, materials for case, etc. 

OUTPUT AMPLIFIER 
The output amplifier is based on the Motorola 

MC1339P integrated circuit, which is an inexpensive 
high quality low noise stereo pre -amplifier. It has a 
typical channel separation of 70dB and an open loop 
gain of 66dB. 

Each of the input pre -amplifiers has an output of 
50mV, but after the attenuation of the mixer network 
this is reduced to only about 12.5mV. The output 
amplifier therefore needs a voltage gain of about 
32dB or 40 times, to raise the output to the required 
500mV level. The ratio between the feedback resistors 
R13 and R19 sets the voltage gain at approximately this level. 

C12 provides high frequency roll -off and prevents 
the circuit from oscillating at an ultrasonic frequency. The input of the device receives a bias current via R18 and an internal resistor in the i.c. Cll prevents a.c. 
negative feedback via these resistors, and the remain- 
ing high level of d.c. feedback produces very stable 
biasing. 

Signals at the output of the mixer network are 
coupled to the input of the i.c. via C10, and the output 
of the i.c. is taken via C13 to the output socket. 

As the MC1339P has internal supply filtering and 
regulation, Cl is the only discrete decoupling compo- 
nent that is required for the complete circuit. 

The pin functions for the CA3401E and MC1339P 
are shown in Fig.i 3. A regulated output is available at 
pin 2 of the MC1339P, but this is not employed in the 
present circuit and no connection is made to the pin. 
Both the i.c.'s are available from several retail sources. 

MCI339P 
Top view 

VCC 
tener 

Feedback I 

Roll -off I 

Output I 

Input return I 

Input I 

Amp earth +Input I 

Rge earth tlnput 2 

Feedback 2 -Input 2 
Poll -o11 2 Output 2 

Output 2 Output I 

Input return 2 - Input 1 

Input 2 Earth 

CA34OIE 
Top view 

VCC 
+Input 3 

+Input 4 
-Input 4 
Output 4 
Output 3 

-Input 3 

Fig. 3. Pin functions of the integrated circuits 
employed in the four channel mixer 
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The rear of the mixer unit, illustrating the input 
and output sockets 

POWER SUPPLY 
The circuit diagram of the mains power supply sec- 

tion is shown in Fig. 4. 
Ti is a mains transformer with a 6-0-6 volt secon- 

dary. The centre -tap on this secondary is ignored. D1 
to D4 provide full -wave rectification and C14 
provides smoothing. R20 and D5 produce a stabilised 
13 volts, which is applied to the base of TRl. This is 
the emitter follower supply output transistor and, 
with a drop of almost 1 volt between its base and 
emitter, gives a low impedance output of fractionally 
more than 12 volts. 

A.C. 

mains 

BZY88C13V 

2N5172 

Lead -outs 

Fig. 4. The circuit of the power supply section 

COMPONENTS 
The accompanying Components List shows all the 

parts required for the stereo mixer. Since there are 
two stereo channels a- number of components are 
duplicated, and this is indicated by listing a second 
component with the suffix `(a)'. The choice of stereo 
channel is quite arbitrary, and it will be assumed that 
the components without a suffix letter appear in the 
left-hand channel, whilst those with the suffix `(a)' are 
in the right-hand channel. The potentiometers VR1, 
VR1(a) to VR4, VR4(a) are four two -gang poten- 
tiometers. Four of the sockets, SK2 to SK5, are 3 -way 
types common to both channels. 

p 

CASE CONSTRUCTION 
An attractive home-made case for the mixer is easi- 

ly constructed from Home Radio "Universal Chassis" 
members. Two 14in. by 2in. sides form the main 
framework of the case, and these are drilled as 
detailed in Fig. 5. 

In the prototype mixer 3 -way DIN sockets are used 
for SK2 to SK5, and 3.5mm. jack sockets are used for 
SKl and SK1(a). These can of course be altered to 
other types should it be felt necessary. The hole for 
the mains input lead is fitted with a grommet. 

Four 90° sections are cut out of the two flanges of 
each "Universal Chassis" side, two out of each flange. 
These are removed 2+in. from the flange ends, as 
shown in Fig. 5. The two members can then easily be 
bent at right angles at these points to form two U- 
shaped pieces. These are bolted together using short 
4BA bolts with nuts. The method of assembly is 
shown clearly in the photographs of the interior. The 
pieces should be bolted together such that the holes 
for Si and the mains lead are both at the left side of 
the case, as seen from the front. 

Next, cut out two 5+ by 2+ by 1 in. pieces of chip- 
board, and cover these with a self-adhesive plastic 
material having a wood -grain pattern. These are then 
screwed to the ends of the framework, to produce a 
case of the "book -ends" type. 

Two loin. by 5in. "Universal Chassis" plates form 
the top and bottom panels of the case. These are cut 

SCREEN 
Dia to suit Si 

13/4` 0" I 

Bend at approx 120° 

5/8° 

21/24 11/4" 21/4" _3/4 1 3/4 11/8' 11/84 11/8 T 
o 

I/2 dia 1/4 
dia 

( 
V 

Mains input 

tKSQ SIi \ â 

SKIa SK2 REAR 

21/24 

90° sections removed from flanges 

90°bend VR1/la 
Dia to 

suit Si \ 
3/ééie 90° bend Io,/ 51 VR2Q/2a ' \ 

FRONT 
VR3/3a VR4/4a 

21/24 13/8 17/8 I1/2u11/24 I1/2° I 11/4 21/24 

Fig. 5. Details of the screen and the two 
chassis members which, after bending, form 

the sides of the case 
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down in length so that they become a snug fit between the end cheeks of the case. The base plate is bolted to the bottom set of flanges of the case by four short 6BA 
bolts with nuts. The top plate is secured to the upper 
set of flanges using four self -tapping screws. 

An internal screen shields the power supply section 
from the mixer circuitry. This is very easily made 
from 16 to 24 s.w.g. aluminium, as shown in Fig. 5, and it is secured behind the front panel on the moun- ting bush of Si. 

MAIN CIRCUITRY 
The bulk of the circuitry is assembled on a 5 by 

Veroboard panel of Olin. matrix. This is a stan- 
dard size board and does not need to be cut from a 
larger piece. Complete details of the panel are shown 
in Fig. 6. 

Start by cutting the copper strips at the points 
shown in the diagram, using the special spot face 
cutter tool. Then drill the two 6BA clearance moun- ting holes with a No. 31 twist drill. 

Wiring of the panel can then commence. The longer 
link wires are insulated, and it is probably easiest if 
these and the integrated circuits are soldered in first. The latter are not fitted in sockets but are carefully 
mounted direct onto the panel. The remaining com- 
ponents can then be fitted and soldered, one by one, 
until the panel is finished. 

A large number of components are assembled in a 
comparatively small space, and a soldering iron hav- 
ing a miniature bit (min. or less) is really necessary 
when wiring up the panel. Even then, great care must 
be taken not to bridge any of the copper strips with ex- 
cess drips of solder. 

Detail showing the position taken up by the 
screen between the power supply and signal 

sections 

Looking down into the chassis. The positioning 
and orientation of the two Veroboard panels is 

clearly visible here 

Veropins are used where leads from the poten- 
tiometers and sockets, etc., connect to the panel. The 
negative supply is carried to the panel via a lead 
which connects to a 6BA solder tag secured Under one 
of the mounting nuts for the panel. 

Eight leads are indicated in Fig. 6 as connecting to 
VR1 to VR4(a). These leads connect to the maximum 
volume (i.e. non -earthy) ends of the tracks of these 
potentiometers. Since R14 to R17 all have the same 
value the sliders of the left-hand channel poten- 
tiometers can connect to any of these and do not 
necessarily have to follow the circuit diagram. In con- 
sequence, the four sliders of VR1 to VR4 connect to 
any of the four points marked "L.H. IN". The same 
applies to R14(a) to R17(a), and the sliders of VR1(a) 
to VR4(a) can connect to any of the points marked 
"R.H.IN". To avoid confusion it is necessary to adopt 
a convention with the two -gang potentiometers, and 
the front sections of these can be in the left-hand 
channel and the rear sections in the right-hand 
channel. 

When completed, the Veroboard panel is mounted 
on the base of the cabinet using. two 12in. 6BA bolts, 
with the bolt heads under the base. It is positioned as far to the right of the cape as possible, between the 
gain controls and input sockets. Extra nuts are placed 
over each mounting bolt between the base and the panel to space the panel a little way clear of the bot- 
tom of the case. 

The wiring between the gain controls, input sockets 
and component panel is then completed. All the leads 
to the input sockets are screened, and the. outer 
braiding is earthed to chassis at the sockets. The 
earthy ends of the gain control potentiometer tracks, 
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Fig. 6. The mixer components are assembled on a Veroboard panel. Connections to the input sockets 
and the gain controls are described in the text 

both left and right channel, are all connected together, 
and are then taken to chassis at a solder tag at the 
VR4/4(a) end, the tag being held under one of the 
nuts securing the base plate. The wiring between the 
potentiometers and the component panel does not 
have to be screened, but the leads should be kept as 
short and direct as is reasonably possible. 

POWER SUPPLY WIRING 
The power supply section, apart from the mains 

transformer, is wired up on a 0.15in. matrix 
Veroboard panel having 11 by 16 holes. The copper 
strips run across the width of the board and none of 
these are cut. Details of the panel are given in Fig. 7. 
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Start construction of this by cutting an 11 hole sec- 
tion of board from a piece 22 in. wide, then drill out the 
two 6BA clear mounting holes. The various com- 
ponents and the single link wire can then be soldered 
in position. 

Next connect the two secondary leads from 

Fig. 7. The power supply components are wired 
up on a second Veroboard panel 

transformer Tl. Solder a lead from the negative out- 
put on the panel to a solder tag which can be fitted un- 
der one of the mounting nuts securing Tl. Fit, also, a 
lead which will take the positive output to the ap- 
propriate Veropin on the main component panel. The 
power supply panel is then mounted by means of two 
1 zin. 6BA bolts in the same way as was the component 
panel. It should be to the rear of the case and on the 
extreme left-hand side. Connect the positive output 
lead to the main component panel, then mount Ti 
just behind Sl. Fit the screen of Fig. 5 by means of the 
mounting bush of Sl, so that it takes up the position 
shown in the photographs. 

A view from the rear with the cover removed 

To complete the unit, the 3 -core mains lead and the 
primary of T1 are wired up, with S1 in the live and 
neutral leads as indicated in Fig. 4. The mains lead 
earth wire is soldered to the tag under the mounting 
nut for Tl. The mains lead should be correctly ter- 
minated in a fused .3 -way plug. 

6BA clear 
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TESTING 

Direction 
of 

strips 

T1 sec. Earthed to solder tag at T1 

Before turning the unit on,. check all the wiring 
thoroughly then connect a multimeter switched to 
read voltages around 12 volts across the supply rails. 
Upon switching on this should give a reading of 12 
volts. If a significantly different reading is obtained, 
switch off at once and recheck the wiring. 

If and when a correct reading is obtained, connect 
the output of the mixer to an amplifier via a screened 
lead, and then confirm that all eight inputs are being 
properly controlled by the four potentiometers. 

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

We retain past issues for a period of two years and we can, Occasionally, supply copies more than two years old. The cost is the cover price stated on the issue, plus 11p postage. 

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

We regret that we are unable to supply photo copies of articles where an issue is not available. Libraries and members of local radio clubs can often be very helpful where an issue is not available for sale. 
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RECENT PUBLICATIONS g 
HI-FI LOUDSPEAKERS AND ENCLOSURES, 2nd Edition. By Abraham B. Cohen. 448 pages, 210 x 
135mm. (8+ x 5+in.) Published by Newnes-Butterworths. Price £5.80. 

The arrival of this book on the reviewer's desk was like the re -appearance of an old friend, since in 
the past he has obtained much help and information from it in its first edition form. Appearing now as 
an extensively revised and updated second edition, the book covers recent advances in stereo 
reproduction, dealing also with three -element stereo and advances in enclosure design. 

The book is divided into five parts, the first four of these discussing the loudspeaker, the enclosure, 
the listening room and stereo practice. The fifth part describes acoustic measurements and the 
building of enclosures. In the latter instance dimensioned drawings are given for no less than 27 
different enclosures, the constructional information for which was provided by seven leading 
loudspeaker manufacturers. 

This work is of an authoritative nature and will be of especial value to the home -constructor who 
is interested in high fidelity reproduction and to the owner or prospective purchaser of a packaged 
audio system. It is extensively illustrated with clear line drawings and photographs, and the text is at 
all times straightforward and lucid. 

TRANSISTOR ELECTRONIC ORGANS FOR THE AMATEUR, 3rd Edition. By Alan Douglas, 
Sen.M.I.E.E.E., A.I.S.O.B. and S. Astley. 127 pages, 135 x 220mm. (5+ x 81in.) Published by Pitman 
Publishing Ltd. Price £4.50. 

This third edition of Transistor Electronic Organs For The Amateur has been completely revised 
for its present printing. As with the previous editions the emphasis is towards providing information 
which will be of assistance to the amateur constructor and designer of electronic organs. 

The first chapter of the book deals with the terminology employed in the field of organs whilst the 
second gives an introduction to transistor basics. The third chapter, devoted to electronic organ 
designs, is the longest in the book and takes in power supplies, oscillators, frequency dividers, 
vibrato, waveshaping and other relevant aspects of organ functioning. Integrated ciruits encountered 
in this chapter include the TCA430-N, which can provide four RC oscillators, the SAJ110 seven - 
stage frequency divider and the TCA250A double filter amplifier. The fourth chapter provides further 
transistor organ circuits whilst the fifth and last deals with miscellaneous experimental circuits, 
amplifiers and speakers. 

There are five appendices which give colour coding, a frequency table for tonal derivations, 
a glossary of organ stops, a table relating British and American instrument wires and a nomogram for 
inductive and capacitive resonance at audio frequencies. 

PRACTICAL TRIAC/SCR PROJECTS FOR THE EXPERIMENTER. By R. W. Fox. 197 pages, 215 x 
130mm. (82 x 5'-+in.) Published by Foulshan-Tab Limited. Price £1.80. 

This book consists of an American text with an introductory chapter for English readers, and it 
covers the whole field of triggered solid-state devices. In addition to the triacs and SCR's in the title 
these include diacs, unijunction transistors, programmable unijunction transistors, silicon unilateral 
switches and silicon bilateral switches. 

The theoretical treatment in the book can be of considerable help to a technician or experimenter 
commencing work with these devices and there are very many practical working circuits illustrating 
the various ways in which trigger devices can be controlled. These are dealt with broadly in terms of 
static control and phase control. Other sections of the book cover motor control circuits, the heat - 
sinking of thyristors and the choice of thyristors for particular applications. 

Some of the circuits dealing with a.c. mains switching and control are applicable to American 1 1 7 
volt 60Hz supplies, but this does not detract greatly from what is an informative and detailed work. 

SERVICING TRANSISTOR RADIOS. By Leonard D'Airo. 230 pages, 215 x 130 mm. (81 x 51in.) 
Published b? Foulsham-Tab Limited. Price £1.95. 

This is another book having an American text with an introductory chapter for English readers. It is 
also a book which was written quite some years ago, although it has now been re -issued in 1975. 

These points having been made the book, whilst not being fully representative of the present 
scene, nevertheless provides a useful introduction to transistor operation and to transistor receivers. 
Much of the servicing information is straightforward and sensible, and is applicable in general to 
almost any generation of radio receiving equipment. It is apparent that this book has been popular 
over the years and this factor may well be the reason for its appearance now. 
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NEWS AND 
NEW RANGE OF CHINON HI-FI EQUIPMENT 

A completely new range of hi-fi equipment has been 
launched by Dixons under their exclusive Chinon 

brand name. This new equipment is also available in 
Wallace Heaton shops - part of the Dixons Group. 

We show in the accompanying photograph the 
Chinon TC5000D Cassette Deck. A switchable Dolby 
noise reduction circuit is built into the TC5000D. This 
deck, too, has facilities for both normal and chrome 
tape. The twin `VU' meters are supplemented by peak 
signal warning indicators. Separate sliding level con- 
trols are provided for recording from microphones or 
auxiliary sound sources making Mic/Line mixing 
possible. In addition to the usual digital tape counter 
the TC5000D has a built-in Memory system. A button - operated switch, coupled with the auto stop facili- 
ty, enables a specific point to be fixed on a cassette - 
in either recording or playback mode - so that the 
cassette stops automatically at the pre -determined 
point on the tape. Price £99.95. 

NEW TECHNOLOGY FOR OLD ESTABLISHED FOOTBALLCLUB 
One of the founder -members of the Football League, 
first division Aston Villa, are to become the next foot- 
ball to equip with a GEC 2050 seat reservation 
system from GEC Computers Limited. An order has 
been placed for a system to be installed early 
next year. 

Aston Villa's present box office methods are 
manual and involve a considerable amount of handl- 

ing, sorting and storing of books of pre-printed tickets. 
The new GEC 2050 system will enable box office staff 
to rapidly call up a visual display showing the state of 
sale of any chosen block of seats for any forthcoming 
match. Tickets are printed on the spot as required 
and, simultaneously with the action of printing, ac- 
countancy and statistical records are updated on the 
computer memory automatically. No specialist com- 
puter knowledge is necessary to operate the system. 

INGENIOUS AERIAL MAST FIXING FROM RAWLPLUG 
The Rawlplug Company Limited have just released 
an ingenious new fixing for television and radio aerial 
masts. Called the Rawlplug SSB1, the new self- 
supporting bracket outdates the traditional and time- 
consuming lashing kit. With the SSB1, aerial rigs can 
be safely and strongly fixed in less than two minutes. 

The SSB1 is ready assembled and features two ad- justable arms which are clipped into the mortar joints 
of brickwork and locked by a single bolt. 

The SSB1 offers professional aerial riggers more 
rigging opportunities a day and yet is simple enough 
for the do-it-yourself enthusiast. 

Ideal for the majority of domestic aerial in- 
stallations, the Rawlplug SSB1 has a recommended 
retail price of £2.21 plus VAT at 8%. Trade enquiries 
to Roger Walker, The Rawlplug Company Limited, 
Rawlplug House, 147 London Road, Kingston-upon- 
Thames, Surrey, KT2 6NR. 

SSB i Product Manager, Roger 
Walker, demonstrates his com- 
plete faith in the product on the 
4th floor of Rawlplug House. 
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COMMENT 
VEROELECTRONICS LEADSHEARS 
Vero Electronics Ltd of the Industrial Estate, 
Chandler's Ford, Eastleigh, Hants have announced 
the introduction of their Leadshear range of low cost, 
high quality cutters. Leadshears have been designed 
to offer a long life with efficient economical cutting of 
wire. 

A quick return spring allows continuous operation 
without adjustment. The cutters themselves are oil 
hardened and are fitted with non -slip light weight 
grips for ease of use. 

Type 74-0476D has a unique cut'n'catch action 
which guarantees against flying ends and thus meets 
the new safety requirements which are being applied 

in industry. All types are available on an ex -stock 
basis. 

WORLD RADIO CLUB 
Consequent upon a recent World Radio Club broad- 
cast in the BBC's World Service, in which our 
Technical and Production editors were guests, we 
have taken an increasing interest in this weekly 
transmission. Although primarily intended for 
overseas listeners, the programme can be picked up 
satisfactorily in most parts of the UK. In addition to 
giving information of use to DX listeners, technical 
matters of interest are dealt with in an informative 
and not too technical fashion, and are therefore of 
particular value to less advanced constructors. In the 
broadcast received just before these notes were 
written, the subjects of resonance and aerial tuning 
units were dealt with in an easily assimilated manner. 

Broadcasts are on Wednesdays at 13.30 repeated on 
Sundays at 08.15 G.M.T. In Southern and Eastern 
England we found reception was best on 276 metres, 
and in the West Country on 49 metres. 

Readers interested in becoming members of the 
World Radio Club should write to World Radio Club, 
BBC World Service, Bush House, London. 

LASERS MEASURE RUST 
Lasers have been used in a novel way for measuring in 
an inaccessible part of a nuclear power station. 
Britain's Central Electricity Generating Board has 
devised an instrument, cylindrical in shape and only 
150 millimetres in diameter which can be lowered into 
steel tubes to check for corrosion, it was reported on a 
BBC science programme. 

It contains two lasers. One laser produces pulses of 
focused which actually blast a tiny hole in the rust. 
The other laser a beam of light into the hole. The in- 
strument can detect the light which is reflected back 
when the bright metal underneath the rust is exposed. 
The number of laser pulses needed to penetrate the 
rust is an indication of its thickness. 

Dr D. T. -Swift-Hook,who described the instrument 
at a meeting at the Royal Society in London, said that 
it was like measuring rust by scraping it off with a 
penknife - but more accurate. 

HENRY'S-LINDAIR OPERATE NEW 
'PART EXCHANGE SCHEME' 
Henry's-Lindair, one of Europe's largest hi-fi and 
audio retail groups, operate a new Part Exchange 
Department within the group. This scheme is one 
more step in the planned expansion programme of the 
company which coincides with the opening of two new 
units in Reading and Notting Hill Gate, London. 

While Part Exchange has been an accepted part of 
allied electrical goods retailing, there is no such 
`trade-in' facility for customers in the hi-fi and audio 
business which gives customers the opportunity to off- 
set the cost of their new equipment with such a 
straightforward transaction in one store. 

Customers who bring their old equipment into any 
Henry's-Lindair store will be given a reasonable 
`trade-in' allowance by fully trained salesmen which 
they may then use against the purchase of new equip- 
ment from that particular store. The trade-in equip- 
ment will then be passed to the Service Department, if 
necessary, where it will be tested and overhauled. It 
will then be sold through one of the group's newly es- 
tablished Bargain Centres in Edgware Road and 
Tottenham Court Road, London, with a three months 
guarantee. 
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--LU GGESTED H 303 ;srEo CIRCUIT 303 

Battery Voltage 
Monitor 

It is common practice in battery 
operated test equipment to fit a simple 
zener diode voltage stabilizer circuit 
for any stages which require a constant 
supply voltage. In many instances this 
consists of a zener diode coupled to an 
emitter follower. Alternatively the cir- 
cuit may quite simply employ a zener 
diode on its own. 

The only disadvantage with these 
circuits is that if the supply voltage is 
not monitored it may fall, as the 
battery ages, to a level which is too low 
for the stabilizing action to take place. 
The user of the test equipment may 
continue to employ it unaware that the 
stabilized voltage is no longer present, 
whereupon the equipment may offer 
incorrect readings or results. 

This article describes a comparator 
circuit which causes the stabilized 
voltage to be abruptly reduced to a 
very low value when the supply 
battery voltage falls to a pre- 
determined level. Thus, as soon as 
battery voltage approaches the level at 
which stabilization ceases, the equip- 
ment shuts down and will not function 
until a new battery has been fitted. 
ZENER CIRCUIT 

A typical zener diode and emitter 
follower circuit is illustrated in Fig. 1. 
In this, a small current flows via R1 
into the zener diode ZD1, across which 
a stabilized voltage appears. The junc- 
tion of R1 and ZD1 connects to the 
base of the transistor TR1, the emitter 
of which feeds the stabilized voltage, 
less the voltage dropped in the base - 
emitter junction, to the stage or stages 
being supplied. The circuit has the 
merit that nearly all of the stabilized 
supply current flows through the tran- 
sistor, whereupon the current flowing 
in RI alters only slightly despite wide 
chances in the current drawn from the 
transistor emitter. Also, the zener 
diode current can be kept low, thereby 

By G. A. French 

giving an economy in overall battery 
current. 

Fig. 2 shows the stabilizing circuit of 
Fig. 1 modified to function as a battery 
voltage monitor. The components 
which are added are a 741 operational 
amplifier functioning as a voltage com- 
parator, a pre-set potentiometer, a fix- 
ed resistor and another zener diode. 
The idea of using a 741 i.c. as a battery 
voltage comparator is not new, and 
was employed in the "Battery Condi- 
tion Indicator" described by P. R. 
Arthur in the October 1975 issue of 
this journal. The present circuit differs 
from the previous design which caus- 
ed a light -emitting diode to be il- 
luminated at the pre-set battery 
voltage level. 

Circuit operation in Fig. 2. is very 
simple. The stabilized voltage across 
ZD2 is applied to the inverting input of 
the i.c. whilst the voltage on the slider 
of R2 is applied to the non -inverting 
input. When the non -inverting input is 
positive of the inverting input the i.c. 
output is fully positive, allowing a 
current to flow through RI to ZD1, 
whereupon the stabilized voltage is 
present, as in Fig. 1, at the emitter of 
TR1. When the non -inverting input is 
negative of the inverting input the i.c. 
output swings fully negative, 

Fig. 1. A standard voltage 
stabilizing circuit for battery 

operated equipment 

whereupon the voltage across ZD1 and 
that at the emitter of TR1 falls to a 
very low level. R2 iè adjusted such that 
the changeover in i.c. output occurs 
when the battery voltage is at the 
minimum level for which satisfactory 
stabilization can take place. 

In practice the voltage at the 741 
output, when this is fully positive, is 
approximately 0.8 volt below the 
voltage on the positive supply rail. 
When it is fully negative the 741 out- 
put is about 1.75 volts above the 
negative rail. The output can readily 
supply currents up to some 10mA or so 
for R1 and ZD1. 

COMPONENTS 
In Fig. 2, TR1, RI and ZD1 may be 

the same components that would be 
employed in the circuit of Fig. 1. R2 
can be a small skeleton pre-set poten- 
tiometer and R3 a }watt 10% resistor. 
ZD2 may be a zener diode from the 
BZY88 series, having a zener voltage 
approximately equal to half the 
battery voltage. Thus it may be 
BZY88C4V7 for a 9 volt battery. The 
6.2 volt version may be used for a 12 
volt supply and the 7.5 volt version for 
a 15 volt supply. 

Fig. 2 shows the 741 in its 14 pin 
d.i.l. form. The 8 pin package may 

Stab. 

voltage TR' 

ZD 
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+9 to I5V 

TRI 

l 
Stab. voltage 

ici 
741 

10 

ZD1 

II 4 

R2 

500kn 

R3 

IOkn 

ZD2 

I 14 

7 a 

741 

Top view 

ZD2 -see text 

Fig. 2. The stabilizing circuit modified to function es a battery voltage monitor 

alternatively be employed. With this, 
pin 2 is the inverting input, pin 3 the 
non -inverting input and pin 6 the out- 
put. Also, pin 7 of the 8 pin package 
connects to the positive supply and pin 
4 to the negative supply. 

To set up the circuit, R2 slider is in- 
itially set to the centre of its travel and 
a voltage equal to that at which it is 

Fig. 3. Resistors should be in- 
serted in series with R2 if the 

supply voltage is high 

desired the circuit should trip is 
applied to the supply rails. A testmeter 
switched to a suitable volts range is 
connected between the 741 output and 
the negative supply rail. If the i.c. out- 
put is high the slider of R2 is moved 
slowly towards the negative end of its 
track until the point is reached at 
which the output suddenly changes to 

the low state. Conversely, if the i.c. 
output is low the slider of the poten- 
tiometer is moved towards the positive 
end of the track until the point of 
changeover is reached. 

If the battery supply is in excess of 
15 volts it is preferable to insert 
resistors in series with R2 as il- 
lustrated in Fig. 3. This circuit is 

22Okn 

R2 

500kn 

22Okn 

+15 to 24V 

suitable for battery voltages up to 24 
volts. Again, ZD2 should have a zener 
voltage approximately equal to half 
the battery voltage. 

The current drawn from the supply 
by the 741 circuit is approximately 
l.2mA at 9 volts, rising to about 2.6mA 
at 24 volts. 
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2 TRANSISTOR 

PERSONAL RECEIVER 
By A. P. Roberts 

A simple receiver design offering earphone reception on 
the medium wave band. A particularly attractive feature is the 

very low current consumption, this being less than 
1 mA from the 9 volt battery. 

Dual, gate m.o.s.f.e.t.'s can now be purchased at 
reasonable prices and this fact, together with their 
high performance as r.f. amplifiers, makes them an 
ideal choice for use in a simple medium wave t.r.f. 
receiver. The receiver described in this article 
employs a dual gate m.o.s.f.e.t. as a regenerative 
detector followed by a conventional high gain single 
transistor audio stage. 

Good reception of the usual B.B.C. medium wave 
transmissions is possible, and after dark (in the 
South -East of England) the author has also received 
many foreign stations. The output is suitable for a 
crystal earphone only, from which very good volume 
is obtained. An output in excess of 1 volt r.m.s. is 
possible on strong stations. 

The receiver is very simple to operate and has a 
single control only 

The receiver is quite compact, being housed in a 
commercially made plastic case having approximate 
dimensions of 4i by 3 by loin. There is no undue 
cramping of the components inside the case, and so 
the receiver is suitable for construction by a near - 
beginner. 

CIRCUIT OPERATION 
A very simple circuit is used, and this is shown in 

Fig. 1. 
Dual gate m.o.s.f.e.t.'s have extremely high input 

impedances and so it is possible to connect a tuned 
circuit direct to gate 1 of TR1 with a negligible loss of 
efficiency. In the present receiver, the tuned circuit 
given by L2 and VC1 is so connected. L2 is wound on a 
ferrite rod, and therby acts as a ferrite aerial coil. It 
also provides negative gate bias to TRl by holding the 
gate 1 at the same d.c. potential as the negative supply 
rail. VC1 is the receiver tuning capacitor and provides 
coverage of the entire medium wave band. 

R2 is the source bias resistor for TRl, with C2 as its 
bypass capacitor. Positive feedback, or regeneration, 
is provided between TRl drain and the ferrite aerial 
by way of Ll. Regeneration has several beneficial 
effects. First, it increases the gain of the circuit and, 
second, it gives a very marked increase in selectivity. 
A regenerative detector relies on the fact that the 
amplifying device amplifies half -cycles of one polarity 
more than those of the opposite polarity, and this 
provides a form of rectification and detection. 
Regeneration tends to increase the inequality of the 
two levels of amplification, and so also increases the 
efficiency of the detector. 

R1 is the drain load for TRl, and Cl bypasses most 
of the r.f. signal which is present across it. The 
remaining audio signal is fed to the base of TR2 via 
d.c. blocking capacitor C3. 

TR2 is a high gain transistor and is used as a com- 
mon emitter amplifier. It has R4 as its collector load 
resistor and R3 as its base bias resistor. Any small 
residual r.f. signal present at the collector of TR2 will 
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be in phase with gate 1 of TRi, and could cause in- 
stability. C4 is therefore included to bypass this 
remaining r.f. signal. 

The a.f. signal at TR2 collector is directly coupled 
to the crystal earphone. JK1 has a single make con- 
tact which switches the set on when the jack plug is in- 
serted into the socket, and turns it off again when the 
plug is removed. 

Power is obtained from a PP3 9 volt battery, and as 
the current consumption of the receiver is less than 
imA, this has a very prolonged life and running costs 
are extremely low. 

TRi may be a 3N140 or a 40673. Both have similar 
characteristics, but the 40673 also has integral diodes 
which protect the gate insulation from damage due to 
excessive gate voltage. There is a choice also for TR2, 
which may be a BC108C or BC109C. These tran- 
sistors can be obtained from a number of retailers. 
For example, the 3N140, 40673 and BC109C are 
available from Technomatic Ltd., 54 Sandhurst 
Road, London, N.W.9. The plastic case is available 
from H. L. Smith & Co. Ltd., 287 Edgware Road, 
London, W.2. 

C 

BC108C BC109C 
Lead -outs 

g2 

s-gl 
3N140 40673 

Lead -outs 

All the parts for the receiver are secured to the 
front panel of its case 

C3 

LI 

C 

L2 

VCI 

TRI 

3N140 
or 

40673 

C4 

TR2 

BC108C 
or 

BC109C 

+9V 

o 

V JK1 

Fig. 1. The circuit of the 2 transistor personal receiver. This switches on when an earphone plug is in- 
serted in the output jack socket 

COMPONENTS 
Resistors 
(All + watt 10%) 

Ri 5.6kû R3 2.7Mû 
R2 4.7kû R4 6.8kû 

Capacitors 
Cl 0.01µF plastic foil, type C280 (Mullard) 
C2 10µF electrolytic, 10 V. Wkg. 
C3 2.2µF electrolytic, 10 V. Wkg. 
C4 0.011.LF plastic foil, type C280 (Mullard) 
C5 0.1µF plastic foil, type C280 (Mullard) 
VC1 air -spaced variable (see text) 

Transistors 
TRi 3N140 or 40673 
TR2 BC108C or BC109C 

Socket 
JK1 3.5mm. jack socket (see text) 

Miscellaneous 
9 volt battery type PP3 (Ever Ready) 
Battery connector 
Crystal earphone with 3.5mm. jack plug 
Ferrite rod (see text) 
Large control knob 
Plastic case, 4+ x 3 x 1+in. approx. (H. L. Smith 

& Co., Ltd.) 
Plain Veroboard, 0.15in. matrix 
Connecting wire, etc. 
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3/4'`insulating tape 

illad1111d1Í 

'I : 

75 turns 
32 swg 

33/4"x 3/8'1errite rod 

Lead -outs approx.3'long 

I turn (single 
strand insulated 
connecting wire) 

Fig. 2. Details of the ferrite rod aerial assembly. 
Regeneration level is controlled by moving L 1 

along the rod 

FERRITE AERIAL 
The ferrite aerial is home-made, and is wound on a 

3i by ein. diameter ferrite rod. A rod of this length is 
not readily obtainable, and it will then be necessary to 
break a 3fin. length from a longer rod. This is easily 
done by first cutting a deep V-shaped groove around 
the circumference of the rod at the point where it is to 
be broken. The groove is made with the aid of a small 
triangular file. The rod is then broken over the edge of 
a workbench, and should give a fairly straight and 
clean break at the groove. There will be no adverse 
effect on performance if the break is a little jagged. 

Details of the two windings are shown in Fig. 2. Ll 
merely consists of a single loop of single strand in- 
sulated connecting wire which is slipped over one end 

receiver 
L2 consists of 75 turns of 32 s.w.g. enamelled or 

d.s.c. copper wire wound directly onto the rod. The 
winding starts tin. from one end of the rod, and a 
length of fin. wide insulating tape is used to hold the 
end of the winding in place. The coil is close -wound as 
neatly as possible in a single layer. A second piece of 
insulating tape is used to secure the wire end to the 
ferrite rod at the finish. Leave lead -outs about 3in. 
long. 

Looking straight at the rear of the front panel. 
There is adequate space for the components 

Readers who would prefer not to cut down a longer 
ferrite rod may use a 4 by fin. ferrite rod, which is 
available from Henry's Radio, Ltd. The slightly in- 
creased length will not have any serious effect on tun- 
ing range and there is adequate space for the 4in. rod 
in the plastic case. 

COMPONENT PANEL 
Most of the components are wired up on a plain (i.e. 

without copper strips) 0.15in. matrix Veroboard pan- 
el. This has 10 by 5 holes, and is cut from a larger 
board by means of a hacksaw. The component layout 
and details of the underside wiring are shown in Fig. 
3. 

Mount the components in the positions shown in 
the diagram, and then bend their lead -out wires flat 
against the underside of the panel. Making reference 
to the underside view in Fig. 3, solder together the 
lead -outs accordingly. 

If TR1 is a 3N140 it will be supplied with a metal 
clip short-circuiting the four lead -outs together and to 
the case. This clip must not be removed until all the 
wiring to the receiver has been completed. If at any 
future time it is necessary to carry out work on the 
receiver, use a short length of thin bare wire to short- 
circuit the leads of TR1 together while the work is be- 
ing carried out. 

These precautions are not necessary when a 40673 
is employed. The internal protective diodes in the 
40673 prevent the transistor from damage by static 
voltages, and this device can be treated in much the 
same manner as an ordinary silicon transistor. The 
soldering iron should be earthed regardless of whether 
a 3N140 or a 40673 is used. 

2 

3 

t 
VC! (fixed R2,J, 

vanes) 5/ lVJ 

VC! (moving vanes) 

5 

4 

3 

2 

A BCDE F GH I J 

e--.------4 

o o .--- 0 1 o .. I 

0 

- ve 

Fig. 3. Most of the parts are assembled on a 
component panel, and are wired up as shown 

here 
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Contacts must not touch until 
the jack plug is inserted 

Fig. 4. The output jack is modified to provide an 
on -off switching function 

JACK SOCKET 
The jack socket is required to make a contact when 

the jack plug is inserted, but 3.5mm. sockets fitted 
with such a contact are not readily available. It is, 
however, a simple matter to modify a 3.5mm. jack 
socket of open construction which has a contact which 
breaks when the plug is fitted. Most, if not all, open 
construction 3.5mm. jack sockets have this break con- 
tact. 

The unmodified jack socket has two contacts, a fix- 
ed upper one and a flexible lower one. The modifica- 
tion merely consists of carefully bending the fixed 
contact down below the flexible one, so that the socket 
takes up the appearance shown in Fig. 4. Note that 
whereas the contacts were previously touching until 
the plug was inserted, now they do not do so until the 
plug is fitted. If it is found difficult to insert the jack 
plug, or if it will not enter properly at all, the fixed 
contact must be bent down a little further. 

CASE LAYOUT 
The specified case has a removable lid which is 

used here as the front panel. The receiver is built up 
on this panel, and Fig. 5 shows the general layout of 
the components inside the case. 

VC1 is mounted by three short 4BA countersunk 
screws passed through the panel, and these are not 
supplied with the capacitor. A central lin. diameter 
hole is required for its spindle. The positions of the 
three 4BA clearance mounting holes can be located by 
first pressing a piece of paper against the front plate of 
the capacitor and then using this as a template to 
mark out the hole positions on the panel. The three 
mounting screws must not be permitted to penetrate 
more than fractionally inside the front plate of the 
capacitor, as they may then damage the capacitor 
vanes. If necessary, spacing washers can be used over 
the mounting screws, between the capacitor front 
plate and the inside surface of the case front panel. 

The value of VC1 is not very critical, and any air - 
spaced variable capacitor small enough to fit in the 
case and having a value between 170 and 210pF may 
be employed. A single gang Jackson type '01' with a 
value of 208pF would be suitable, as also would the 
176pF section of a 2 -gang Jackson type '00' capacitor. 

The ferrite aerial rod is mounted on a wooden block 
measuring e by t by tin. and having a semicircular 
groove across one surface into which the rod fits. First 
take up a piece oft by tin. timber and drill a lin. hole 
with its centre tin. from one end. Then cut the timber 
across the hole centre, and the block with its groove 
will be produced. The aerial rod is glued to the wooden 
block which, in turn, is glued to the inside of the front 
panel. 

When these components have been mounted, the 
component panel is wired into circuit. Fig. 5 il- 
lustrates the remaining wiring of the receiver. The tag 
layout shown for JK1 should conform with normal 
jack sockets of open construction, but if any doubt ex- 
ists about tag positioning a continuity tester or 
ohmmeter may be employed to determine the tags 

which connect to the individual socket contacts. The 
socket may then be wired up to agree with the circuit 
of Fig. 1. 

Heavy gauge single strand insulated wire of around 
18 s.w.g. is used to complete the connections between 
JK1, VC1 and the component panel. If these leads are 
kept reasonably short the component panel will be 
held quite firmly in position and will require no 
further mounting. 

Wooden block Component panel 

O 

2 

O 

J 
Fig. 5. Component layout and wiring behind 

the front panel 

ADJUSTMENT 
Only a single adjustment is required to the finished 

receiver, and that is to set the regeneration level. This 
is carried out by sliding Ll along the ferrite rod to find 
its optimum position. 

Start with Ll at the very end of the rod and, with 
the earphone plugged in, adjust VC1 in search of 
stations. A few should be received, but if there are 
none or if they are very weak Ll probably has the 
wrong phase. It must be removed from the rod, 
rotated through 180 degrees, and then replaced on the 
rod. 

It should be possible to increase the level of receiv- 
ed signals by sliding Ll further along the rod towards 
L2. If it is taken too far along the rod, however, the 
circuit will begin to oscillate, this being heard as a 
whistle when the receiver is tuned across a station. Ll 
is taken as far towards L2 as is possible without the 
set breaking into oscillation at any setting of VC1. The 
receiver will then have maximum sensitivity and 
selectivity. If preferred, the level of regeneration can 
be reduced slightly whereupon, at the cost of lower 
sensitivity and selectivity, improved audio quality 
will result. 

When the optimum position for Ll has been found 
it can be glued or taped to the rod, care being taken to 
ensure that its position is not significantly altered in 
the process. 

Finally, legends indicating function can, if desired, 
be affixed to the front panel below JK1 and the knob 
for VC1, these being taken from `Panel Signs' Set No. 
4 (available from the publishers of this journal). Also, 
a simple scale may be fitted behind the knob. A piece 
of foam rubber or plastic may be glued to the rear of 
the case behind the battery, to hold the latter in place 
when the two parts of the case are screwed together. 
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SHORT WAVE NEWS 
FOR DX LISTENERS 

By Frank A. Baldv.in 

Times = GMT 

In the past few issues we have discussed some of the 
Dx transmissions emanating from the East and Far 
East and, I trust, some readers who have recently 
joined the ranks of Dxers will have logged a few that 
have been highlighted here. 

We now come to the really difficult Dx which, if you 
manage to log, award yourself an accolade! 

Radio Bougainville, Papua New Guinea, operates 
on 3322 with a power of 10kW from 1930 to 2200 with 
the District Service and has been reported here in the 
UK around 2000, the languages being English, Pidgin 
and a multitude of local dialects. 

Radio Wewak on 3335, also New Guinea, 
has a power of 10kW and radiates the District Service 
from 2000 to 2200. 

Then there is Port Moresby on 3925 with a power 
of 10kW with the National Service from 1945 to 2230. 
A good time for this one is around 2015, we heard 
them with a report of the Darwin disaster, in English, 
way back in December 1974. Port Moresby also 
operates on 4890 with a power of 10kW and can 
sometimes be heard here in the UK when opening 
transmission at 2000. Schedule is from 2000 to 2215. 

Or, of course, you could switch the receiver and your 
attention to South Korea in the shape of KBC Seoul 
which has a power of 5kW and operates from 2000 to 
1700 with the Home Service 1. Nominally on 3918, 
we recently logged it on a measured 3917.5 at 2040. 

NOW HEAR THIS 
Current schedules being rather sparse, regular 

followers of this feature will probably be interested in 
some of the more unusual loggings that have taken 
place within the past few weeks. 

CHINA 
Kunming on 6936.5 at 1550, programme of local 

classical music in Provincial Service 2. Sign -off with 
choral "Internationale" at 1600. 

VIETNAM 
Radio Hanoi on 7374 at 1506, YL in Vietnamese, 

local songs in 1st Network programme directed to 
South Vietnam (replacing Saigon - now Ho Chi Min 
City, programmes). Also logged in parallel on a 
measured 10060.5. 

422 

Frequencies = kHz 

Radio Hanoi on 6449 at 1640, YL with a rousingly 
patriotic song in Vietnamese, in the 1st Network 
programme to South Vietnam. Sign -off at 1657 after 
identification in Vietnamese, without National 
Anthem. Also logged at 2216, YL announcer with 
many mentions of Vietnam. 

INDONESIA 
Jakarta on 6045 at 1604, OM with religious chants 

ater announcements by OM in Malindo. 
ISRAEL 
Jerusalem on 9400 at 1906, songs and music from 

British musical comedy in the Domestic Service 2 
programme to Europe and N. America, announce- 
ments in Hebrew. Schedule 1900 to 2305, also 
logged in parallel on 12045. 

Jerusalem on 15512.5 at 1443, OM with songs in 
Hebrew in Demostic Service 2 programme to Europe 
and N. America. Schedule from 0600 to 1845, also 
logged in parallel on 12080. 

MEXICO 
Radio Mexico on 15385 at 2031, OM with iden- 

tification in Spanish, local songs and music. 

AROUND THE DIAL 
The introductory paragraphs in the past few issues 

have dealt with the reception of broadcast stations 
located in the East, Far East and South -East Asia on 
the low frequency bands so here are listed some of the 
transmitters in these areas which have been recently 
entered in the log book. 

INDIA 
Hyderabad on 4800 at 1525, typical local -style 

music, 6 pips at 1530, station identification and world 
news in English by OM newscaster. Schedule 1130 to 
1830. 

Delhi on 3365 at 1605, YL announcer in local 
dialect, songs and music for local consumption. After- 
noon schedule is from 1230 to 1735 with the news in 
English at 1530 and 1730. 

Delhi on 3925 at 1502. OM with local songs, 
orchestra with Indian music. Schedule is from 1330 to 
1735 with the news in English at 1430, 1530 and 1730. 

Lucknow on 3205 at 1529, OM with a talk in Hindi 
then newscast in English at 1530. Schedule (after- 
noon) is from 1130 to 1830. 
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Gahauti on 3375 at 1513, songs by YL, local music, 
talk by OM in Asian dialect (programmes are mostly 
in Assamese). Full schedule is from 0025 to 0145 and 
from 1145 to 1730. A newscast in English is scheduled 
at 1530. 

PAKISTAN 
Quetta on 3870 at 1518, YL and OM alternate with 

announcements in local dialect then into programme 
of songs and music. I well remember "discovering" 
this station some three years ago. The schedule is 
from 1315 to 1810; additionally May to October from 
0100 to 0400, November to April from 0115 to 0430. 

Karachi on 3890 at 1525, OM with a seemingly 
endless talk in vernacular. Schedule (November to 
April) is from 1415 to 1810. 

BANGLADESH 
Dacca on 4890 at 1450, YL with songs in local - 

style, OM announcer. Schedule is from 0030 to 0400 
and from 1200 to 1545. 

NEPAL 
Kathmandu on 5007 at 0055, OM in Nepali. This 

one can also be hard during afternoons, appearing in 
our log at 1435, YL with songs, music typical of the 
area and announcements in Nepali. This is the Home 
Service having a schedule from 0020 to 0350 and from 
1150 to 1730 and can also be heard in parallel on 
3425. 

SRI LANKA 
Colombo on 4870 at 1618, local -style music, songs 

in Sinhala in the Channel 2 programme which has a 
schedule from 0015 to 0300 and from 1030 to 1730. 

BURMA 
Rangoon on 4725 at 1404, YL with songs, music in 

the appealing (to me) local -style; sign -off without 
National Anthem, after a few bars of local music, at 
1415. The schedule is from 1100 to 1415. Also logged 
on 5039 at 1440, OM with a talk on foreign affairs in 
English. Schedule is from 0930 to 1600 with the 
programmes in English being from 1430 to 1600. 

THAILAND 
Bankok on 4830 at 1427, programme of Euro-style 

dance music records complete with vocals in English. 
Schedule is from 2300 to 1600. 

MALAYSIA 
Kuching (Sarawak) on 4950 at 1550, YL with local 

pops, OM with announcements in English. Schedule 
of this one is from 0800 to 1600 and from 2200 to 0100 
in both English and Chinese. 

Penang on 4985 at 1553, dance music, songs in 
English and announcements. Schedule, in English 
and vernaculars, is from 0530 to 0630, 0930 to 1630 
and from 2230 to 0130. 

CHINA 
Lanchow on 4866 at 2141, OM and YL alternate in 

Chinese, local music at 2146. Schedule is from 0950 to 
1600 and from 2120 to 0600. 

Peking on 4905 at 1607, OM with a talk in Chinese 
in Home Service 1 programme. Schedule is from 1353 
to 1735 and from 2000 to 0020 (March to October 
until 2300). 

Urumchi on 4110 at 1458, military music in the 
Sinkiang Regional programme, also logged on 4500. 

Peking on 4960 at 1445, YL with a talk in 
Japanese. Schedule (Foreign Service in Japanese) is 
from 0930 to 1525, additionally May to October from 
2130 to 2155. 

PLA Fukien on 3200 at 1859, OM in Chinese, local 
orchestral music. Schedule is from 1000 to 2000 (May 
to October from 1215), from 2005 to 0040. 

Foochow on 4975 at 2102, OM in Chinese, military 
music. Schedule is from 0740 to 1600, 2050 to 0540; to 
Taiwan from 1600 to 1810. 

Kunming on 4759 at 1605, OM and YL alternate 
in Chinese in Provincial Service 1. Sign -off at 1620 
after choral rendition of the "Internationale". 
Schedule is from 0950 to 1620 and from 2150 to 0800, 
relaying Yunnan 1. 

PLA Fukien on 3640 at 1440, OM with a talk in 
Standard Chinese in the Network 1 Service to Taiwan 
and other offshore islands, also logged in parallel on 
4042.5. Schedule is from 1150 to 2240. 

PLA Fukien on 2430 at 1605, OM in Amoy in the 
Network 2 Service to Taiwan and other offshore 
islands, also logged in parallel on 3300 and on 4380. 

SINGAPORE 
Radio Singapore on 5010 at 1602, programme of 

light classical music, songs in English and an- 
nouncements, also in parallel on 5052. 

INDONESIA 
Jakarta on 4804.5 at 2202, OM with a newscast in 

Malindo after station sign -on at 2200. Schedule is 
from 1000 to 1600 and from 2200 to 0100 in the 
Programme Nasional. 

Banda Aceh on 4955 at 1542, OM in Malindo, local 
music in the distinctive style of Indonesia, song by 
YL. Schedule 0500 to 0800, 1000 to 1600 and 2300 to 
0100. 

Palembang on 4855 at 1547, local -style music, 
songs and announcements in Malindo. Schedule 0900 
to 1600 and from 2200 to 0100 (Sundays 0000 to 
0700). 

Yogyakarta on 5047 at 1550, OM announcer, 
local music, gongs, chimes. Schedule is from 1000 to 
1600 and from 2200 to 0230. 

Ujang Padang on 4719 at 1400, OM in Malindo 
then into programme of local music. Schedule is from 
1225 to 1520. 

Medan on 4764 at 1417, OM in Malindo, military 
music. Schedule is from 1000 to 1600. 

Jambi on 4927 at 1545, YL with announcements, 
religious chants, sign -off with "Love Ambon" at 1600. 
Schedule is from 1000 to 1600 and from 2200 to 0100. 

LATE LOGGINGS 
Since the above was written, several other loggings 

of interest have taken place such as- 
PAKISTAN 
Rawalpindi on 3405 at 1750, OM with an- 

nouncements in English, pop records (U.K. made). 
Identification and news in Urdu at 1800. Listed 
3400. 

INDIA 
Kurseong on 3355 at 1511, OM with songs in ver- 

nacular, local -style music. 

CLANDESTINE 
Azad Kashmir on a measured 3939 at 1415, 

signing -on with the usual long anthem, choral style. 
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INTEGI 
FUNCTI 

Offering triangular, square and sine wave outputs from 0.1 Hz to 
100kHz, this function generator is built around the Intersil 8038 in- 
tegrated circuit. The use of this i.c. enables a relatively simple 
assembly procedure to be adopted. Construction and setting up, which 
requires the use of an oscilloscope, will be described in the concluding 

article to be published next month. 

One of the more useful weapons in the armoury of 
the electronics experimenter is the signal source. 
Although signal generators of several types would be 
required to cover the entire frequency spectrum, for 
many applications a generator which covers only the 
lower frequency ranges, up to around 100kHz, is often 
adequate. Of course where radio or television receiver 
alignment is involved an r.f. type of generator would 
he needed. 

OUTPUT WAVEFORM 
Most of the older designs of generator covering the 

low frequency ranges provide only sine wave output, 
which is adequate for audio work. When one is work- 
ing with modern electronic equipment, however, it is 
an advantage to have triangular and square 
waveforms available in addition to the sine wave. 
Modern laboratory generators often provide such out- 
puts, instruments of this type being referred to as 
function generators. 

By making use of integrated circuit techniques the 
normally complex circuit arrangement needed for a 
function generator can be greatly simplified, so far as 
construction is concerned, and at the same time the 
cost can be reduced to the point where it is not likely 
to put too great a strain on the average amateur con- 
structor's bank balance. 

In this article the construction of a simple function 
generator will be described. This unit covers the fre- 
quency range from 0.1Hz to 100kHz and provides 
either sine, triangular or square wave outputs at up to 
4 volts peak -to -peak. It would have been possible to 
incorporate sawtooth and pulse outputs as well but it 
was felt that the basic facilities provided would meet 
most of the needs of the average experimenter. An os- 
cilloscope is required for setting up the generator. 

In order to obtain an understanding of how this 
type of instrument works it might be as well to ex- 
amine the circuit techniques involved before 
proceeding to describe the construction of the unit. 

SINE WAVE OSCILLATORS 
Most of the older and simpler designs of low fre- 

quency generator make use of some form of sine wave 
oscillator as the initial signal source. Because of the 
problems which may be encountered 
circuits are used at low frequencies it is usual for the 
oscillator to be of the RC tuned type. 

Commonly used oscillator circuits are the Twin 
Tee, Wien Bridge and Phase Shift types in which two, 
or more, sets of resistor -capacitor timing components 
are employed to determine the frequency of oscilla- 
tion. To give optimum performance such circuits 
usually require that two or more resistors are varied in 
unison when the oscillator is tuned through its fre- 
quency range. This inevitably leads to the use of mul- 
tiple ganged potentiometers for the frequency control. 
Range switching also becomes somewhat complex 
because of the need to switch a number of timing 
capacitors simultaneously. 

Although it is possible to devise simplified versions 
of these RC tuned oscillators in which only one 
resistor or capacitor is varied to alter the frequency, 
this usually involves a compromise in which the 
amplitude or waveform of the output signal may be 
affected as the frequency of operation moves away 
from its optimum value. 

A further problem associated with sine wave RC 
tuned oscillators is that of stabilizing the output 
amplitude. Some form of automatic gain or bias con- 
trol is required to ensure constant output level. 

Generation of triangular and square wave outputs 
from the basic sine wave signal can also pose 
problems. It is not too difficult to derive a square 
wave output from the sine wave by merely passing the 
signal through a high gain limiting amplifier, the out- 
put of which will go from one limit to the other each 
time the sine wave passes through zero volts. 
Triangular waves can be produced by feeding the 
square wave through an integrator circuit but unfor- 
tunately this type of circuit is frequency sensitive so 
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By Steve A. Money 

that the amplitude of the triangular wave will vary 
with frequency. 

Of course it would be possible to generate a square 
wave as the initial signal. This type of waveform is 
quite readily produced by means of a simple mul- 
tivibrator circuit and it is possible to control the fre- 
quency of such a circuit by using only one resistor and 
capacitor without any compromises on output 
waveform or amplitude. Unfortunately, the problems 
posed by the production of sine and triangular 
waveforms from the square wave can perhaps be more 
difficult than are those which occur when starting off 
with a sine wave signal. 

TRIANGLE WAVE GENERATOR 
The third possible approach to a function generator 

would be to start off by generating a triangular wave 
and then to derive the sine and square wave outputs 
from it. 

For a triangular waveform the voltage follows the 
simple law, 

V = k.t 
where V is the instantaneous voltage, t is time and k is 
a constant which will be positive for the rising slopes 
of the waveform and negative for the falling slopes. 

A triangular waveform is easily generated by charg- 
ing and discharging a capacitor. The voltage across 
the capacitor will follow the law, 

V_Q _I.t. 
C C 

where I is the charge or discharge current and C is the 
capacitance. If a fixed capacitor is used then C will be 
a constant value, leaving only I and t as variables. 

In the simple resitor and capacitor circuit shown in 
Fig. 1 the capacitor charges and discharges through 
the resistor R. The charging or discharging current, IC, 
depends upon the voltage drop across R and therefore 

will vary as the voltage across the capacitor changes. 
This gives rise to the familiar exponential charging 
and discharging characteristics shown in Fig. 1. 

If the current in the capacitor were held constant 
then the voltage across it would follow the law, 

V = k.t 
and a linear triangular waveform would be produced. 
These conditions can be met by using "constant 
current" source circuits to control the values of the 
charge and discharge currents through the capacitor. 

vs 

ivs 
v 

Time 

Fig. 1. A simple circuit in which a capacitor 
may be made to charge and discharge by ac- 

tuating a switch 
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Fig. 2. By the use of constant current sources 
and a switching system controlled by a flip-flop 
and two comparators, the waveform across the 
capacitor becomes triangular. A square wave is 

available, also, from the flip-flop 

v - 

Fig. 2 shows a basic circuit arrangement for the 
production of a triangular wave. Here the capacitor 
voltage, VC, is fed to the inputs of two voltage com- 
parator stages Al and A2 which compare it with the 
reference voltage levels V1 and V2. The output signals 
from the two comparators are used to trigger a 
bistable flip-flop circuit which in turn operates the 
charge and discharge control switch Sl. 

Suppose that initially the capacitor is discharged 
and switch Si has just been set to the charge position. 
The capacitor now begins to charge up from the 
"constant current" source I1, and the voltage, VC, 
across it increases linearly with time until it reaches 
the level Vl. At this point the comparator stage Al 
operates. The output from Al is used to trigger the 
bistable which, in turn, switches S1 into the discharge 
position. The capacitor will now start discharging 
through the second "constant current" source I2. 
Discharge continues until the capacitor voltage has 
fallen to the second reference level, V2. When the 
voltage reaches this level the second comparator, A2, 
comes into action and its output causes the bistable 
circuit to be reset. Switch S1 now returns to its 
original condition so that a new charging period can 
commence. This sequence of events will repeat con- 
tinuously, and the capacitor voltage VC will rise and 
fall linearly between the voltage limits V1 and V2 to 
produce a constant amplitude triangular waveform. 

The output from the bistable circuit will be a 
square wave of constant amplitude and with the same 
frequency as the triangle wave. The frequency of os- 
cillation is governed by the capacitor value and the 
levels of the currents I1 and I2. If I1 and I2 are equal 
the output waveform is symmetrical. When the two 
currents are unequal then, as the ratio of one to the 
other increases, .the triangular wave will gradually 
change to a sawtooth shape and the square wave 
become a pulse with a progressively greater mark -to - 
space ratio. 

SINE FUNCTION 
GENERATOR 

It is possible to derive a sine wave output from a 
triangular wave input by utilising techniques original- 
ly developed for use in analogue computer systems. In 
this type of computer there is a frequent requirement 
for circuits in which the output follows some 
mathematical law in relation to the input voltage. 
Typical examples are circuits where the output is 
proportional to the square or perhaps the square root 
of the input signal. For our purpose we need a circuit 
where the output voltage follows the law, 

Vout = sin(Vin). 
The basic principle on which these function 

generator circuits operate is to build up an ap- 
proximation to the desired output function curve by 
means of a series of straight line segments. Fig. 3 
shows this technique in the formation of the positive 
half -cycle of a sine wave signal. 

At first it might be assumed that, to achieve 
reasonable accuracy, a large number of straight line 
segments would be required, but in fact quite good ap- 
proximations can be obtained by using surprisingly 
few segments. In the case of a sine wave an output 
within ±1% of the correct wave shape can be achieved 
by using only five segments to build up each quarter - 
cycle of the waveform. For most purposes this degree 
of accuracy is perfectly adequate. 

A typical arrangement for a "curve fitting" circuit 
is shown in Fig. 4. A symmetrical triangular waveform 
is applied at the input of this circuit. 

At the start of a positive half -cycle of the input 
waveform all of the diodes D1 to D4 are reverse bias- 
ed, so that the input signal is simply attenuated by the 

Vout 

V3 
/ 

V2 ---/ 
/ 
/ 

/ 
/ 

/ 
/ 
/ / 

/ 
/ 

Vin 

Slope I Slope 2 / 
/ / / .,/- 

Slope 3 

Fig. 3. Illustrating the operation of the "curve 
fitting" process. By changing slope at carefully 
selected break points it is possible to cause a 
triangular wave to approximate closely to a 
sine wave. Both the simulated and a true sine 

wave are shown 
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Fig. 4. A sine wave shaping circuit 
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potential divider consisting of RA and RB. If the 
values of these two resistors are chosen correctly the 
slope of the output waveform can be made to match 
closely that of the desired sine wave curve over ap- 
proximately the first 22° of the cycle. 

When the output voltage reaches level V1 diode Dl 
starts to conduct and effectively connects resistor 
R1 across RB. This increases the attenuation ratio of 
the circuit and has the effect of reducing the slope of 
the output waveform above level Vl. Here it is 
assumed that the impedence of the biasing network 
between the zero and positive supply voltage rails is 
negligible in comparison with the values of the resis- 
tors RA, RB and R1, so that the network has no signi- 
ficant effect upon the output signal. By careful choice 
of the value of R1 the new slope of the output signal 
can be made to match the desired sine curve over a 
further segment of the cycle. 

The output signal continues to rise with this new 
slope until the level V2 is reached, whereupon diode 
D2 conducts and brings R2 into circuit to produce a 
further reduction in the slope of the output signal. 
Similarly, R3 and R4 are brought into use as the out- 
put voltage passes through the levels V3 and V4 
respectively, and they give two more short segments of 
the desired output waveform. Careful choice of the 
values of the resistors will give the correct slope for 
each of the segments of the output curve. By choosing 
appropriate voltage levels for V1 to V4 the break 
points in the resultant output curve can be selected so 
that the output waveform matches closely the desired 
sine wave law over the first quarter -cycle of the 
waveform. 

Since the triangular waveform falls during the next 
quarter -cycle with a slope equal but opposite to that 
of the first quarter -cycle the diodes will turn off in 
reverse order and the resultant output will match the 
sine wave as closely as it did during the rising part of 
the cycle. 

For the negative half -cycle, however, a second set of 
diodes and resistors is needed. Here, the diodes are 
wired in the opposite polarity and the bias levels are 
negative but the principle of operation is the same. 
This network operates with the same two basic 
resistors, RA and RB, to produce the negative half - 
cycle of the sine wave. 

Since the circuit is purely resistive its output will 
not be affected by changes in frequency. The output 
voltage levels are determined entirely by the input 
level, the attenuation of the circuit and the bias levels. 

INTEGRATED CIRCUIT 
It will be seen that the shaping circuit is complex 

but fortunately it lends itself very nicely to fabrica- 
tion on an integrated circuit chip. If discrete com- 
ponents were used, precision resistors would be re- 
quired to produce the correct ratios in the shaping 
network and its associated bias chain. In an in- 
tegrated circuit it is difficult to produce precise values 
of resistance because the resistance depends on the 
level of doping of the silicon in the chip, which can 
vary from one batch to another. It is, however, quite 
easy to provide precise ratios between the resistors on 
the same chip, because this is determined by the 
geometry of the chip layout which can be closely con- 
trolled in production. 

Intersil have produced an integrated circuit known 
as the 8038 which incorporates not only the wave 
shaping circuits but also the current sources, com- 
parators and flip-flop to make up the primary os- 
cillator. This i.c. is available from Ambit Inter- 
national, 37 High Street, Brentwood, Essex. Tran- 
sistors are used in the wave shaping circuits instead of 
diodes because they give greater isolation between 
the signal path and the bias network. In all there are 
56 transistors on the chip, which is mounted in a 14 
pin dual -in -line package. 

Two external resistors connected between pins 4 
and 5 of the i.c. and the positive supply rail are used, 
in conjunction with a voltage applied to pin 8, to con - 

A view inside the function generator case. 
Nearly all the small components are assembled 

on a printed circuit board 
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trol the current levels in the "constant current" 
sources. Frequency can then be controlled by simply 
varying the voltage on pin 8. 

Three separate pins on the package bring out the 
sine, square and triangular wave signals so that all 
three outputs are available simultaneously if re- 
quired. An open collector buffer stage is provided at 
the square wave output and for proper operation this 
needs a pull-up resistor of the order of 4.7kû between 
the output pin and the positive supply rail. The other 
outputs are of fairly high output impedance and can 
only tolerate load impedances of 100kû or greater if 
the signal is not to be affected. Therefore, it is ad- 
visable to have a buffer amplifier stage between the 
integrated circuit and the output terminals of an in- 
strument incorporating the i.c. In the unit to be 
described only one of the outputs is selected at any 
time so that a single buffer amplifier can be used. The 
appropriate output waveform is switched to the input 
of the buffer amplifier as desired. 

A supply voltage of between 10 and 30 volts can be 
employed with the integrated circuit. It is convenient 
to use a centre -tapped supply since the output 
waveform will be roughly symmetrical about the 
supply mid -point. 

GENERATOR CIRCUIT 
Fig. 5 shows the circuit for the 1.f. generator using 

the 8038 integrated circuit. 
Six frequency ranges, each covering a little over a 

decade, are provided by this instrument. One bank, 
S1(b), of the range selector switch is used to connect 
one of the six timing capacitors, Cl to C6, between 
pin 10 of the 8038 and the negative supply rail. 

For the four higher frequency ranges polystyrene or 
polyester capacitors can be used. To provide the large 
values of capacitance needed for the two lower fre- 
quency ranges electrolytic capacitors are required. 
Aluminium foil types were used in the prototype unit 
and found to be quite satisfactory. 

The levels of the charging and discharging currents 
are largely determined by the resistors RI and R2. 
For proper operation in the sine wave mode the two 
half -cycles must have equal periods and therefore the 

charge and discharge currents must be exactly equal. 
Pre-set potentiometer VR7 is included so that the 
levels of the two currents can be balanced. 

Since there can be quite wide tolerances in the ac- 
tual values of the timing capacitors an adjustment is 
included in the current controlling circuits to allow 
the frequency scale on each range to be set up correct- 
ly. A second bank, Sl(a), of the range switch is 
employed to bring one of the pre-set potentiometers, 
VR1 to VR6, into circuit to enable the overall level of 
both charge and discharge currents to be adjusted on 
each range and thus produce the correct frequency. 

Continuous variation of the frequency within each 
range is controlled by the potentiometer VR9, which is 
mounted on the front panel. This potentiometer con- 
trols the voltage applied to pin 8 of the 8038. The 
currents flowing through the two "constant current" 
sources in the 8038 are directly proportional to the 
voltage difference between pin 8 and the positive 
supply rail. The output frequency produced is also 
directly proportional to the levels of the charge and 
discharge currents and therefore will be directly 
proportional to the voltage applied to pin 8. If this 
voltage is provided by a potentiometer with a linear 
law track then the frequency scale will be linear also, 
and this makes for ease of scale calibration. 

If the voltage applied to pin 8 of the 8038 is allowed 
to fall below about 0.8 of the supply voltage the output 
waveform from the oscillator may become distorted, 
so R4 is included to ensure that this condition cannot 
occur. To restrict the span of each frequency range to 
about 11:1 resistor R3 and pre-set potentiometer VR8 
are included in series at the positive supply end of the 
frequency control VR9. If the total value of R3 and 
VR8 is set equal to one -tenth of the value of VR9 the 
frequency sweep for each range will be 11:1. Once set, 
this span is identical on all six ranges. 

BUFFER AMPLIFIER 
To provide a low impedance output a buffer 

amplifier, IC2, is included between the 8038 and the 
output terminals. Switch S2(b) selects one of the three 
output waveforms from the 8038 and couples it to the 
input of the buffet amplifier stage. 

The square wave output from pin 9 of IC1 has a 

COMPONENTS 
Resistors 
(All fixed values +watt 5%. Pre-set potentiometers 
0.1 watt skeleton, horizontal mounting.) 

R1 4.7kû 
R2 4.7kû 
R3 33051 
R4 22kû 
R5 4.7kn 
R6 47kû 
R7 390kû 
R8 47kû 
VR1 500û pre-set potentiometer 
VR2 5000 pre-set potentiometer 
VR3 500 pre-set potentiometer 
VR4 500n pre-set potentiometer 
VR5 50Óû pre-set potentiometer 
VR6 500 û pre-set potentiometer 
VR7 1kclpre-set potentiometer 
VR8 33051 (or 47012) pre-set potentiometer 
VR9 5k potentiometer, linear 

VR10 100kû pre-set potentiometer 
VR11 100kû potentiometer, linear 

Capacitors 
Cl 47µF electrolytic, 20 V. Wkg. 
C2 4.70' electrolytic, 20 V. Wkg. 
C3 0.47µF polyester, type C280 (Mullard) 
C4 0.047jF polyester, type C280 (Mullard) 
C5 0.0047µF polyester or polystyrene 
C6 470pF polystyrene 
C7 100pF polystyrene (see text) 

Semiconductors 
IC1 8038 
IC2 NE531V (or '741, see text) 

Switches 
S1(a)(b) 2 -pole 6 -way rotary 
S2(a)(b) 4 -pole 3 -way rotary (2 poles unused) 

Miscellaneous 
I.C. socket, 14 pin d.i.l. 
I.C. socket, 8 pin d.i.l. 
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Fig. 5. The circuit of the l.f. function generator. This provides square, triangular and sine waveforms over the frequency ranges indicated. 

peak -to -peak amplitude which is nearly equal to the supply voltage. In the case of the triangular waveform on pin 3, however, only a third of this amplitude is produced whilst the sine wave output from pin 2 has a peak -to -peak amplitude of only 0.22 of the supply voltage. Resistors R7 and R8 are included in the square and triangular waveform feeds to switch S2(b) and serve to reduce the levels of these two waveforms to match that of the sine wave. Potentiometer VR11 acts as the output level control. 
A 741 type amplifier could be used in the buffer stage but it has some limitations on the higher fre- 

quencies. The rate at which the output voltage from the amplifier can change is its output slew rate, and for a 741 amplifier at unity gain this is 0.5 volt per 
microsecond. For a 2 volt peak sine wave the output from the 741 would be unable to follow a sine wave shape at frequencies above about 40kHz. If the output level is limited to about 0.75 volt peak a 741 type amplifier can work properly up to 100kHz. 

To obtain the full 2 volts peak output undistorted at frequencies up to 100kHz a high slew rate amplifier will be required. The Signetics NE531 has a slew rate of some 30 volts per microsecond and is capable of good reproduction of all three waveforms at full amplitude up to 100kHz. The NE531 is in an 8 pin d.i.l. package and has the same basic pin layout as the 741 except that it requires a compensation capacitor of about 100pF between pins 6 and 8. This capacitor is 
C7 in Fig. 5, and is not of course needed if a 741 is to be used. In any event, pin 8 of the 741 in 8 pin d.i.l. is "NC." 

When sine or triangular waves are being produced it is preferable that the load resistor at the square wave output be disconnected. This reduces the 
possibility of spiky transient signals being coupled to the sine and triangular circuits and producing distor- tion in the output waveforms. The disconnection is carried out by S2(a). 

A small distortion of the sine wave output may be found due to slight manufacturing tolerances in the sine wave shaping circuit. This distortion can usually be reduced to less than 1% by adjusting VR10, which alters the bias conditions in the network. 

NEXT MONTH 
In the concluding article, to appear next month, details will be given of the power supply and of the 

construction of the 11 generator. The article will in- clude a full-size diagram of a suitable printed circuit board. 
The accompanying Components List specifies the. parts employed in the circuit of Fig. 5. A further Com- ponents List will be given next month, and this will list the remaining parts that are needed. Constructors are advised to wait until the following article appears before obtaining the pre-set potentiometers, as the printed circuit diagram will more clearly indicate the type of potentiometers that are employed. 
The NE531V is available from S.C.S. Components, 

5 Northfield Industrial Estate, Beresford Avenue, 
Wembley, Middlesex, HAO 1SD. 

(To be concluded) 
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TRANSISTOR 
D.C. LOADS 

By R. J. Caborn 

Some notes on d.c. test loads incorporating power transistors. 

When a laboratory power supply has been designed 
and assembled, it is necessary for its performance to 
be checked. This is particularly the case when the 
supply offers variable voltage output and overload 
current trip facilities. 

OUTPUT CURRENT 
An obvious test load for a power supply consists of a 

variable wire -wound resistor, as shown in Fig. 1. The 
output voltage at various output currents can then be 
checked by altering the value of the resistor. This ap- 
proach is feasible under normal home -constructor 
conditions if the maximum power supply output 
current is of the order of 100mA or so. Indeed, a 
suitable variable resistor is then offered by a valve 
heater chain dropper resistor having an adjustable 
tap. Such dropper resistors are not readily available 
as new components in these transistor orientated 
days, but many of the older hands may still have one 
knocking around in their spares box. 

If the maximum output current of the power supply 
is of the order of several amps then the use of a 

Variable 
wire -wound 

resistor 

Power 
supply 

Fig. 1. Using a variable resistor to check the 
performance of a power supply. 

Power 
supply 

Power 
transistor 

l -5V 

Fig. 2. An alternative test load can consist of a 
power transistor mounted on a heat sink. Care 
has to be taken to ensure that the variable 
resistor in the base circuit is not accidentally 

set to insert too low a resistance. 

variable resistor is not in most instances practicable, 
as it would require an exceptionally high wattage 
rating if the wire in its track were to carry the output 
current. 

A more attractive output load, both for high and 
low current supplies, is given by the use of a power 
transistor, as in Fig. 2. This is mounted on a suitably 
large heat sink, and its collector current is varied by 
altering the current flowing in its base -emitter junc- 
tion. The latter can be controlled by a variable 
resistor connected between the base and a 1.5 volt cell 
as indicated. 

The arrangement of Fig. 2 is adequate for a quick 
one-off check, but even in a simple circuit such as this 
the question of current in the variable resistor has to 
be considered. An excellent choice for the power tran- 
sistor would be the 2N3055, which has an hFE range of 
20 to 70. If a low gain 2N3055 passes a collector 
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current of 2 amps its base current will be no less than 
100mA. The wire of the variable resistor track must 
be capable of passing this current, which means that, 
should a 3 watt component be employed, it cannot 
have a value higher than 30012. It must be 
remembered that the wattage rating of a poten- 
tiometer applies to its entire track, and specifies the 
maximum current any section of the wire in its track 
can safely carry. 

When using the circuit of Fig. 2, care has to be 
taken to ensure that the variable resistor is not ac- 
cidentally adjusted to offer too low a resistance. Also, 
the rate of increase in collector current against change 
in resistance becomes greater as the resistance is 
reduced. 

5-6n 
1/2 watt 5°/0 

IOn 
wirewound 
I watt ISV 

6-8n 
1/4 watt 5°/o 

2N3055 
Lead -outs 

Fig. 3. An improved circuit which limits max- 
imum base current in the 2N3055 to 100mA, 
and which offers a smoother control of collec- 

tor current. 

BETTER METHOD 
The circuit of Fig. 2 is useful for quick hook-up 

conditions, but a better method which requires only 
two more resistors is shown in Fig. 3. The values of 
the resistors in this diagram are such that when the 
potentiometer slider is at the lower end of its track the 
base of the 2N3055 is about 0.5 volt positive of the 
emitter, whereupon the transistor is cut off. Near this 
setting the potentiometer functions as a voltage poten- 
tial divider. As the slider moves upward base current 
to the transistor flows through the upper section of the 
track, with the result that the potentiometer acts less 
and less as a potential divider and more and more as a 
series variable resistor. Maximum base current is ap- 
proximately 100mA. 

The component values shown are suitable for a low 
gain 2N3055 giving a maximum collector current of 2 
amps. A typical 2N3055 will have an hFE in excess of 
20 and the possible collector current will then be 
greater than 2 amps. The change of collector current 
with potentiometer adjustment is smoother than 
occurs in the circuit of Fig. 2. 

The current drawn from the 1.5 volt cell in Fig. 3 
varies from about 66 to 140mA according to the set- 
ting of R2. A high power cell, such as the Ever Ready 
HP2, would be suitable. There is little point in 
attempting to stabilize the voltage applied to R1, R2 
and R3. If the cell voltage falls markedly with use the. 
maximum collector current passed by the 2N3055 will 
simply become lower. 

RADIOriELEC IIIi111[ 
CONSTRUCTOR 

SPECIAL FEATURES 
IN 

MARCH ISSUE 
* * * 

LOW COST WOBBULATOR 

A very simple and inexpensive design which is 
primarily intended for the investigation of the r.f. and 
i.f. pasbands of a.m. receivers. Its fundamental output 
may be tuned in on the medium wave band and the 
second harmonic on a short wave band. 

* 
STEREO I.C. AMPLIFIER 

(5 WATTS PER CHANNEL) 
Incorporating a popular a.f. power integrated circuit, 
this stereo amplifier has switched inputs for radio 
tuner or for ceramic or crystal cartridge. 

Many other articles 
on sale 1st March 35p 

Copies may also be obtained direct from the 
Publishers, 46p including postage. Published by 
Data Publications Ltd., 57 Maida Vale, London 
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THE 

OSCARS 
By Arthur C. Gee 

This article is based on a paper read to the 4th 
Congress of the International Union of Amateur 
Astronomers, held at MacMaster University, Hamilton, 
Ontario, Canada, by the author. It brings together an ac- 
count of the various satellites which have contributed to 
the Orbital Satellite Carrying Amateur Radio (OSCAR) 
project. As such, we feel it will enable those of our 
readers who are interested in this latest aspect of the 
amateur radio scene, to view the development of this 
project from its inception to the latest developments in 
the radio amateurs' "space" activities. 

When the Russians launched Sputnik 1, its simple 
radio transmitter could be heard wherever there was 
a suitable radio receiver. Who were most likely to 
have such radio receivers? - Radio Amateurs.. The 
Russians knew this and it must be assumed, therefore, 
that the choice of a transmitting frequency for Sput- 
nik's transmitter near the 21 MHz amateur radio 
frequency band was not just by chance. Within 
minutes of the announcement on Radio Moscow, 
radio amateurs were at their receivers anxious to hear 
the first radio signals from space. 

Early satellites, both Russian and American, were 
one-way devices, transmitting mainly beacon -type 
signals, with occasional information about conditions 
on the satellite telemetred back to earth. Getting 
payloads of appreciable size into orbit was the 
primary consideration at first, but the com- 
munications people were hard at work on satellite 
systems which eventually provided world wide radio 
communications of a reliability never before attained 
over long distances with earth -bound -methods. 

The idea of a satellite for use in amateur radio com- 
munications, began to take shape veryearly in the 
United States Satellite Programme. any problems - technical, financial and even political -, stood in 
the way of this dream's fulfilment, but none of these 
difficulties stopped the group of advanced radio 
amateurs who first proposed the plans for amateur 
radio satellites. A group of U.S.A. West Coast radio 
amateurs, many of whom were engineers working 
professionally in the Space field, designed and built a 
series of amateur satellites, and succeeded in convin- 
cing the right people that these should be put into 
space. 

The first of these was known as OSCAR 1: Orbital 
Satellite Carrying Amateur Radio - to give it its full 
title. It "hitch -hiked" a ride into space aboard the 
USAF's Discoverer 36 Rocket on December 12th 
1961. It had aboard, a simple radio transmitter sen- 
ding in morse code the signal "Hi Hi" on the 145 MHz 
amateur radio band. The news that radio amateurs 
now had a satellite of their own in orbit around the 
earth had an impact in non -amateur circles, seldom - if ever -eualled in the long history of an always 
exciting hobby! The satellite, designed deliberately to 
be short-lived, transmitted its message until noon on 
December 30th. This short but active life brought in 
over 5,000 separate and detailed reports from over 570 
amateur radio stations in 28 countries. The satellite 
was a 10 pound weight package and it completed 312 
orbits. 

OSCAR 2, transmitting in much the same manner 
as its predecessor, was launched on June 2nd 1962. It 
completed 295 orbits and was last heard eighteen days 
later on June 20th. It transmitted information about 
its temperature, speeding or slowing, its keying rate 
according to its temperature. 
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OSCAR 3 was the first true communications 
satellite for amateur use. It was put into a 570 mile 
high orbit on March 9th 1965. It carried a receiver 
and a transmitter, working in the 145 MHz amateur 
band. The receiver received signals sent to it from 
ground stations at one end of the band, and the 
transmitter relayed them back to earth, at the other 
end of the band. 176 two way contacts were made by 
amateur radio stations through OSCAR 3, by 98 par- 
ticipating stations - 67 in North America, and 31 in 
Europe. 

OSCAR 4 was a disappointment, due to a 
malfunction in the launch vehicle. It did, however, 
enable the first satellite communication exchange to 
take place between the USSR and the USA, by any 
satellite whatever - not just amateur. 

OSCAR 5 was launched from a Delta N. Booster 
Rocket on January 23rd 1970. It weighed 391bs, and 
measured 12in. x 17in. x 6in., and it carried 201bs. of 
batteries! This was before the days of solar panels - 
on amateur satellites at any rate. It was unique in 
several ways. Most important of all, it was an inter- 
national effort, the package having been designed and 
built by students at Melbourne University, Australia. 

It was the first satellite project carried through by a 
new amateur group, the Radio Amateur Satellite Cor- 
poration - AMSAT - based in Washington, D.C., 
U.S.A. This group worked with many of the original 
OSCAR people in bringing the effort to fruition. It was 
mainly an educational satellite, designed to transmit 
only. Signals were radiated in the 2 and 10 metre 
amateur bands, permitting study of the ionosphere 
near the peak of the sunspot cycle. It was the first to 
be used by the Talcott Mountain Science Center at 
Avon, Connecticut, in their educational programmes. 
It was particularly interesting in that it carried two 
bar magnets, which it was hoped would stabilise its 
orientation in space, preventing the "tumbling" which 
had been troublesome on earlier satellites, leading to 
much fading of the radio signals from them. 

OSCAR 6 and OSCAR 7 are both currently in or- 
bit and functioning. They are primarily com- 
munications satellites. Technically they are a great 
advance on the earlier models. They are the first of 
the AMSAT-OSCAR-B series of amateur radio 
satellites, representing a second generation of OSCAR 
spacecraft. They are solar -powered and designed for 
operating lifetimes of a year or more. Several sub- 
systems have been developed for this series of 
satellites by radio amateurs in several countries of the 
world. A linear repeater was developed by amateurs 
at the University of Marburg in West Germany. It has 
an input frequency of 432 MHz and an output fre- 
quency of 146 MHz. A second linear repeater was 
fabricated by amateurs in the Washington D.C. area. 
The input frequency of this was in the 146 MHz 
amateur band and its output around 29.5 MHz. A 
third repeater was developed by amateurs in 
Melbourne, Australia. A morse code and teletype 
message storage unit called CODESTORE was also 
developed for storage and forward communication 
applications. A particularly interesting feature of this 
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series of satellites is the telemetry systems they carry, 
giving information on many parameters of the 
satellite, such as solar panel currents, battery 
voltages, temperature, power output and so on. These 
are transmitted both by morse code and teletype, the 
former giving students a most excellent opportunity of 
copying signals which they can then convert into real 
information. 

OSCAR 6 was launched along with a NOAA 2 wea- 
ther satellite on October 15th, 1972 by a Thor Delta 
Rocket. It was designed for a life -time of one year, but 
it is still going strong. Both it and OSCAR 7 are con- 
trollable from ground control stations, and in this 
way, conservation of batteries has been possible. It is 
in a circular polar orbit 910 miles high. Orbit time is 
115 minutes with an inclination of 101.77 degrees. 

OSCAR 7 was launched on November 15th 1974. It 
was launched by NASA from the Western Test Range 
in California. It was launched from a Delta Rocket 
along with the NOA 4 weather satellite, and the 
Spanish INTASAT communications satellite. It went 
into an orbit similar to that of OSCAR 6. 

OSCAR 7 was built by radio amateurs in Australia, 
Canada, Germany and the United States and is the 
culmination of a four year project by the Radio 
Amateur Satellite Corporation (AMSAT) - now a 
world-wide organisation of amateur radio operators. 
According to Project Manager, Jan A. King of the 
Goddard Space Fight Centre, a satellite performing 
the functions of OSCAR 7 would cost nearly two 
million dollars to build commercially. 

OSCAR 7 was in fact built largely from volunteer help 
with a cash investment of about 60,000 dollars. These 
funds came from contributions by individuals and 
organisations sympathetic to the project. 

Space -qualified components and test equipment 
worth thousands of dollars were donated by a number 
of aerospace companies, including RCA, Amatek- 
Hunter Spring, Hi -Shear, Eimac, Yellow Springs 
Instruments, Microwave Semiconductor Corp., Com- 
munications Transistor Corp., Flike Manufacturing 
Co., Wide -Band Engineering, and Savoy Electronics. 
In addition, surplus satellite hardware, such as solar 
cell panels and nickel cadmium rechargeable 
batteries all left over from other space projects, Were 
made available for OSCAR. 

Dr. Perry I. Klein, AMSAT's President, reports 
that 2,400 amateur radio stations in 87 countries have 
been using OSCAR 6 since that space -craft's launch 
over two years ago. Among the users are 180 stations 
in eastern Europe, including 40 in Czechoslovakia and 
55 in the Soviet Union. Apart from the interest af- 
forded radio amateurs in communications via these 

satellites, they have introduced many students in the 
sciences, as well as many who have only an "amateur" 
interest, to an understanding and participation in 
space techniques. 

For a proper use of these satellites, prediction 
systems must be used, and with the aid of predictions 
issued from various sources and orbital calculators, 
participants can calculate the times and position of 
orbits near their locations. In fact a whole educational 
system using facilities provided by these satellites 
has been built up, covering many scientific 
disciplines. In the Fall term of 1971, â graduate 
workshop on amateur satellites was conducted by the 
University of Hartford College of Education, USA, to 
develop curricula on the use of amateur satellites in 
the classroom. From their studies it was apparent that 
;n Physics basic orbital mechanisms can be studied; 
;he relationship between orbital altitudes, velocity 
and period, Doppler shifts, their calculation and sub- 
sequent actual satellite observations; radio wave 
propagation such as polarization, Faraday fading and 
skip propagation, can all be explained and illustrated 
by means of the received satellite beacon signals. 

In Mathematics the orbit equations and Doppler 
shift relationships can be derived. The data from the 
satellite telemetry can be decoded and interpreted in 
terms of linear algebraic equations and simple graphs. 

The Spacecraft environment can be explained and 
illustrated by means of the satellite's "housekeeping" 
telemetry, which provides information on the 
spacecraft's temperature and orientation. The day-to- 
day variations of various telemetered parameters can 
be recorded and students encouraged to explain 
trends in 

In Space Science, propulsion, radiation, Van Allen 
belts, weightlessness, conduction, radiation eclipse 
and reliability are among the many concepts that can 
be illustrated and tied to interpretation of the 
spacecraft's telemetry transmissions. 

Many other similar scientific disciplines were 
similarly treated and it was quite obvious that quite 
apart from communications potential, these amateur 
radio satellites had educational potential of enormous 
proportions. In fact a "Curriculum Supplement for 
Classroom Use" has now been produced by the 
Talcott Mountain Science Centre, in collaboration 
with the American Amateur Radio Relay League and 
with AMSAT, in the form of a booklet entitled "Space 
Science Involvement", which sets out in great detail 
much of what has been said in this paper and gives a 
complete series of classroom activities in numerous 
science disciplines, making use of the facilities offered 
by these satellites. 

"R.S.G.B. Lecture" on Amateur Radio Satellites 
The Sayoy Place, Institution of Electrical Engineers, "R.S.G.B. Lecture", held in 

November, last, was on the subject of Amateur Radio Satellites, and was given by Pat 
Gowen, G310R, supported by members of AMSAT-UK. 

Pat Gowen dealt ably with the background to the topic, illustrating with slides, the 
build-up from the first of the amateur radio satellites to the communication OSCARS 6 and 
7. Both his tape recordings and those of Brian Bower, G3C0J, who dealt specifically with 
communication via the 7o cm up/ 2 metre down channel on OSCAR 7, gave those of the 
audience who had never had experience of OSCAR communications a good idea of the 
possibilities of this mode of amateur radio communiation. David Walland, gave a talk on. 
the methods of tracking these satellites and Martin Sweeting of the University of Surrey, 
dealt with some of the difficulties of running a Control Station for the turning on and off of 
OSCAR 6. 

An interesting evening, much enjoyed by the audience, and a credit to those who 
presented it. A.C.G. 
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Water Level 
Sensor By R. Desmond 

A simple circuit which gives 
warning if a volume of water rises 

above a pre -determined level. 

A water level sensor can be a useful device and may 
be employed to warn against flooding or to ensure that 
water does not rise to too high a level in a pool or tank. 

Pure distilled water does not conduct electricity. On 
the other hand, ordinary tap water or river water 
readily passes a current if two metal probes are im- 
mersed in it. The unit to be described takes advantage 
of this effect. 

CIRCUIT OPERATION 
The circuit diagram of the main section of the water 

level sensor appears in Fig. 1. Power is provided by 
the heater transformer Tl, whose 6.3 volt secondary 
couples to the bridge rectifier given by D2 to D5, 
whereupon a rectified voltage of around 8 volts 
appears across the electrolytic reservoir capacitor Cl. 
In the circuit diagram the upper supply rail is 
negative. The lower supply rail is positive and also 
connects to the chassis of the unit. 

The two probes which will be used to monitor the 
water level connect to terminals A and B. Terminal B 
connects to chassis whilst terminal A couples to the 
base of TR1 via R2. R2 limits possible current flow in 
TR1 base. Also, its presence in combination with pre- 
set potentiometer R1 allows a control of sensitivity to 
be obtained. 

TR1 and TR2 form a high gain switching circuit. If 
there is no circuit path between terminals A and B, 
TR1 is cut off and it passes no collector current. In 
consequence, no current flows to the base of emitter 
follower TR2, and the emitter of this transistor is at 
chassis potential. 

If terminals A and B are bridged due to the probes 
being immersed in water, transistor TR1 turns hard 
on and its collector potential rises nearly to that of the 
negative supply rail. The emitter of TR2 rises to a 
slightly lower value, causing relay RLA to become 
energised. The relay contacts change over to the 

A 

To probes 

B 

TRI 

BC 107 

o 7, 

TR2 

ACY18 

RLA 

Relay coil 

SI 

c 

BC107 ACYI8 
Lead -outs 

Relay 
contacts 

RLA1 
To warning 

circuit 

Fig. 1. The main switching section of the water level sensor 

E 

AC 
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COMPONENTS 

Resistors 
R1 25kû pre-set potentiometer, skeleton 

R2 47kû } watt 10% 

Capacitor 
Cl 400µF electrolytic, 16V. Wkg. 

Transformer 
Tl Heater transformer, 6.3V secondary 

Semiconductors 
TRl BC107 
TR2 ACY18 
D1 -D5 1N4002 

Relay 
RLA 410û relay (see text) 

Switch 
S1 d.p.s.t. toggle 

Miscellaneous 
Probe, or probes, and bracket 
Components for warning circuit 

energised position, whereupon the warning circuit is 
operated. The latter may incorporate an electric bell, 
a warning light or any similar device. 

The relay will remain in the energised state until 
the water level falls below the probes and the circuit 
between terminals A and B opens again. Dl, across 
the relay coil, is the usual protective diode which 
prevents the appearance of a high back-e.m.f. in the 
coil when the relay releases. 

The components are all standard parts. Tl may be 
any heater or filament transformer with a secondary 
voltage of 6.3 volts. The secondary current rating of a 
transformer of this type will be 0.5 amp or more; well 
in excess of requirements in the present application. 

The relay is a `Miniature Open P.C. Relay having a 
4100 coil, available from R.S. Components or Doram 
Electronics. This has coil and contact tags suitable for 
printed circuit connections, but it may also be 
mounted with its tags pointing outwards by means of 
two 8BA bolts and nuts. The contacts are changeover, 
and are rated 5 amps at 250 volts a.c. or 30 volts d.c. 
The metal body of the relay is common with its mov- 
ing contact, and so care must be taken to avoid 
touching it if this contact is used to switch mains 
voltages. In this case the relay will have to be mounted 
on a sheet of s.r.b.p. (Paxolin') to provide insulation. 
In any event, the whole unit of Fig. 1 must be enclosed 
in a suitable housing with all safety precautions 
against accidental shock properly observed. 

THE PROBES 
The probes can consist of two stout p.v.c. covered 

wires positioned away from each other by several in- 
ches in the manner illustrated in Fig. 2. The bottom 
half -inch of each wire is bared. The wire may be or- 
dinary tinned copper and this will withstand corrosion 
for a considerable length of time. The lower ends can 
be tinned with a soldering iron to ensure that all 
copper is covered. 

The two wires may be supported about three or four 
inches above their ends, as is also shown in Fig. 2. 
This method of mounting will reduce leakage paths if 
the water should rise well above the probe tips before 
it falls below their level again. The probe tips are, of 
course, at the level to be reached by the water when it 
is desired that warning be given. 

If the main unit is close to the probes, the connec- 
tions to these from terminals A and B may be made 
via a length of twin flex. If, on the other hand, the 
probes are some distance away or if the interconnec- 

ting wire passes close to unscreened mains wiring, 
it would be preferable to employ screened wire, con- 
nected as shown in Fig. 3(a). This will ensure that 
there is no risk of hum voltages being applied to the 
base of TRl, where they might cause erratic operation 
of the relay. The screened wire can consist of televi- 
sion aerial coaxial cable or audio screened wire. 

In instances where the volume of water is outdoors 
it will probably be at earth potential, this being the 
case if the water is, say, in an outside pool. In this in- 
stance one probe can be dispensed with, if desired, 
whereupon terminal B connects to an earth point 
either at or near the volume of water, as in Fig. 3(b). 

Rl controls the sensitivity of the unit. Due to their 
damp environment there is the possibility of a high 
resistance leakage path existing between the probes, 
or between a single probe and earth, and it would be 
undesirable to have this operate the relay. In conse- 
quence Rl is set to give the sensitivity applicable to a 
particular installation. 

P.V.C. covered 
wire 

Bracket 

Wire ends bared 

Fig. 2. The two probes are mounted with their 
tips at the pre -determined water level. The 
mounting bracket has the general shape shown 

here and may consist of metal or wood 
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Fig. 3(a). It is desirable to use screened wire for 
connecting to the probes if the wire is long or 

passes near mains wiring 

(b). For some outside applications, only one 
probe is required 

After the unit has been completed it may be check- 
ed by immersing the probes or probe into the water 
with RI. at the maximum resistance setting. The relay 
should then operate. The resistance inserted by Rl is 
then reduced until the relay releases. Relay release 
may occur when Rl slider is quite close to the 

Probes 

(a) 

Single 
probe 

L Local earth 
point 

(b) 

E 

minimum resistance end of the track. After this the 
resistance of RI. should be increased once more until it 
is advanced past the point where the relay energises 
again by a reasonable factor. 

The probes or probe are then fitted in their final 
position, and the water level sensor is ready for use. 

OIL RIG TRANSDUCERS 
The drawing of a representative 

offshore oil rig illustrates the wide 
range of electronic sensors and 
transducers which are employed for 
static and dynamic measurement in 
fixed marine installations. All of these 
are supplied by Transducers (C.E.L.) 
Limited, Trafford Road, Reading, 
RG1 8JH. 

The load applications employ com- 
pression cells and are used for measur- 
ing such quantities as anchor winch 
tension. The tension cells proper give 
indications of towing forces. There are 
also compression cells for weighing 
and for the determination of the centre 
of gravity of a rig. Most of these cells 
have ranges from zero to hundreds of 
thousands of kilograms. Inclination 
cells sense angle to the vertical whilst 
acceleration cells provide feedback of 
roll and other movement. 

The general range of transducer 
systems employed in the current high 
technology offshore sites include un- 
derwater pressure sensors; hydraulic 
system pressure sensors, drill string 
weight indicator systems, mud 
pressure sensors, module and jacket 
weighing systems, and running line 
tension systems. A fantastic range of 
electronic measuring devices for an 
equally fascinating engineering 
a chievement. 
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GUITAR HEADPHONE 
AMPLIFIER 

M. G. Argent 

This little amplifier allows guitar 
practice and tuning up without dis- 

turbing others. 

The component parts of the prototype amplifier 
fit snugly into a small plastic case 

Input 

A 

JK1 

C3 

The amplifier to be described is a very useful unit 
which enables the electric guitar player to practice 
without outside disturbance. It is particularly 
valuable when tuning up in a dressing room while 
another band or group is playing live on stage. Using 
the guitar under such conditions would otherwise be 
virtually impossible. 

THE CIRCUIT 
The circuit, which appears in Fig. 1, employs an 

MC1306P integrated circuit, which will give an output 
in excess of the headphone requirements. 

The input from the guitar passes via Cl and R1 to 
pin 6 of IC1. The gain and frequency response are 
determined by R2, C2 and C3. The output of IC1 
appears at its pin 3, and this is applied to the output 
jack via C5. C4 and R3 form a Zobel network which 
counteracts the inductive properties of the 
headphones and aids stability. 

Both the input and output jack sockets are stan- 
dard '-,in. types. The output jack socket has a contact 
which makes when the headphone plug is inserted. 
This contact switches on the amplifier and saves an 
on -off switch. However, an ordinary jack socket can be 
used, if desired, and a normal on -off switch fitted. 
There is no volume control, as the guitar will have its 
own control built-in. The headphones may have any 

C5 

C4 

Output 

V n 

JKZ 

BY! M. 
9V y 

Fig. 1. The most important component in the guitar amplifier is the integrated circuit type MC1306P. 
This provides all the amplification required 
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All parts are completely enclosed when the lid 
of the plastic case is fitted 

impedance provided this is not lower than 8Q. When 
using the amplifier for the first time keep the guitar 
volume low initially. With sensitive low impedance 
phones the volume level could be high, as the i.c. is 
capable of developing 500mW in an 852 load. 

The integrated circuit is available from 
Chromasonic Electronics, 56 Fortis Green Road, 
Muswell Hill, London N10 3HN. Standard kin. jack 
sockets having two "make" contacts (of which only 
one is required here) may be obtained from Home 
Radio (Components) Ltd. 

The amplifier can be powered by a PP3 or PP3-P 
the longer life. 

current consumption is approximately 4mA. 

COMPONENTS 

Resistors 
(All I watt 10%) 

Rl 47k52 
R2 470k1) 
R3 1052 

Capacitors 
Cl 0.1pzF plastic foil 
C2 47pF ceramic tubular 
C3 0.047/2F plastic foil 
C4 0.047HF plastic foil 
C5 470íF electrolytic, 10 V. Wkg. 

Integrated Circuit 
IC1 MC1306P 

Sockets 
JK1 }in jack socket 
JK2 }in. jack socket with "make" contact (see 

text) 
Battery 

BY1 9 volt battery type PP3 or PP3-P (Ever 
Ready) 

Miscellaneous 
Veroboard, 0.lin. matrix 
Battery connector 
Plastic or wooden case 
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Fig. 2. The copper and component sides of the 
Veroboard panel on which the amplifier is 

assembled 

VEROBOARD LAYOUT 
Apart from the two jack sockets, the components 

are assembled on a piece of 0.lin. matrix Veroboard 
having 13 strips by 24 holes. The component and 
copper sides of this board are illustrated in Fig.2. The 
strips are cut at four points, as indicated in the 
diagram, by means of a Vero spot face cutter or a 
small twist drill. 

When fitting components to the board, ensure that 
ICl and C5 are installed the correct way round. 
Assemblywill be eased if C5 is the last component to 
be fitted. The junction of R3 and C4 consists of a 
solder joint above the board; this junction does not 
connect to any of the copper strips. 

The input lead consists of screened wire, the 
braiding of which connects to the "sleeve" contact of 
JK1 whilst the centre wire connects to the "tip" con- 
tact. The lead from hole M2 connects to the "tip" con- 
tact of JK2, and the lead from El connects to the 
"sleeve" contact of this socket. A lead from the 
"make" contact of JK2 then connects to the negative 
terminal of the battery. 

The amplifier may be housed in any small plastic 
or wooden case of suitable size. The authors unit 
fitted comfortably in a small plastic soap dish with 
lid, this measuring approximately 34 by 24 by 1}in. 
deep. The layout can be seen in the accompanying 
photograph, which also illustrates the types of jack 
socket employed. JK2 is the socket alongside the 
battery connector. The Veroboard panel fits snugly 
across the width of theplastic case, and apiece of foam 
plastic glued to the inside of the lid holds the battery 
In place when the lid is fitted. 
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ELECTRONIC 
LOCK By Phoebus Polydorides 

An ingenious circuit approach which will be of particular interest to the experimenter. 

The unit described in this article is intended for the 
more advanced constructor who is prepared to experi- 
ment a little, since some of the parts employed are not 
standard components. However, the principles in- 
volved are quite simple and should not raise many 
problems for the experienced reader. 

The device is mounted behind a hole in a panel and 
consists of an electronic lock which can only be open- 
ed by inserting the proper key through the hole. The 
key? A ferrite rod! 

It is unlikely that there will be many thieves 
wandering around with a selection of ferrite rods in 
their pockets. When a ferrite rod of the correct 
diameter is passed into the hole a relay energises and 
its contacts cause a solenoid to release the lock. The 
unit only draws current from its battery when the 
ferrite rod is inserted. 

BCIO9 
Lead -outs 

R1 

R2 

THE CIRCUIT 
Basically, the circuit consists of a `transmitter' os- 

cillator to which a `receiver' responds when the ferrite 
rod is inserted into their respective coils. The ferrite 
rod provides inductive coupling between the coils. 

As shown in Fig. 1, the transmitter' oscillator in- 
corporates transistor TR1. This has Cl across its 
collector and emitter to maintain oscillation, the os- 
cillator coil Ll being partly tuned by TC1. The 
emitter bias resistor, R3, is bypassed by C2, and R1 
and R2 provide base bias. Coil Ll is tapped close to its 
lower end, as shown in the diagram, to give a 
reasonable impedance match to the transistor. 
However, the circuit will also operate without this tap, 
the upper supply rail connecting directly to the lower 
end of the coil. This alternative method of connection 
permits the use of ready -wound coils without taps. 

TRI 

BC109 
TC1 

LI 
e 

Ferrite 
rod ' I I 

1 

1 

1 

1 

1 

I 

i 

DI 

Relay 
contacts ""'"11" To solenoid 

circuit 

± 
D2 

+ 

R4 V 
2 TC2 

TC3. 

T'4 

RLAI 

TR2 

BC109 

Fig. 1. The circuit of the electronic lock. It is operated by passing the ferrite rod through Ll and then L2 
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The ferrite rod is inserted so that it passes through 
Ll and the 'receiver' coil L2, thereby closing press - 
button S1 and turning on the oscillator. L2 is tuned by 
TC2 to the oscillator frequency, and the r.f. signal in- 
duced in it is rectified by D1. The rectified signal, 
converted to a steady direct voltage by C3, R4 and C4, 
is then passed to the base of TR2 which turns on and 
causes the relay to energise. 

It will be seen that the lock can only be opened by 
inserting a ferrite rod. If a rod of any other material is 
passed through the coils there will not be the requisite 
inductive coupling between them, and the lock will 
not operate even if Si is closed. 

THE COILS 
The coils are, of course, the most important part of 

the assembly. To keep dimensions small a narrow 
diameter ferrite rod should be employed. Here, 
Henry's Radio list a ferrite rod with a length of 89mm. 
(3.5in.) and a diameter of 6.4mm. (0.25in.). 

Home -wound coils may be wound on a former of 
approximately 8.5mm. diameter which permits the 
entry of the ferrite rod. Litz wire taken from an old i.f. 
transformer is most suitable, and both coils may con- 
sist of 200 to 2F0 turns, each scramble -wound to take 
up a length of 8mm. on the former. The tap in L1 is 40 
to 50 turns from one end. It will help to wind L2 on 
adhesive tape, sticky side out, so that it may be moved 
along the former. Both the trimmers, TC1 and TC2, 
have high values, giving a wide range of adjustment. 

Ready-made coils from an old valve i.f. transformer 
may also be used, if their formers allow the ferrite rod 

COMPONENTS 

Resistors 
(All ; watt 10%) 

Ri 3.9k0 R3 3300 
R2 1.2k51 R4 22k0 

Capacitors 
Cl 200pF silvered mica 
C2 2,000pF disc ceramic 
C3 0.05µF plastic foil 
C4 1µF plastic foil 
TC1 150-750pF mica trimmer 
TC2 150-750pF mica trimmer 

Inductors 
Ll, L2 (see text) 

Semiconductors 
TR1 BC109 
TR2 BC109 
D1 OA81 
D2 1N4002 

Switch 
Si press -button, push to make 

Relay 
RLA1 (see text) 

Miscellaneous 
Ferrite rod (see text) 
9 volt battery 

Ferrite rod 

Fig. 2. When the ferrite rod 
has passed through the coils 
it presses push-button Si, 
thereby switching on the cir- 

cuit 

to pass through. In this case there is no tap in L1 and 
this is connected up as described earlier. 

ADJUSTMENTS 
Once the unit has been assembled insert a 0-100mA 

meter bypassed by a 0.11.L.F capacitor at its test clips 
between the upper supply rail and L1. Connect a se- 
cond meter capable of reading currents up to 150mA 
in place of the relay, with an 820 current limiting 
resistor in series. Do not insert the ferrite rod at this 
stage. 

Bypass S1 and adjust TC1 for a dip in TR1 current 
consumption. Similarly adjust TC2 for lowest current 
in TR2 collector circuit. Insert the ferrite rod into the 
coils. When it enters L2 the current reading in both 
meters will show a sharp increase. Readjust the 
trimmers for maximum difference in TR2 current 
between the states where the rod is inserted and 
removed, and for a reasonably low current in TR1 
commensurate with this condition. If the position of 
L2 is adjustable, it may be moved along the former for 
best results. 

With the author's unit it was found that, with S1 
bypassed and no ferrite rod in the coils, the current in 
TR2 collector circuit was 20mA. This rose to 80mA 
when the rod was inserted. The relay should be a type 
which is capable of energising at the higher current 
and releasing at the lower current. Alternatively, a 
more sensitive relay, such as the Doram 'Miniature 
Open P.C. Relay' with 4100 coil may be employed 
with a resistor connected across its coil to pass part of 
the collector current. The value of the resistor is found 
by experiment after the minimum and maximum 
collector currents in TR2 have been determined. To 
prevent excessive dissipation in TR2, the resistance in 
its collector circuit must never be less than 820. 

Fig. 2 shows the manner in which the two coils are 
mounted. The press -button switch is fitted at the end 
remote from the point where the ferrite rod 'key' is in- 
serted. 
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In your 
worksh 

"Transistor circuits," boasted Dick, 
"I've seen them all!" 

Smithy took an enormous draught 
from his disgraceful tin mug and sur -b 

veyed his assistant dispassionately. 
"Yes," vaunted Dick. "I've seen 

them all, every one. Common base, 
common emitter, common collector, 
the lot!" 

In a virtual transport of self- 
aggrandisement, Smithy's assistant 
sprawled carelessly on his stool. The 
pair had just finished their lunch and 
Smithy was now approaching hydra- 
tion equilibrium by the intake of vast 
quantities of tea. 

"You certainly seem," he remarked 
musingly, "to be pretty sure of 
yourself." 

NOVEL CIRCUIT 
"Of course I am," replied Dick 

loftily. "Look at all the transistor cir- 
cuits I've fixed since I started this ser- 
vicing racket. Now I know that you're 
supposed to be the brains of this outfit, 
Smithy, but I reckon, if I think hard 
enough about it, I could still show you 
a thing or two so far as transistor cir- 
cuits are concerned." 

Had Dick been watching the Ser- 
viceman as he made this assertion, in- 
stead of gazing airily around the 
Workshop, he would have noted the 
thoughtful gleam that suddenly 
appeared in Smithy's eyes. 

"I should imagine," stated Smithy 
artlessly, "that we older ones do have 
to concede that the younger generation 
coming up must eventually learn more 
than we know." 

"Well," replied Dick condescen- 
dingly, "youth is bound to triumph in 
the end. Of course, the last thing I 
would ever do is pretend to be better 
than I am, and I don't want you to 
think that I'm doing so now. It's just 
that over the years I've been preparing 
myself." 

"Preparing yourself?" 
"Preparing myself," repeated Dick 

firmly. "I don't want to sound cruel, 
Smithy, but we've got to see things as 
they actually are. I mean, it will be 
only a couple of years before I'll be 
looking after this Workshop all on my 
own." 

Smithy picked up his mug and rais- 
ed it to his lips. 

"And where," he asked caustically 
before he commenced drinking, "will I 
be?" 

"Oh, I don't know," replied Dick 
carelessly, "probably in the local ger- 
iatric ward." 

Smithy spluttered and a stream of 
tea ran down his chin onto his overall 
hacket. Hastily, he pulled out his 

andkerchief and mopped his face and 
jacket. 

"Darn it," he grumbled, "that's the 
last of this mug of tea gone." 

"Don't worry, Smithy," said Dick, 
getting lazily to his feet. "I'll get you 
some more. I suppose you can't really 
help it if you get a bit dithery every 
now and again." 

Dick took the mug from the now 
speechless Smithy, and carried it over 
for replenishment to the motley collec- 
tion of utensils ranged alongside the 
Workshop sink. Smithy glared at his 
retreating back, and then continued 
the train of thought that had com- 
menced some moments earlier. 

When Dick returned with the mug, 
now full of tea, he found the Ser- 
viceman had started to sketch out a 
circuit on his note -pad. Intrigued, 
Dick watched silently until Smithy 
had completed the circuit, then looked 
at it closely. (Fig. 1). 

"That looks a bit unusual," he 
remarked. "What's it meant to be?" 

"What does it look like?" 
"I suppose," said Dick, "it's some 

sort of amplifier. I should imagine that 
you put in an input at the base of the 
BC107 you've marked as TR1 and get 
an output at its collector." 

This month Smithy the 
Serviceman takes a rest 
from his usual servicing 
duties and introduces his 
assistant to a circuit which, 
at first sight, has quite un- 

usual properties. 

"Dear me," remarked Smithy mild- 
ly, "you really do give the impression 
of being clued up about transistor cir- 
cuits. I dreamed up this particular cir- 
cuit some time ago and I'm going to try 
it out in practice as soon as I have a lit- 
tle spare time." 

"I'll try it out for you," offered 
Dick. "You've come to the right bloke 
if you want to find out about transistor 
operation." 

Dick tore the sheet on which Smithy 
had drawn the circuit from the top of 
the note -pad then carried it over to his 
bench. He quickly found the few com- 
ponets required, together with a small 
tagboard on which they could be 
assembled. As he wired up the circuit, 
Smithy leaned back against his own 
bench and sipped his tea. The suspi- 
cion of a grin hovered around his lips. 

With a clatter, Dick replaced his 
soldering iron on its rest. 

"It's all complete," he called out. 
"What do you want me to do next?" 

"Just couple it up to a 9 volt 
battery," replied Smithy. "You'll also 
need another 4711 resistor and your 
testmeter." 

BC107 
Lead -outs 

Fig. 1. They circuit which 
Smithy drew for his assis- 

tant 
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External 47kn 
resistor 

Testmeter 

(o) 

External 
47kn 
resistor 

(b) 

External 
47kn 
resistor 

i 

(c) 

Fig. 2(a). Dick measured the voltage between TR1 base and the negative rail when an external 47k û 
resistor was first applied across the 47kû resistor in Smithy's circuit and then across the 22k resistor 

(b). Next, Dick checked the voltage at TR1 emitter under the same conditions 
(c). When, finally, Dick measured TR1 collector voltage, with the external 47kû resistor applied first 
across the internal 47k resistor and then across the 22k û resistor, he encountered Smithy's little 

paradox 

Several moments passed whilst 
Dick fitted two crocodile clips to the 
supply leads for the circuit and con- 
nected these to a PP9 battery. He next 
found another 47kû resistor and pull- 
ed his testmeter towards him. 

"All set," he called out. 
"Right," said Smithy briskly. 

"Well, first of all put your testmeter to 
a suitable volts range and connect it 
between the negative supply rail and 
the base of TR1. Okay? (Fig. 2(a).) 

"Sure," replied Dick, as he turned 
the range switch on his testmeter. He 
picked up its test clips and applied 
them to the circuit. I'm getting a 
reading of, let me seen now, almost ex- 
actly 2 volts." 

"Good," replied Smithy, "Now tem- 
porarily connect that extra 47kí1 
resistor across the existing 47kû 
resistor in the circuit and see what 
voltage you get." 

"Righty-hò," responded Dick, pick- 
ing up the 47k û resistor, and bridging 
it across the resistor in the circuit. 
"Well, the voltage reading has gone up 
to 3.6 volts." 

"Now," continued Smithy, "connect 
the external 47k û resistor across the 
22kû resistor." 

"Okey-doke," called out Dick. 
"I'm doing that right now. The 
voltmeter reading has dropped to 
around 1.6 volts." 

"That's fine," commented Smithy. 
"The voltage fall is less than the 
previous voltage rise partly because 
22kû is lower than 47kû and so the 
effective reduction in resistance is less, 
and partly because there's a higher 
current in the 47kû resistor in the cir- 
cuit because of the base bias current 
which flows in it." 

SIGNAL INPUT 
"I think I've got the idea of what 

you're doing here," remarked Dick 
brightly. "Altering the base voltage by 
temporarily applying the external 
47kû resistor is more or less the same 
as applying an input signal voltage, 
isn't it?" 

"You could say that." 
"I tell you," crowed Dick 

triumphantly. "When it's information 
on transistors you need, I'm your man. 
What next, Smithy?" 

"Connect your testmeter between 
the negative supply rail and the 
emitter of TR1," replied Smithy. 
"Then repeat the operation." 

Smithy took up his tin mug and 
drank deeply of its contents whilst 
Dick reconnected the positive clip of 
his testmeter. (Fig. 2(b).) 

"First reading coming up," stated 
Dick. "The voltage on the emitter 
without the external resistor applied is 
1.6 volts. When I connect the external 
resistor across the 47kû resistor in the 
circuit the emitter voltage rises to 3.2 
volts. Shouldn't it be 3 volts, to make it 
0.6 volt lower than the corresponding 
voltage on the base? The BC107 is a 
silicon transistor, and there should be 
about 0.6 volt across its base -emitter 
junction." 

"The reading at the base," replied 
Smithy, "was probably a bit lower 
than it should theoretically be because 
of the small current drawn by the 
testmeter itself." 

"That seems reasonable enough," 
stated Dick. "Well, I'm putting the ex- 
ternal 47kû resistor across the 22kû 
one. Whereupon the voltage on the 
emitter drops to - hang on a jiffy - 
about 1.1 volt." 

"Very good." 
"Where," asked Dick a little 

irritably, "is this getting us? All we've 
found out up to now is that the voltage 
on the emitter goes positive when the 
base goes positive, and it goes negative 
when the base goes negative. That's 
what's bound to happen." 

"The next voltage to check," stated 
Smithy, ignoring his assistant's com- 
ments, "is the voltage between the 
negative supply rail and TR1 collec- 
tor." 

"Corblimey," complained Dick. 
"The collector voltage will change 
also. When the base goes positive the 
collector will go negative, and vice ver- 
sa. Hell's teeth, Smithy, anyone could 
tell you that." 

"Neverthelesss," remarked Smithy 
gently, "it would still be of interest to 
repeat the operation with the external 
resistor and see what voltages you ac- 
tually get at the collector." 

Grumbling, Dick connected the 
positive testmeter clip to the collector 
of TR1 (Fig. 2 (c).) 

"Right," he stated. "Now, the 
collector voltage without the external 
resistor applied is 7.1 volts. I'm now 
applying the external resistor across 
the 47kû resistor." 

Smithy picked up his mug once 
more and waited expectantly. For a 
very long time there was complete 
silence from Dick's bench. Smithy 
sipped his tea contentedly. 

A low crazed monotone became 
audible. Smithy pricked up his ears. 

"It's the strain of working in these 
surroundings, that's what it is," Dick 
mumbled to himself, "day after day, 
messing around with electronics. Well, 
it's finally happened. I've now gone 
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right off my trolley. Doolally Dick 
they'll be calling me from now on." 

"Are you," called out Smithy, "hav- 
ing any trouble?" 

"Trouble, he says. Here am I going 
stark raving bonkers and he asks me if 
I'm having trouble!" 

"It seems evident," stated Smithy, 
"that some little phenomenon has tem- 
porarily unnerved you." 

Dick recovered his full voice. 
"Some little phenomenon?" he 

repeated. "Ye gods, this circuit of 
yours is diabolical." 

"You put it together." 
"I know I did," moaned Dick regret- 

fully. "I wish I'd never seen the horri- 
ble thing." 

"What did the collector voltage 
change to when you connected the ex- 
ternal resistor?" 

"That's the whole thing," wailed 
Dick. "The collector voltage didn't 
change at all, it just stayed at 7.1 volts! 
I've repeated all the previous voltage 
checks at the emitter and the base just 
to make sure, and these voltages go up 
when I put the external resistor across 
the 4741 resistor in the circuit and 
they go down when I put the external 
resister across the 2242 resistor. But 
not that collector voltage. It stays fixed 
at 7.1 volts all the time!" 

"Well, fancy that." 
"It just didn't shift at all." 
"Dear me." 
Smithy took a further drink of tea 

and gazed benevolently at his stricken 
assistant. Gradually, the distracted ex- 
pression on Dick's face changed to one 
of budding suspicion. 

"Why, you scheming old devil," he 
said accusingly. "You set this up, 
didn't you?" 

Smithy drank a little more tea, then 
put down his mug. 

"Didn't you?" 
Smithy smiled happily. 

CONSTANT CURRENT 
"Go on, Smithy," persisted Dick, 

"you did set it up, didn't you?" 
"Yes," replied Smithy at last. "I did 

set it up." 
"Why?" 
"Because," snorted Smithy, "I was 

getting fed up with your continual 
bragging about transistor circuits. If 
you'd had one -tenth of the knowledge 
on transistors you've been claiming, 
you'd have straightaway spotted 
something in that circuit which would 
have given you a clue to its perfor- 
mance." 

"What," asked Dick, "did I miss?" 
"You failed to notice the obvious 

fact," said Smithy, "that the BC107 in 
the TR2 position is connected as a con- 
stant current source." 

"Blimey, is it?" 
"It is indeed. Now there's been 

enough written about constant current 
sources over recent years and so I 
don't need to give a long explanation as 
to why TR2 provides a constant 
current. Briefly, its base is held firmly 
at about 1.2 volts above the negative 

rail by the two forward biased 1N4002 
silicon rectifiers and there is an 0.6 
volt drop, or thereabouts, in its base - 
emitter junction. Okay?" 

"Yes," said Dick reluctantly. "I'm 
with you up to now." 

"So," pronounced Smithy, "there's 
approximately 0.6 volt remaining 
across the 1505 resistor, whereupon 
an emitter current of about 4mA flows 
in it. As the voltage and resistance are 
fixed that 4mA represents a constant 
current. Also, since the emitter and 
collector currents of a high gain tran- 
sistor are very nearly equal, TR2 
offers a constant collector current of 
about 4mA, too. That constant current 
flows through TR1 and the 470 2 
resistor in its collector circuit." 

Smithy rose and walked over to his 
assistant's bench so that he could point 
out the route of the constant current. 
(Fig. 3). 

TRI 

470n 

TR2 

Constant current 
flow 

Fig. 3. The constant current 
from TR2 collector flows 
through TR1 and the 470 S2 

resistor in TR1 collector cir- 
cuit. (Current flow from 
negative to positive is 

assumed here) 

"This," said Dick, frowning, "takes 
a bit of absorbing. You say that the 
constant current of 4mA flows all the 
time in the 470 2 resistor?" 

"I do," affirmed Smithy. "It will 
always flow, provided of course that 
there is sufficient base bias to TR1 to 
maintain it. Since there is a constant 
current of 4mA in the 47052 resistor 
there must always be a constant 
voltage of a little less than 2 volts 
across it. And that's just what you 
found in practice." 

"Let's take things a little more 
slowly," said Dick. 'All this is a bit 
hard to grasp in one go. When I took 
the base of TR1 positive I must have 
increased the base current. Surely, by 
all that's sensible the collector current 
should have increased, too." ' 

"It couldn't," chuckled Smithy. 
"TR1 is presented with two un- 
avoidable sets of circumstances. It can 
only pass the 4mA constant current 
from TR2, and its collector current 
can only pass through the 470 S2 

resistor. So, provided the base bias 
current is adequate, TR1 is completely 
trapped between these two conditions. 
The only possible change that can oc - 
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cur when you take the base positive is 
a change in the base current itself. 
When the base goes positive the base 
current increases by a tiny bit, this be- 
ing the small amount needed to 
provide for the lower voltage between 
collector and emitter at the constant 
4mA current. Similarly, the base 
current decreases very slightly if you 
take the base negative." 

"Well," said Dick, "I'd never have 
believed all this if I hadn't actually 
seen it for myself. Gosh, I've just 
thought of something!" 

"What's that?" 
"When I started applying that ex- 

ternal resistor to the resistors in the 
circuit," stated Dick, "I said at the 
time that this was taking the base of 
TRl positive and negative in much the 
same way that an input signal voltage 
would." 

"I heard you say that," confirmed 
Smithy. "You said it quite distinctly." 

"But what all this means," wailed 
Dick incredulously, "is that if you ac- 
tually apply an input signal voltage to 
the base of a transistor with a constant 
current source in its emitter circuit 
that transistor will simply not amplify. 
You won't be able to get any signal out 
of its collector!" 

"Very succinctly put." 
"But it's preposterous," exploded 

Dick. "Blimey, for a start the input 
transistors in an operational amplifier 
can have a constant current source in 
their common emitter circuit." (Fig. 
4.) 

"Ah," said Smithy, holding up a 
finger, "but there's a difference there. 
The two transistors in the operational 
amplifier are sharing a constant 
current between them. Neither of the 
two transistors is called upon to pass 
the constant current on its own. 
Unless, of course, the other one is cut 
off." 

Input j \ Input 

Constant 
current 
source 

Fig. 4. Simplified diagram il- 
lustrating a differential 
amplifier at the inputs of an 
operational amplifier. The 
emitters connect to a single 

constant current source. 

"Dear, oh dear me," said Dick, 
sighing. "Well, that's the last time I go 
shooting my mouth off about knowing 
everything on transistor circuits." 

"I'm glad to hear it," replied 
Smithy. "Perhpas you're not so 
shattered as to be unable to get me a 
spot more tea." 

I heed your command, Master." 
Whereupon the chastened Dick 

went once more to charge Smithy's 
mug with the precious life-giving fluid. 

SLIGHTLY NON -CONSTANT 
"Thanks," said Smithy, as Dick 

returned with the mug. "And, now, I 
have a small confession to make." 

"Have you? Well, that's some small 
consolation at any rate." 

"You see," said Smithy, "the 
current flowing in the collector circuit 
of TRl is not a hundred per cent cons- 
tant although it is very nearly so. I 
mentioned just now that there are very 
small changes in the base current of 
TRl when its base is taken positive 
and negative. This base current flows 
into TR2, whereupon TRi collector 
passes the 4mA constant current less 
the changing base current. There are 
also extremely small changes in collec- 
tor current in TR2 as the voltage 
across this transistor varies. In conse- 
quence, the voltage at TRl collector 
actually does change by a tiny amount 
when its base potential is altered. With 

voltmeter having a pointer 
movement these changes are too small 
to discern. But if you'd used, say, a 
digital voltmeter they'd have shown up 
at once." 

"I keep telling you," grinned Dick, 
"that what we need in this Workshop 
is a digital voltmeter, but you never 
listen." 

It was obvious that Dick was fast 
recovering his normal spirits. 

"One little thing that puzzles me," 
he continued, "is why you put a 10µF 
electrolytic across the 15052 resistor." 

"Ah," said Smithy, "that was partly 
the result of a little innate caution on 
my part. If you look at the circuit 
you'll see that there's a possible a.c. 
current path from the emitter of TR2 
all the way up to the collector of TRl. I 
put the electrolytic across the 15052 
resistor just to ensure that TR2 
emitter was responsive to d.c. only. Ac- 
tually, the capacitor isn't really 
necessary with the circuit as it stands, 
but it is needed for a modification I'm 
going to carry out on it." 

"What modification is that?" 
"I'm going to apply an a.f. input to it 

and pass an output from TR1 collector 
to an a.f. amplifier." 

"But," objected Dick, "we alreadv 
know that the circuit doesn't amplify. ' 

"In practice," stated Smithy, "it 
lets a very small amount of signal 
through because, as I explained just 
now, the current in the 470í1 resistor is 
marginally short of being absolutely 
constant." 

He took out a ball-point pen leaned 
forward and commenced to add some 
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Fig. 5. An experimental circuit offering a means of low im- 
pedance volume control. The 5k S2 potentiometer and switch may 
be positioned remotely from the remainder of the circuit. The out- 
put capacitor value, shown here as 0.02µF can be increased as re- 
quired when the following a.f. amplifier has a low input im- 
pedance. The' a.f. amplifier employed by Smithy was the signal 

tracer described in the last December issue 

further components to his circuit. (Fig. 
'5.) 

he went on, "this circuit will 
the want it to if we employ 

an a.f. input which is of the order of 
100 millivolts r.m.s. only. For a quick 
experiment I can get an a.f. voltage at 
this level from the earphone socket of a 
transistor radio. So we want an input 
coupling electrolytic of around 81.LF 

and, say, a 1k51 resistor between its 
negative lead and the negative supply 
rail. A twin lead can then go to the 
transistor radio by way of a jack plug 
connected so that its sleeve is common 
with the negative supply rail." 

"What's the 1kí1 resistor for?" 
"Just to ensure that there is a d.c. 

'path between the leads from the tran- 
sistor radio," explained Smithy. "The 
earphone output in some radios is 
provided via an electrolytic capacitor. 
The 1kS2 resistor will ensure that this 
capacitor and the 8µF one I've added 
to my circuit are polarised properly. 
The output from TRl collector can go 
to any a.f. amplifier having the re- 
quired sensitivity and an input im- 
pedance greater than lkQ. That old 
ECL82 a.f. signal tracer of ours will do 
excellently here, and since it's got a 
high impedance input the coupling 
capacitor from TRI collector need 
only be 0.02µF. A nice fat 10014F elec- 
trolytic across the supply rails to act as 
a bypass would be a good idea, too." 

"This all seems reasonable enough," 
remarked Dick, "but what's this 5kL1 
pot you've added?" 

"It's a standard sized pot with a 
switch," said Smithy, "and its slider is 
wired to the switch. The added 12052 
resistor from the emitter of TR1 con- 
nects to the end of the track correspon- 

ding to full clockwise rotation of the 
spindle. You don't need to mount the 
pot for a lash-up of the type we'll have 
here. it rest on the bench with 
a couple of flexible leads going to it 
from the rest of the circuit. ' (Fig. 6.) 

"But what's it for?" 
"You'll see in a minute," Smithy 

promised him. "Now get this extra bit 
of circuitry wired up. 

Whilst Dick carried out the Ser- 
viceman's bidding, Smithy selected a 
small transistor radio that he had 
repaired during the morning. He also 
took the a.f. signal tracer from his side 
of the Workshop and carried it over to 
Dick's bench. After a while, Dick an- 
nounced that the added wiring was 
completed. Smithy connected the 
signal tracer to the output of the cir- 
cuit, then switched it on and turned its 

To 120n resistor 

To negative rail 

Fig. 6. Rear view of the 5k II 
potentiometer with switch, 
illustrating the wiring to its 
tags. The appropriate switch 
tags may be identified with 
the aid of an ohmmeter or 

continuity tester 
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volume to full. He next tuned in a local 
station on the transistor radio, turned 
down its volume and inserted the jack 
plug from the circuit. The speaker in 
the radio became silent. After this, 
Smithy adjusted the Mal poten- 
tiometer so that its switch was open, 
and connected the circuit to the PP9 
battery. 

The signal from the local station was 
just audible from the signal tracer 
speaker. 

"That," remarked Smithy, "is the 
little bit of signal that's getting through 
the circuit in its constant current 
state." 

He turned the spindle of the 5k11 
potentiometer just sufficiently far to 
operate its switch. The sound from the 
tracer speaker became noticeably 
louder. 

"And that increase in signal level," 
Smithy went on, "is due to the fact 
that the emitter of TR1 is not con- 
nected to a constant current source 
any more. It's connected to a constant 
current source and a resistance of 
around 5kû. Because of this it's able 
to give some amplification." 

He turned the potentiometer spindle 
clockwise. As he did so the sound from 
the signal tracer speaker increased 
continually until, when the poten- 
tiometer inserted minimum resistance 
it reproduced the sound from the local 
station at quite a high volume level. 

"There you are," said Smithy cheer- 
fully. "As the pot offers less and less 
resistance the circuit changes from the 
constant current condition and TR1 
becomes more and more like a com- 
mon emitter amplifier with an un - 
bypassed emitter resistor. The voltage 
gain is equal to the collector resistance 
divided by the emitter resistance so 
that, at full volume, the output voltage 
is about four times the input voltage. 
At minimum gain with the pot switch 
closed, the output is approximately 
one -tenth of the input. So the volume 
control has a range of 40 to 1, which is 
fairly extensive. Also, the volume 
can be further reduced by turning the 
pot a little more and opening the 
switch. The whole arrangement has 
the makings of a quite serviceable low 
impedance volume control circuit. The 
main thing to remember is that the in- 
put must be kept fairly low. Too high 
an input will break through in the con- 
stant current condition, and will 
overload TR1 when the pot switch is 
closed." 

"Step me," said Dick, supremely 
impressed by this exercise in elec- 
tronic legerdemain. "Are there any 
things to look out for in a set-up like 
this?" 

"There's just one thing," said 
Smithy. "And that's to guard against a 
general effect which is liable to occur 
whenever you connect the earphone 
output of a transistor radio to any wide 
bandwidth a.f. amplifier. quite often 
the earphone output, particularly if 
the radio has a transformerless a.f. 
section, carries quite a bit of r.f. from 
the i.f, stages with it. So, if you find 

In 1 Out 

Negative 
rail 

Fig. 7. The low-pass filter 
shown here may be in- 
serted, if necessary, at the 
input or output of the circuit 
of Fig. 5. Suitable values 
when it is inserted at the in- 
put are 200 f and 0.0512F, 
although these may need to 
be increased if the r.f. con- 
tent in the signal from the 
transistor radio is very high 

any instances of r.f. instability in the 
subsequent a.f. amplifier you can cure 
this by inserting a low-pass filter in the 
circuit. We were lucky and didn't need 
such a filter." (Fig. 7.) 

REDUCED AMPLITUDE 
Dick looked down at the circuit 

which, in its basic form, had caused 
him so much anguish. Experimentally, 
he adjusted the 5k S2 potentiometer for 
maximum volume, then turned it back 
to minimum again. 

"Well, Smithy," he remarked, 
"that's not the only amplitude I'm now 
going to reduce." 

"Isn't it?" 
"No," replied Dick ruefully. "The 

other amplitude I'm going to reduce is 
the amplitude of this darned great 
head of mine!" 

'The horizontal hold seems to have 
gone!" 
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Radio Topics 
By Recorder 

My aunt's radio went wrong recent- 
ly, and so I had the job of fixing it for 
her. 

The snag? Nothing very much, just 
a screen -grid capacitor gone open - 
circuit. 

Well, you say, where's the story in 
that? Bypass capacitors do occasional- 
ly go open. Just a moment though, 
what sort of bypass capacitor did you 
say? 

A screen -grid capacitor, no less. 
What's more, it's the first component 
in my aunt's set to go wrong in all the 
22 years she's had it in her drawing 
room. The only other thing I've ever 
had to do for it was to fit a new double - 
diode -triode valve some years ago. 

VINTAGE PERFORMANCE 
All this may sound like a candidate 

for a Ripley strip, or perhaps the 
Guinness Book of Records, but I can 
assure you that the set in question has 
been playing without a fault over all 
these years. It hasn't even got a name. 
I bought it cheap as a present for my 
aunt in the early 1950 s from a man 
who manufactured nameless long, 
medium and short wave mains 
superhets in an old Nissen hut. This 
was during the post-war boom days 
when a.m. radios were selling like hot 
cakes and no end of clandestine 
manufacturers were turning them out 
stuffed with surplus components and 
any other nefarious parts they could 
lay their hands on. 

And this brings me to my main 
point. If you have an old mains a.m. 
radio from those times that is still go- 
ing strong, it's worthwhile nursing it 
through some more years yet if only to 
see how long it can be kept in working 
order. These sets were made in the 
days before printed boards and a.m.- 
f.m. switching, they usually have sim- 
ple circuits and, in many instances, 
are dead easy to service. However, one 
important thing has always to be borne 
in mind. This is that their chassis are 
common with one side of the mains, 
whereupon all precautions against ac- 
cidental shock, both during servicing 
and use, must be observed. 

Some servicing facts concerning 
these old sets which do not arise with 
our present-day transistor receivers 

are worth mentioning. The first of 
these is that capacitors between 
0.001pF and 0.1AAF have paper dielec- 
tric. Unlike modern plastic foil 
capacitors these frequently become 
leaky with age, and are particularly 
troublesome in a.f. amplifier stages. If 
an old a.m. set starts to give a distorted 
output, replacé its a.f. coupling 
capacitors with modern capacitors of 
the same value. The a.f. output valve 
invariably coupled to the speaker by 
way of an output transformer with 
what.. was euphemistically called a 
'tone correction capacitor' connected 
across the primary. (Actually its func- 
tion was to reduce the audible effect of 
third harmonic distortion.) If this 
capacitor breaks down the set will 
become mysteriously silent. 

ELECTROLYTICS 
A high hum level probably means 

that the h.t. smoothing electrolytic 
capacitors have dried out and lost 
some of their capacitance. New elec- 
trolytics of the same value and work- 
ing voltage will solve that problem. 
Aged electrolytics also become inter- 
mittent if they aren't passing a ripple 
,urrent to 'wet the internal connections 
to the aluminium foil. If the a.f. output 
of the set changes intermittently from 
a high to a lower level without any dis- 
tortion, fit new cathode bypass elec- 
trolytics in the a.f. cathode circuits. 

Resistors play a few unusual tricks 
in old valve sets. Those with 
resistances above about 500k0 tend to 
wander high in value. Old carbon com- 
position resistors passing a current oc- 
casionally go noisy, and can produce a 
loud hiss in the output. They can't be 
detected by normal testmeter readings 
or by bridging them with other 
resistors; they can only be located by 
replacement. The stage in which they 
are situated may be located by using a 
'silencing' technique at each grid, 
working back from the output valve 
grid. The 'silencing' is achieved by 
applying a 0.054F capacitor between 
chassis and the grid. 

Valves wear out, of course, but not 
as frequently as is often imagined. 
Some of the old octal based valves, in- 
deed, seem to go on for ever. It isn't 
normally difficult to find a faulty 

valve by signal tracing techniques. If 
the set stops working on part or all of 
the short wave band, this is an indica- 
tion that the oscillator section of the 
frequency changer valve is losing its 
emission. And, finally, it is unwise to 
turn on a receiver of this type without 
all the valves plugged in. If the heater 
chain is broken, the valves above the 
break are subjected to excessively high 
cathode -heater voltages. 

It is possible that these hints will 
help in enabling you to keep one of 
these old a.m. radios working for many 
more years yet. If so, it may well enter 
the vintage receiver class and be 
something to show off to, your friends. 

COLOUR TV POWER UNIT 
A power unit of interesting design 

for supplying certain classes of mains 
colour or monochrome television 
receivers from a 12 volt battery is now 
available from Weir Instrumentation 
Limited, Durban Road, Bognor Regis, 
Sussex. Designated the Model 
HF100S, the unit is small in size, as 
may be seen in the accompanying il- 
lustration. 

Weir Tv POWER llNIT 
HFi00S 

This smell power supply unit 
manufactured by Weir 
Instrumentation Limited, will 
drive certain mains colour or 
monochrome television 
receivers from a 12 volt battery. 
The unit is Intended primarily 
for receivers in the Sony and 
National Pansonic range, as 
well as some others having 
half -wave power input circuits. 

The supply unit has been specially 
designed to drive Sony television 
receivers Models KV131OUB and 
KV133OUB, and it is also marketed 
for operation of the National Pansonic 
receiver Model TC48G. These 
receivers contain transformerless 
power supply circuits in which the in- 
coming a.c. mains voltage is rectified 
directly, with resistive voltage drop- 
ping networks for the supply of in- 
dividual solid-state stages. They can in 
consequence be operated directly from 
a d.c. supply voltage equal to the peak 
voltage of the a.c. mains supply, i.e. 
350 volts on load. 

By utilising this attribute of these 
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television receivers Weir Instrumenta- 
tion have been able to design the 
HF100S power unit with a high fre- 
quency inverter followed by its own in- 
ternal rectifier and smoothing filter. 
There is a consequent large reduction 
in size, weight and cost as compared 
with a 50Hz inverter delivering an a.c. 
output. 

The HF100S power unit has an 
overall efficiency of over 70% at full 
load and is capable of delivering an 
output of 100 watts maximum. Actual 
power consumption of the small colour 
television receivers for which it is 
designed varies from 70 to 100 watts 
according to picture brightness and 
colour. The power unit delivers ade- 
quate operating power from an input 
voltage ranging from 11 to 16 volts, 
and is fitted with an internal electronic 
battery protection circuit which 
automatically switches the inverter off 
in the event of the input voltage falling 
below 11 volts, thus preventing total 
exhaustion of the battery. The unit is 
also fully protected against overload or 
reversed input connections. 

Some television receivers of a type 
suitable for operation from the 
HF100S are fitted with half -wave rec- 
tifiers having opposite polarity to those 
in the receivers just referred to. In 
order to cater for either polarity con- 
nection of the receiver's mains input 
circuit, the HS100S is fitted with a 
reversing switch marked 'Alt. Model'. 

The HF100S unit can be used with a 
battery as main or standby source of 
power for a suitable TV receiver in 
cars, caravans or boats. It is a compact 
self-contained unit fitted with a stan- 
dard 13 amp 3 pin output socket and 
heavy duty colour -coded battery leads 
2 metres in length. It may be used as a 
free standing unit or mounted on a 
wall or bulkhead. The standard ver- 
sion is intended for negative earth 
battery supplies, the case of the unit 
being connected to the negative input 
lead. An alternative version for 
positive earth circuits, the Model 
HF100SP, is also available. 

ZIP -UP SCREENING 
With the certainly original sales slo- 

gan of `Zip -up To Save Embarrass- 
ment', Walmore Electronics have in- 
troduced a new form of screening 
material for wiring looms. The 
material, known as Zip -Ex -2, pre- 
vents r.f. interference and can be 
fitted by the simple expedient of zip- 
ping it on to the wiring run concerned. 

Zip -Ex -2 consists of four layers of 2 - 
stranded 114 micrometre diameter 
Ferrex knitted wire mesh protected by 
a heavy duty vinyl cover. A solid brass 
zip is crimped directly to the wire 
mesh and provides the means by 
which the screening is secured to the 
wiring loom. Ferrex is a trade mark of 
the Metex Corporation of America, 
who manufacture Zip -Ex -2, and it 
applies to steel wire which has been 
clad in copper and then tin plated. 

Attenuation of r.f. interference with 

the material is 52dB at 14kHz, 75dB at 
18MHz and 55dB at 1GHz. The low 
frequency screening ability is superior 
to that of copper due to the material's 
magnetic characteristics. 

Standard Zip -Ex -2 is available in 
lengths from 3 to 12.2m., in diameters 
ranging from 25 to 300mm. If desired, 
Walmore can supply the material cut 
to the required length and fitted with 
the type of termination specified by 
the customer. Fittings are available for 
coupling lengths together and for ter- 
minating at bulkheads. There are, ad- 
ditionally, Y -junctions and diameter 
transistion components. 

Apart from its screening 
characteristics, a major advantage of 
Zip -Ex -2 is the ease with which access 
can be gained to the wiring loom for 
the removal or addition of cables. The 
screening is simply removed by un- 
doing the zip. Further details may be 
obtained from Walmore Electronics 
Limited, 11-15 Betterton Street, Lon- 
don, WC2H 9BS. 

TV FROM SPACE 
I see that Marconi Space and 

Defence Systems Limited is leading a 
team of European contractors study- 
ing the spacecraft element of high 
quality colour television and sound 
broadcasts direct to domestic 
receivers. The work is being carried 
out under a £63,000 contract from the 
European Space Agency. I should add 
that Marconi Space and Defence 
System is a GEC -Marconi company. 

A number of payload configurations 
are being considered and the European 
Space Agency requirement, in the first 
instance, is for a satellite system 
capable of carrying at least two televi- 
sion programmes and able to serve 
areas corresponding in size to typical 
European countries. 

The special problems of this type of 
satellite payload relate to the high 
prime and radiated powers that must 
be handled. A typical payload may 
require as much as 2kW of prime 
power, and this requires special 
techniques for the control of thermal 
dissipation and protection of 
equipments in the various operating 
modes. As a result of European 
studies, developments in high power 
travelling wave tubes are well ad- 
vanced, and already 1kW of radiated 
power in the allocated frequency band 
of 11.7 to 12.5GHz has been reached. 

Parallel studies of domestic 
receivers are currently being made and 
the payloads being investigated by 
Marconi Space and Defence Systems 
will be compatible with such receivers. 
The high radiated power of the sat- 
ellite will allow domestic receivers 
to be operated in conjunction with 
mass-produced 0.75 metre antennas 
plus amplifying and conversion cir- 
cuits compatible with existing receiver 
techniques. 

So the TV of the future may well 
emanate from above us as well as from 
ground -based transmitters. 
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2nd Edition £2.25 

(Prices include postage 
and packing) 

SELRAY BOOK 
COMPANY 

60 HAYES HILL 
HAYES, BROMLEY 

BR2 7HP 
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Use the NEW Strip -fix Plastic 
PANEL SIGNS 

* SET 3 - Wording - 
WHITE 

* SET 4 - Wording - 
BLACK 

Over 1,000 words and symbols, 
covering more than 300 terms, in 

each set 
Illustration of actual size = RADIO 

* SET 5 - DIALS 
6 sheets containing one Large and 
two Medium scales, Large Horizontal 
Tuning scale, Frequencies, 12 Control 

Panels 

Easy to fix 
Stapled in booklet form 
Designed to hang above workbench 
Pocket for loose cuttings 
Professional finish 

PRICE 
SET 3: 75p 
SET 4: 50p 
SET 5: 38p 

(P. & P. 7p per set) 

ALL PRICES INCLUDE V.A.T. 

The Perfect Transfer for the Home Constructor 

To Data Publications Ltd., 57 Maids Vale, London, W.9 1 SN 

Please supply Panel Signs as follows: Set 3 Set 4 Set 5 ...,. 

I enclose cheque/crossed postal order for (Tick which set is required) 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 
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SMALL ADVERTISEMENTS 
Rate: 8p per word. Minimum charge £1.00 

Box No. 20p extra 

Advertisements must be prepaid and all copy must 
be received by the 4th of the month for insertion in 
the following month's issue. The Publishers can- 
not be held liable in any way for printing errors or 
omissions, nor can they accept responsiblity for 
the bona fides of Advertisers. (Replies to Box 
Numbers should be addressed to: Box No. -, 
Radio and Electronics Constructor, 57 Maida 

Vale, London, W9 1SN. 

BUILD THE MULLARD C.C. TV CAMERA. Complete 
kits now available from Crofton Electronics. Send large 
s.a.e. for details to:- 124 Colne Road, Twickenham, 
Middlesex, TW2 6QS. Telephone: 01-898 1569. 

FOR SALE: Polarised relays. Suitable for RTTY terminal 
units, etc. £1.00 each. Box No. G281. 

WANTED TO PURCHASE: large and small quantities of 
transistors, diodes, I.C.s, etc. Immediate requirement for 
10,000 BC109 transistors. Send samples/lists of any sur- 
plus components. Elekon Enterprises, 224a St. Paul's 
Road, Highbury Corner, London Ni 2LJ. Telephone: 01- 
359 4224. 

WANTED TO PURCHASE: All early books on radio, 
preferably before 1925. Box No. 282. 

AVO REPAIRS. Estimate given before commencing repair. 
Megatronics, 2/4 New Street, Folkestone, Kent. London 
Agents: Zeta Windings Ltd., 26 Allsaints Road, London 
W.11. 

SERVICE SHEETS for Radios/TV's etc. 50p and s.a.e. 
Catalogue 20p and s.a.e. Hamilton Radio, 47 Bohemia 
Road, St. Leonards-on-Sea, Sussex. 

TO CLEAR: Xtals 2306, 2381KHz, ;" pin spacing, £1 each. 
Sigma type 72A0Z, 160TG TCP, polarised relays, octal 
base, £2 24V d.c. miniature model motor 2' x 1;' diam, 

shaft, £1. Cold cathode tube GC10B, £1. R.E.P. 3 -reed 
tuned relay, £2. Miniature R.E.P. R/C relay, £1. 2;" mic. 
insert 25p. Radiospares miniature output for personal 
receiver, 50p. Transformer 3.2 ohm/600 ohm £1. Ditto 
3000 ohm/600 ohm, £1. 7X electric torch map magnifier, 
3000 ohm/600 ohn, £1. Box No. G283. 

SUPERB INSTRUMENT CASES by Bazelli, manufac- 
tured from PVC faced steel. Hundreds of people and in- 
dustrial users are choosing the cases they require from our 
vast range, competitive prices start at a low '75p. Over 400 
Models to choose from. Prompt despatch. Free literature, 
(stamp would be appreciated). Bazelli, Department No. 
26, St. Wilfrids, Foundry Lane, Halton, Lancaster, LA2 
6LT. 

VALVES - Radio - TV - Transmitting - Industrial. 
1930 to 1975. 2,200 types. Many obsolete. List 20p. S.A.E. 
for quotation. We wish to buy all types of new and boxed 
valves. Wholesalers' and dealers' etc. stocks purchased. 
Cox Radio (Sussex) Ltd., Dept. REC, The Parade, East 
Wittering, Sussex. Telephone: West Wittering 2023. 

FOR SALE: Teleprinters Creed Type 47 (Post Office Type 
11). Price £10 o.n.o. S.A.E. for details to R.W. L. Limebear 
60 Willow Road, Enfield, Middlesex. 

(Continued on page 453) 
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PRECISION 
POLYCARBONATE CAPACITORS 

ALL HIGH STABILITY- EXTREMELY LOW LEAKAGE 
440V AC (+-10%) 63V DC Range +-1 % +-2% +-S% 
0.1pF (1"xr) S1p 0.47pF 67p 50p 43p 
0.22pF (11," xs") 64p 1.OpF 82p 62p S2p 
0.25ÚF (1e"xI") 67p 2.2pF 96p 75p 61p 
0.47pF (1I"x}") COp 4.7pF £1.62 £1.13 94p 
0.5pF (1s"x ") P7p 6.8pF £1.96 £1.38 £1.13 
0.68pF (2"x}) 93p 10.OpF £2.40 £1.95 £1.64 
1.OpF (2"xI") £1.03 15.0pF £3.22 £2.79 £2.24 
2.0pF (2"x1") £1.44 22.ONF £4.28 £3.68 £3.08 

TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22, 
0.47, 1.0, 2.2, 4.7, 6.8pF at 15V/25V or 35V; 10.0pF at 16V/20V or 25V; 
22.0pF at 6V/10V or 16V; 33.0pF at 6V or 10V; 47.OpF at 3V or 6V; 
100.OpF at 3V. ALL AT 10p EACH; 10 for 95p; 50 for £4.00. 
TRANSISTORS: 
BC107/8/9 9p BC183/183L 11p BF194 12p BFY51 20p 

.BC114 12p BC184/184L 12p 8F196 13p BFY52 20p 
BC147/8/9 10p BC212/212L 14p .BF197 13p 0071 12p 
BC153/7/8 12p BC547 12p AF178 30p 2N3055 50p 
BC182/182L 11p BC558A 12p BFY50 20p n 2N3702/4 II p 
1N914 6p; 8 for 45p; 18 for 90p. 1 N916 8p; 6 for 45p; 14 for 90p. 
1S44 Sp; 11 for 59p; 24 for £1.00. IN4148 Sp; 6 for 27p; 12 for 48p. 
LOW PRICE ZENER DIODES: 400mW; Tol. -I--5% at5mA. Values 
available; 3V; 3.6V; 4.7V; 5.1V; 5.6V; 6.2V; 6.8V; 7.5V; 8.2V; 9.1V; 
10V; 11V; 12V; 13V; 13.5V; 15V; 16V; 18V; 20V; 22V; 24V; 27V; 30V. 
All at 7p each; 5 for 33p; 10 for 65p. SPECIAL: 100 Zeners for £6.00. 

RESISTORS: High stability low noise carbon film 5%, - W at 40°C; 
}W at 70°C. E12 series only - from 2.20 to 2.2M0 ALL AT I p EACH; Sp 
for 10 of any one value; 70p for 100 of any one value. SPECIAL PACK: 
10 of each value 2.20 to 2.2M0 (730 resistors) E5.00. 
SILICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire 
ended D027: 100 P.I.V. - 7p (4/26p); 400 P.I.V. - 8p (4/30p). 
BRIDGE RECTIFIERS: 2} Amp. 200V - 40p; 350V - 45p; 600V - S5p. 
SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT Sp 
each; 500,1000, 2200, 4700,6800 1 K, 2.2K, 4.7K, 6.8K, 10K, 15K, 22K, 
47K, 100K.250K, 680K, 1M, 2.5M, & 5M. 
PLEASE ADD 8% VAT TO ALL ITEMS EXCEPT THOSE MARKED 
WITH WHICH ARE 25%. PLEASE ADD 15p POST AND PACKING 
ON ALL ORDERS BELOW £5.00. 
Send S.A.E. for lists of additional ex -stock items. Wholesale price lists 
available to bona -fide companies. ALL EXPORT ORDERS ADD COST 
OF SEA/AIRMAIL. 

MARCO TRADING 
Dept. C6, The Old School, Edstaston, NR. WEM, Salop. 
Tel: WHIXALL (Salop) 4645 (STD 094872) (Props: Minicost Trading Ltd.) 

ENGINEERS 

YOURSELF FOR A 

BETTER JOB 
ppDo 

ou want r tion, a better job, hi hot 

tcaget them through our 
itrow-coat 

home study 
course. There are no books to buy and you 
can pay -as -you -loam. 

- 
I'Prac. Radio & Electronics 

(with kit) 
Electronic Eng. Cert. Air Reg, Brd. Celle. Inst. of Cost - Manage - 
Gen. Elec. Eng. Cert. O M.A.A./I.M..L Dip. ment Accts. 
C & G. Elect. Install. 'Heat, Ventilating-& Air Gen. Draughtamp. i5 IElect. Install & Work Conditioning A.M.I.E.D. 
C & C Elect. Techs. Architectural Draughta- Elec. Draughtamp. 
Cofonr TV Servicing 0 Mein & Design O - ' C & G Telecoms. Tech - 

mean's 
.13. 

Cert. o Carpentry & Joinery 
C & G Radio, TV & Elec. Plumbing Tech. 

trònice Mach. Celt. d. General Building 
Radio & TV Eng m Couree Pntg & Dew.0 
Radio nerv. &R p o A.M.S. (blech.) ta Coaching /or many 

'Radio Amateur's Exam o General Mech. Eng. mater - examined na ä 
To ALDERMASTON COLLEGE, Dopt. THE 14, READING -AG] 4PF 

Aloe at our London Advisory Office, 4 Fors Street - - 

Avenue, Moorgau, London, EC2Y 5EJ Tel: 01-828 2721 THE 14J 
'NAME (Block Capitale Pleaee) ........................................................................................................... 

' POSTCODE other subjects Age ' 
Accredited by C.A.C.C. Member of A.B.CU 

WITH MORE PAY! 
This helpful guide to eucceaa should be read 
by every ambitious engineer. 
Send for this helpful 76 page FREE book 
now. No obligation end nobody will call on 
you. It could be the beet thing you ever did. 

CUT OUT THIS COUPON tIIM M.111111 
CHOOSE A BRAND NEW FUTI[RE HERE! 

Tack or stale sub)ect of interest. Post to the address below. ' 
Motor Mechanics Inet. Eng. & Techs D 
C & G Motor V Mocha Maintnce Eng. 
Gen. Auto Eng. O Welding 

13A.M. 

I.M.I. Computer Frog. ú 

GCE 58 '0' end 'A 
level subjects -over 
10,000 group passes 

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
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SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London W91 SN 

Please insefrt the following advertisement in the issue of RADIO & ELECTRONICS CONSTRUCTOR 

15 words at 8p 
= £ 1.20 

ALL WORDING 
IN 

BLOCK LETTERS 
PLEASE 

I enclose remittance of being payment at 8p a word. MINIMUM £1.00 
Box Number, if required, 20p extra 

NAME 
ADDRESS 

Copy to be received four weeks prior to publication. Published on the 1st of every month. 

NEW STYLE SELF -BINDER 
for 

"Radio Et Electronics 

Constructor" 

Available only from:- 

PRICE 

£1.00 
including V.A.T. 

P. & P. 25p 

The "CORDEX" Patent Self -Binding 
Case will keep your issues in mint 

condition. Copies can be inserted or 

removed with the greatest of ease. Rich 

maroon finish, gold lettering on spine. 

Specially constructed Binding Cords are made 

from Super Linen of great strength, very hard 

twisted and twice doubled. They are attached 
to strong RUSTLESS Springs 
under tension, and the method 
adopted ensures PERMANENT 
RESILIENCE of the Cords. Any 
slack that may develop is 

immediately compensated for 
and the Cords will always 
remain taut and strong. It is 

impossible to overstretch the 

springs, as a safety check 
device is fitted to each. 

Data Publications Ltd. 51 Maida Vale London W9 ISN 
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SMALL ADVERTISEMENTS 
(Continued from page 451) 

POSTAL ADVERTISING? This is the Holborn Service. Mailing lists, addressing, enclosing, wrapping, facsimile letters, automatic typing, copy service, campaign planning, design and artwork, printing and stationery. Please ask for price list. - The Holborn Direct Mail Company Capacity House, 2-6 Rothsay Street, Tower Bridge Road, London, 
S.E.1. Telephone: 01-407 6444. 

LOUD 6V SIRENS for burglar alarms, etc. £1.28p 3 -digit counters 15p. Add 12p postage. List 9p. Grimsby Elec- tronics, 64 Tennyson Road, Cleethorpes, Humberside. Hundreds of bargains at our Lambert Road Components shop (open Saturdays only). 
FOR SALE: Complete set of 18 volumes Radio & Television 

Servicing from Volume 1 to 1969/70. £45, carriage paid or 
offers to Box No. G298. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free services to members including Q.S.L. Bureau, Amateur and Broadcast Translation, Technical and Identification Dept. - both Broadcast and Fixed Stations, DX Cer- tificates, contests and activities for the SWL and transmit- ting members. Monthly magazine, Monitor, containing ar- ticles of general interest to Broadcast and Amateur SWLs, Transmitter Section and League affairs, etc. League supplies such as badges, headed notepaper and envelopes. QSL cards, etc., are available at reasonable cost. Send for, League particulars. Membership including monthly magazines, etc., £3.75 per annum. (U.K. and British Com- 
monwealth), overseas $10.00 o £4.00. Secretary ISWL, 1 Grove Road, Lydney, Glos., GL15 5JE. 

FOR SALE: Capacitors, 4mfd, 2000V d.c. wkg., r2; 4mfd, 1000V d.c. wkg., £1.50; 8mfd, 600V d.c. wkg., t.1; 5mfd, 3000V d.c. wkg., £1; 0.25mfd, 1200V d.c. wkg., 50p; 0.lmfd, 1000V d.c. wkg., 35p. Valves: 801, 50p; CV345, 25p; 6B4G, 25p; HP4106, 25p; UU6, 25p; PM2DX, 15p; VR91, 20p; Woden Mic. Trans., M.T.101, £1. Rotary con- verter, A.M. 10KB/21, 12V d.c., 3.9 amps in, 480V d.c., 0.04 amps out, £1 plus postage. Radiation Monitors Ltd. utility Geiger Counter, £3. Heavy duty Tannoy hand 
microphone, £3. Box No. G299. 

RADIO - LEARN FROM THE BEGINNING. 16 vin- tage circuit diagrams, receivers and transmitters with notes, £1.00. J. M. Allister, 58 Wavell Road, Maidenhead, SL6 5AD. 

WANTED: Ships chronometer and sextant. Box No. G300. 
THE RADIO AMATEUR INVALID & BEDFAST CLUB is a well established Society providing facilities for the physically handicaped to enjoy the hobby of Amateur Radio. Please become a supporter of this worthy cause. Details from the Hon. Secretary, Mrs. Rita Shepherd, 59 Paintain Road, Loughborough, Leics., LEll 3LZ. 

FOR SALE: Stamp collection, value around £150. Offers? 
S.A.E. for details. Box No. G301. 

CUT PRICE COMPONENTS: 1000's valves (1930-76), semiconductors, resistors, capacitors, etc. Also service sheets (40p), magazines and equipment bargains (receivers, transmitters, test equipment, etc.). Send S.A.E. for free lists. S. Dunning, "Rustlings", Overstream, Chorleywood, Herts., WD3 4LD. 
WANTED: S/H or ex -Govt. Comm. -Receiver for cash. Glasgow. Box No. G302, or telephone: 041-334 2914 or 041-332 7737. 

(Continued on page 454) 

ELECTRÖVKLUE 
The good components service 

with a still more up-to-date catalogue 
In relatively few years, Electrovalue has risen to a position of pre-eminence as mail-order (and industrial) suppliers of semi -conductors, components, accessories, etc. There are wide ranges and large stocks to choose from as well as many worthwhile advantages to enjoy when you order from Electrovalue. 

CATALOGUE 8 - 2nd Printing i 
Containing 144 pages. New items, Opto -electronics. Diagrams of components, applications, I.C. circuits, etc. Better even than the first edition of Catalogue No. 8. Post free 40p, including voucher for 40o for spending on order over £5 list value. 

DISCOUNTS 
On all C.W.O. mail orders, except for some items marked NETT. 
5% 

on orders list value p/ on orders list value £10ormore 10/0 £15ormore 

FREE POST & PACKING 
On all C.W.O. mail orders in U.K. over £2 list value. if under, add 15p handling charge. 

PRICE STABILIZATION POLICY 
Prices aré held and then reviewed over minimum periods of 3 months next review due April 1st. 

QUALITY GUARANTEE 
On everything in our Catalogue -- No manufacturer's rejects, seconds or sub -standards merchandise. 

ELECTRO ALTE LTD 
All communications tom Section 6/2, 28, ST. JUDES ROAD, ENOLEFIELD GREEN. EGHAM, SURREY TW20 OHB. Telephone Egham 3603. Telex 284475. Shop hours 9-5.30 daily, 9-1 pm Sats. 
NORTHERN BRANCH: 680, Bornage Lane, Burnage. Manchester M19 1NA. Telephone 10611 432 4945. Shop hours Daily 9-5.30 pm, 9-1 pm Sets. 

GO_ 

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

WAA 

Brochure, without obligation to: 

BRITISH NATIONAL RADIO 
& ELECTRONICS SCHOOL, Dept 

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

7 
REB 26 

NAME 

ADDRESS 
(Block caps please J 
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RADIO 
MO ELLER 
ELECTRON I C 

MODEL RADIO CONTROL 
Detailing both Theory and Practice, this book, 
by leading authority Paul Newell, has become 
the standard reference work. A brief historical 
survey leads up to a detailed description of 
proportional systems, with over 100 il- 
lustrations, including theoretical circuits and 
p.c. layouts for an advanced digital system. 
134 pages Price £2.25 

ON SALE NOW 
at all leading shops 
or direct from:- 

RADIO MODELLER 
BOOKS DIVISION, 
64 Wellington Road, 
Hampton Hill, Middx. 

U.K. Packing 
& Postage 32p 

theory a11D 

practice of 

MODEL 
RADIO 
CONTROL 

Veroboard, D.I.P. board, pins, 
tools, plastic boxes, Veropak 
metal case, Veroboxes, D.I.P. 
and transistor sockets, etc. 
New catalogue available (price 
10p + S.A.E. 7" x 9") vero 

Vero Electronics Ltd. have products to suit your 
requirements. 
Vero Electronics Limited, Retail Dept., 
Industrial Estate, Chandler's Ford, Hants., 505 3ZR 
Telephone: Chandler's Ford 2956 (STD 04125) 

454 

SMALL ADVERTISEMENTS 
(Continued from page 453) 

"HEDDON VALLEY ELECTRONICS" free catalogue 
and order forms 1976 now available. Many popular 
semiconductors, resistors, condensers, etc., all at com- 
petitive prices. Prompt attention on all orders regardless of, 
sizes, all components guaranteed. A must for the home 
constructor, for the price of an s.a.e. Heddon Valley Elec- 
tronics, Bumpsley Mill, Parracombe, Barnstaple, North 
Devon. 

FOR SALE: Solartron CD513.2 oscilloscope, v.g.c., £25 
Cossor WM8 working 'scope, £2f(. Cossor WM16 oscillo- 
scope, working, £30. Various 'scopes for sale from £6. 
Wanted: Avometers irrespective of condition, good prices 
paid. 'Q' Services Electronic Camberley Ltd., 29 Lawford 
Crescent, Yateley, Camberley, Surrey. Telephone: 025? 
871048. 

NEW COMPONENTS: AA119/7p, AA132/10p, 
AA133/10p, 0A90/4p, 0A91 /9p, BA148/llp, 
BY127/10p; Varicap: 12 matched BB105G for 162p, 
BB105B 15p each. BC147/6pp BC148/5p, BC149/ 7p, 
BC158/8p, BD131/35p, BD132/35p, BF194/4p, 
BF195/6}p, BF196/4p, BF197/4}p, BF262/20p, 
BF263120 BSX81A/10p, BT106/96p; 2SC_1004A/110p, 
Toshiba FET with data, 2SK30A jR 12 for 120. Carbon 
resistors }W 1p. Electrolytics: 22/35V, 220/16V, 100/25V, 
470/16V, 1000/6V, 6p each or 20 for £1. Polystyrene 
1000pF, 270pF, 180pF, 12pF, 3p each or £2.50 for 100. 
Please add reasonable p&p. Box No. G303. 

MAKE A CHEAP STEREO AMP. from surplus com- 
ponents. Send 20p and s.a.e. for details to: 19 Reginald 
Road, Eastney, Portsmouth, Hampshire. 

THE BRITISH AMATEUR ELECTRONICS CLUB for 
all interested in electronics. Four Newsletters a year, .con- 
cessions for members and major projects, currently the 
B.A.E.C._Computer. U.K. membership fee £2 a year from 
January 1st overseas £3 surface, £4 airmail. .A.E. for 
details to: Hon. Sec. J. G. Margetts, 11 Hazelbury Drive, 
Warmley, Nr. Bristol. 

FOR SALE: 100 marked, unmarked i.c.'s £1. 50 new mark- 
ed semiconductors £1.50. NPN, PNP transistors, 
guaranteed usable, 20-55p. Stereo recorder mechanism 
£12. F.M. transmitter kit, £5.50. Casio calculator £5. 6V 
mains power supply £4. Miniature deaf -aid amplifier £1. 
Car stereo cassette player £15. Pre-recorded cassettes 75p. 
Nickle-cadmium battery chargers £1. Pye-Ranger for 
spares £6.50. 1N4007 10p. 100 unmarked BZY88 50p. 25 
unmarked zeners 50p. 100 high wattage resistors £1. 2.5V 
m.e.s. bulbs, 50-£1. 100 1N914/6 50p. Unmarked 2N3819 
15p. 115V 60W soldering iron £1.50. 100 Mullard C280 £1. 
Rechargeable U7's £1, Ull £1.50, U2 £2. Switch cleaner 
70p. 8 No. 625 mercury cells 15p. XN3 numicator tubes 
£1. Standard 8 sound projector £25. Used cassettes 15p. 
1N4148 diodes 50-50p. Miniature relays with socket 50p. 
Reconditioned credit meter £3. Deco 33 p.c. pens 75p. 20 
piece tap and die set £4. Electronic flash gun £7. 100 ft. 
steel wire cable 50p, s.a.e. for sample. Box No. G304. 

WANTED: Books on UHF receivers, radiation detectors. 
For Sale: Codar Multiband six T.R.F. receiver. Electronic 
circuits handbook Vol. II (CQ). Surplus conversion hand- 
book. Ham Radio antennas. Projects in basic magnetism. 
Space communication systems. Hughes, 11 Henley Road, 
Ludlow, Salop. 

(Continued on page 455) 
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SMALL ADVERTISEMENTS 
(Continued from page 454) 

FREQUENCY'LIST TRANSFERS. We have a limited 
supply of sheets of Dial Frequency Transfers in black. 
Short Wave frequencies 1.8Mc/s to 32Mc/s and 144Mc/s 
and 146Mc/s. Includes amateur band marker frequencies 
at 100kc/s points and other short wave frequencies from 2 
to 32 Mc/s at every 500Kc/s points. Each frequency is 
repeated. Two sheets for 5p., five sheets for 10p., postage 
6p. Data Publications Ltd., 57 Maida Vale, London, W9- 
1SN. 

RECITALS F RECORDED MUSIC. The second Satur- 
day eveningof each winter month. Next recital: February 
14th, 1976 8 p.m. at Woodford Green United Free 
Church, W odford Green, Essex. Bus routes 20, 20A, 179 
& 275 - alight at "The Castle" stop. 

FOR SALE: Six 7 -segment displays £1. Common anode.. 
types in arrays of six. Ex -equipment. Fully O.K. £1. Part 
working arrays 50p. With pin and testing gen. (Mr. 
Bobker), Box No. G305. 

SERVICE TO CONSTRUCTORS. Technical and prac- 
tical help on most projects found in Radio & Electronics 
Constructor, Television, Practical Electronics, Practical 
Wireless, etc. Harrington, 25 Poynter Road, Bush Hill 
Park, Enfield, Middlesex. 

TELEVISION AERIAL STOCK CLEARANCE. 300 
VHF complete, £150. 240 UHV material, £120. Stereo 
amplifiers, 50 for £100. Quantity radio spares, £50. 
Telephone: Crawley 23885, Sussex. 

PERSONAL 

JANE SCOTT FOR GENUINE FRIENDS. Introduc- 
tions to opposite sex with sincerity and thoughtfulness. 
Details free. Stamp to: Jane Scott, 3/Con North St. 
Quadrant, Brighton, Sussex, BNl 3GJ. 

SPONSORS required for exciting scientific project. 
Norwich Astronomical Society are building a 30" telescope 
to be housed in a 20' dome of novel design. All labour being 
given by volunteers. Already supported by Industry and 
Commerce in Norfolk. Recreational. EducationaLYou can 
be involved. Write to: NAS Secretary. The Manse, Back 
Lane, Wymondham, Norfolk. 

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 deter- 
mining Broadlands future. Further details from: - The 
Hon. Membership Secretary, The Broads Society, 
"lcknield," Hilly Plantation, Thorpe St. Andrew, 
Norwich, NOR 85S. 

ESSEX 'GARDENERS. Buy your Bedding and rock 
plants, shrubs, etc., also cacti from May's Nurseries, 608 
Rayleigh Road, Hutton, Brentwood, Essex. Callers only. 
Monday to Saturday. 

FINE COPPER BRAID - FOR FLEXIBLE CONNECTIONS AND 
DON'T ALL RUSH - BUT SOME OF OUR CUSTOMERS HAVE 

ACTUALLY BEEN KNOWN TO USE THIS FOR DESOLDERING - 
IT'S CERTAINLY CHEAP ENOUGH! 

5 yds. 1/16" Tinned Copper Braid (Pack W45( 30p 
10 yds. 1/32" Plain Copper Braid (Pack W44) 30p 
10yds. 1/32" Rolled Flat (Pack W44A) 30p 

ALL ABOVE INCLUDE VAT & POSTAGE THIS MONTH 
TERMS CHEQUE OR P.O. WITH ORDER (CROSSED) 

10p stamp for list or free with order if requested. Mail order only. 
ATLANTA E.S.P. LTD. (R & E.C.) I 

10 DRYDEN CHAMBERS, 119 OXFORD STREET, LONDON W1 R 1 PA 

MULLARD FERRITE CORES - LA3 100 to 500 kHz, 
54p; LA5 30 to 100 kHz, 81p; LA7 .1O kHz, 81p; 
LA13 for W.W. Oscilloscope, £1.50. 
SPECIAL OFFER - Metallised Polyester Capacitors by Erie, 
Mullard, etc. Values include: 01/160V, 01/250V, 
015/160V,022/160V,.033/160V,.047/160V,.068/160V, 
1/160-250V, .22/160V, etc. This is a bargain not to be 
missed. 100 for £2.00. 
1N4148 SWITCHING DIODES, 10 for 30p; 50 for £1.26;! 
100 for £1.50; 1,000 for £10.00 

TRANSISTORS - All branded BC147, BC148, BC149, 
BC157, BC158, BC159, BF194, BF195, BF196, BF197, 
8p each or 100 for £6.50. 

Please note all prices include UK Postage and 
appropriate VAT @ 8% or 25% 

MAIL ORDER ONLY 
XEROZA RADIO 

1 EAST STREET, BISHOP'S TAWTON, DEVON 

MORSE PäTJ BY THE RHYTHM METHOD ! 
FACT NOT FICTION. If you start RIGHT you will be reading 
amateurand commercial Morse within a month. (Normal ptogress 
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. For Complete Course 3 Records & Books send E4.95 
including P.P.I. etc. (overseas surface mail E1 extra.) 

For further details of course Ring 01-660 2896 or send large S.A.E. 
for explanatory booklet to:-S. BENNETT, G3HSC 

(Box 38) 45 GREEN LANE, PURLEY, SURREY 

ENGINEERS 

YOURSELF FOR A 

BETTER JOB WITH MORE PAY! 
Do you want promotion, a better job, higher This helpful guide to success should be read 
pay. "New Opportunities" shows you how to by every ambiuous 
get them through our low-cost home study Send for this hel 76 page FREE book cause. There are no books to buy and you now. No obligation and nobody will call on can pay -as -you -learn. you. It could be the best thing you ever did. 

CUT OUT THIS COUPON''. -- - 
CHOOSE A 11IRAND NEW FUTURE 'HERE! e 

' 

, 

RuusYou-. 

PRACTICAL 
RADIO AND ' 

ELECTRONICS 
(with kit) Li Colour TV Electrical 

Electrical Servicing Technicians C. 

. Engineering C & G Radio, TV CITY & GUILDS f: 
Electrical and Electronic Telecommunications 

Installations Mechanics J. Radio Amateurs' 
Wiring _ General Radio Exam etc. etc. Ei 

Electrical andTV G.C.E. 58 O' Draughtsman- Engineering C & 'A' LEVELS 
Electrical 

ship 

Mathematics 
C Radio Servicing, 

hematite 
Maintenance . Coaching for many 
and Repair. Eli examinations 

To ALDERMASTON COLLEGE, Dept ERE 14, READING RG7 4PF 
Also at our London Advisory Office, 4 Fore Street r ERE 14 i Avenue, Moorgate, London, EC2Y 5E.1 Tel: 01-528 2721 

NAME (Block Capilale Please). 

ADDRESS 

Tick or state sublet or Interest. Port to the address below. 

Electronic ' Transistor 
Engineering r.:I 

Computer CITY & GUILDS Elics I' Installations and 
Computer Wing t- I 

Programming G CITY & GUILDS 

POSTCODE 
Other aubi*Ct, Aua 

Accredited b CA.C. C. Member of A. B.C.C. 
HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

FEBRUARY 1976 455 
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RADIO & ELECTRONICS CONSTRUCTOR 
Single Copies 

Price 35p each, postage 11 p 
Issue(s) required 

Annual Subscription 
Price £5.00, post free, commence with issue 

Bound Volumes: 
Vol. 25. August 1971 to July 1972. Price £2.00, post & pkg 65p 
Vol. 27. August 1973 to July 1974 Price £2.40, post & pkg 65p 
Vol. 28. August 1974 to July 1975 Price £2.75, post & pkg 65p 

CORDEX SELF -BINDERS 
With title, 'RADIO & ELECTRONICS CONSTRUCTOR' on spine, 

maroon only Price £1.00, post & pkg 25p 
With no title on spine, maroon Price 95p, post & pkg 25p 
With no title on spine, green Price 95p, post & pkg 25p 

Prices include V.A.T. 

DATA BOOK SERIES 
DB5 TV Fault Finding, 132 pages Price 90p, P. & P. 17p 
DB6 Radio Amateur Operator's Handbook, 

88 pages Price 70p, P. & P. 12p 
DB17 Understanding Television, 504 pages Price £3.25, P. & P. 50p 
DB18 Audio Amplifiers, 124 pages Price 53p, P. & P. 14p 
DB19 Simple Short Wave Receivers 

140 pages Price 80p, P. & P. 17p 

STRIP -FIX PLASTIC PANEL SIGNS 
Set 3: Wording - White 
Set 4: Wording - Black 
Set 5: Dials 

Price 75p, P. & P. 7p 
Price 50p, P. & P. 7p 
Price 38p, P. & P. 7p 

Prices include V.A.T. on Panel Signs 

I enclose Postal Order/Cheque for in payment for 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order. 
All publications are obtainable through your local bookseller 

Data Publications Ltd., 57 Meide Vale, London W9 1SN 

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS 

458 RADIO & ELECTRONICS CONSTRUCTOR 
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DIRECT SUPPLY SERVICE TO READERS . . 

TOWERS INTERNATIONAL 
TRANSISTOR SELECTOR 

This is dead! 
If it takes you longer than Japanese. And we think that they 

1 minute to find out all about will solve 90% of your transistor 
these transistors then you enquiries. 
need a copy of TOWER'S 
INTERNATIONAL 
TRANSISTOR 
SELECTOR. 

most usefIts ul 
would this replace it? Numero -Alphabetical of the most useful M order by an author who 

was uniquely qualified to 
do the job. With his 

compendium, all you need 
to know is the type number 

and you can learn all about a transistor's 
specification ; who made it and where to 

contact them ; or what to use to replace it. 

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

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

Current and widely used 
obsolete types were carefully 

selected and arranged in 

Look at the entry for 2N909 
TRANSISTOR 

NUMBER 

PM 
OA 
LT 

PACK- 
AGE 

LEAO 
INFO 

VCB 
MAX 

VCE 
MAX 

VEB 
MAX 

I 

C 

MAX 

T 

J 
MAX 

- 

P 
TOT 

F C 
T OB 

MIN MAX 
H 

FE 

H 
FE 

BIAS USE MFR 
EURO 
EOVT 

USA 
EOVT. ISS 

2.4909 NS 1018 L01 60V 30V 5V 200MA 175G 5001.HIF 50M 254,' 110MN 50MA AUG SGI ELSX33 2.4731 0 

This is what you will learn from it 
TYPE NO Pé 

MAT 
BX 0 
IJ 

LMM 
TIFN 

V 
MAMMAX 

Va, 
wo 
MAX 

I, 

MAX 

T, 

WAX 

R,,, 

MAX 

I, 

MIN 

Cw 

MAX 

A. I4 h. USE SUP 

ENP1.I 

US 

$UB 

USA 

SUS IBS 

(EXAMPLE) 
5100 N 6D SEX 1N IMfOE NS TOM LO KR ]Ov Sv MA TZEOMVFF 60Y .ZV MN MA MPG SGI ]] 731 0 

'FOOTNOTE 
NUMERO 
A TIC SUGGESTED 
LISTING E1A-JEDEC 

IN N NPN STANDARD 
POIMSLE P IMP 

GERMANIUM - GERMANIUM 
S SILICON SUBSTITUTE 

- 
O CASE- SUGGESTED 

PSOELECTRON OUTLINES 
APPENDIX C 

POSSIBLE J STANDARD 
REFER TO LEAD 
APPENDIX E 

DETAILS- SUBSTITUTE 

COOS MAXIMUM PERMISSIBLE INDICATION POSSBLE 
COLLECTOR -BASESUPPLIER 
VOLTAGE WITH [W.W.II OPEN. O DEVICE -SEE 
CIRCUIT 

..SUPPLIER APPENDIX P 

MAXIMUM PENMISSISLE 
COLLECTOR -EMITTER CODE INDICATION OF 
VOLTAGE MIT» SASE OPEN -CIRCUIT APPLICATION USAGE - 
MAXIMUM PERMISSIBLE EMITTER -USE SEE APPENDIX A 

VOLTAGE WITH COLLECTOR OPEN CIRCUIT SIAS CURRENT AT WINCH CURRENT 

MAXIMUM PERMISSIBLE COLLECTOR CURRENT GAIN PI IS CMARACTERISEG 

MAXIMUM PERMISSIBLE JUNCTION TEMPERATURE 
SOMETIMESCURRENT 

SAN. NORMALLYD DC 
AC GAIN) AT I, BIAS 

MAXIMUM PERMISSIBLE DEVICE DISSIPATION- N 

EDRELATED 
SPECIFIED- 

TYPICALWNW» 

MIN I- ASMN 1 ONLY IS 
NICI TP I CAN M TAXIS SPECIFIEDS1".N 

F' ' 
FREE- AIR -AT riRE C - WITH CASE SURPACE NEAT AT AS TWICE MIN AMCAN nCEVfRSA 

W IN FREE AIR AT 13C WITH METAL NEAT SZreINK 

SIN[ ATTACHED TO DEVICE MAXIMUM COLLECTOR CAPACITANCE (TYPICAL 

MINIMUM FREOUf NCY CUT OFF F. INDICATED IN 
USUALLY E TO I MALI -NORMALLY EMITTER 
OPENCIRCUI AND INDICATED BY -I - 

KILOHERTZ M - MEGAHERTZ G GIGANERTZ 
OR N NANOF A RAD - FOR HE PICOPARAD OR 

FEEOUENCT AT WIIICN COMMON EMITTER CURRENT DEVICES C. IS GIVEN AND PTCOTARADS TOES 
GAIN DROPS TO UNITY TYPICAL F. CAN SE TAKEN AS 

INDICATED EV R INSTEAD OF P 
ROUGIRV TWICE F... 

ISS COLUMN INDICATES ISSUE NO OF DATA LINE ENTRY 

Tower's 
International 
Transistor £3.30 
Selector 

by T. D. TOWERS 
MBE, MA, BSc, C Eng, MIERE 

inc. post and packing 

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

Please send me copy/copies 
to the address shown below 

NAME 

ADDRESS 

(Block capitals) 
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