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AMTRON ...

Metal Detector

With the help of the AMTRON UK 780 metal
‘objects and ores can be located underground. The
sensitivity of this instrument is quite high, and certainly
not inferior to that of much more expensive instruments.
Its degree of stability is also quite outstanding, because

of the low operating frequency of the two oscillators.

The electronic circuits consist basically of four transistors,
type BC 109B; the unit is powered by a 6V battery.

Specifications:

Power Supply:
Current input:
Operating frequency :
Transistors:

6V DC
3-4 mA

£12.00 inc. VAT

Max. detection depth
of metal bodies of

150kHz approx. sizeable dimensions:

(4) BC109B Diodes:

70cm
(2) AAT19

METAL
ElNUER
LECTRgy
CIRCyy .

B RECOMMENDED RETAIL PRICE LIST NS S S SR AR SN S B S

UK45

UK65

UK80

UK92

UK107
UK110
UK112
UK115
UK120
UK125
UK127
UK130
UK135
UK140
UK142
UK145
UK152
UK157
UK160
UK162
UK165
UKI167

UK170
UK172
UK175
UK180
UK185
UK187
UK190
UK192
UK195
UK220
UK230
UK235

UK240
UK252
UK255
UK270
UK275
UK285
UK300
UK302

Send 10p for illustrated brochure

. 'Hi-fi Stereo Amp. 20+20 w

Intermittent Warning Lights
Transistor Tester
Oscilloscope Calibrator
Telephone Amplifier
Fuzz Effect
Stereo Ampilifier
Reverb. Preamplifier
Hi-fi Amplifier 8w
Hi-fi Amplifier 12w
Stereo Control Unit
Noise Reduction Unlt
Mono Controt Unit
High Impedance Pre-amp.
Low Impedance Pre-amp.
Tone Control Unit d
Amplifier 1.5w £4.19
Stereo Qutput Differential Meter£12.71
Private TV Loop Trans. £5.44
1.C. Amplifier 8w £12.71
Private TV Listener £15.30
R.I.A.A. Stereo Preamp £5.83
Stereo Preamp to R.ILA.A. or
C.C.).R. Standards £7.68
Hi-fi Preamp with tone controls £26.08
Universal Preamp £17.37
Hi-fi Stereo Preamp £35.28
4 Channel Sound Unit £33.73
£79.09
£110.45
£34.66
£52.62
£4.03
£2.91
£3.62

£5.83
£1.82
£2.91
£9.09
£18.16
£12.71

Hi-fi Quadrik Stereo Amp.
Hi-fi Amplifier 50w

Hi-fi Stereo Amp. 50+50w
Miniature Amp. 2w

Signal Injector
AM/FMAntenna Amp.
Acoustic Alarm for Absent
Minded Drivers

Parking Lights Auto Switch
MPX Stereo Decoder

Level Indicator

IC Amp. 6w

Mike Preamplifier
VHF/UHF Antenna Amp.
Radio Control Transmitter
Radio Control Transmitter

£9.47
£7.60
£17.37
£7.68
£9.86
£7.68
£9.45
£7.27
£23.22

UK3190
UK325

UK330

UK345
UK370

UK470s

UK475C
UK 482
UK500
UK515

UK5758
UKS585
UK590
UK595
UK602

UK605
UK607

UK610
UK615
UK627
UK630

UK640
UK652
UK665

Radio Control Receiver
‘GXC2' Channel Splitting Unit
1000 and 2000Hz

‘GXC2' Channel Splitting Unit
1500 and 2500 Hz
Superheterodyne RX

R.F. Linear Amplifier

CB Crystal Calibrator

H.F. Wattmeter 10w

Vox

Squarer

Resistor Box

Capacitor Box

Capacitor Box

Utility Tester Kit

Stab. Power Supply

Audio Frequency Generator
Bridge Cap Meter

Bridge Cap. Meter
L.F.Wattmeter

Low Freq. Wattmeter

TV Sweep Generator

AM Signal Generator

FM Signal Generator

Quartz Crystal Tester

Crystal Calibrated Marker Gen.
Marker Generator with Quariz
Control

Electronic Voltmeter

Auto. Battery Charger
LW/MW/FM Receiver

MW Radio Receiver

AM Tuner

VHF Tuner 120-160 MHz
LW/MW/FM Tuner

AM/FM Receiver 25-200 MHz
LF Frequency Meter

Field Strength Meter
Transistor Analyzer

Probes for Elect. Voltmeter

Low Frequency Signal Generator

10 Hz-1 MHz

Square Wave Generator
Electronic Beam Switch
SWR Meter

Electronic Fuse

Elect. Potential Divider
24-14 VDC

Power Supply 18 VDC 1A
Stab. Power Supply 9VDC
100mA

Power Supply 24V DC 0.5A
Power Supply 24VDC 1A
Storage Battery Voltage Divider
Stab. Power Supply 6VDC-

250mA; 7.5VDC 200mA; 9VDC

170mA; 12vDC 100mA
200W Light Dimmer

Stab. Power Supply 12V 1.5A
Twin Power Supply 55VDC
x2-2A x 2

£3.62
UK670
£8.71 UK672
UKG75
UKB82

£8.71
£7.27

UK690
UK692

UK700
UK702
UK707
UK710C
UK715
UK760C
UK765
UK767
UK780
UK790
UK795
-UK800

£23.58
£21.75
£29.76
£10.41

£6.88

£8.35
£5.84

UK925
UK930
UK935
UK960
UK965
UK995
3009.00
3009.10
3009.20

£9.87
£5.84
£7.30
£7.25

£10.16
£8.35
£18.16

£24.02

—~—

SENSITIVITY

Buffer Battery Charger

Stab. Power Supply 12vDC
15mA

Regulated Power Supply

Stab. Power Supply 4-35VDC
25A .
DC Motor Speed Governor

Stab. Power Supply 5.5 to
16VDC-2A

Electronic Chaffinch

Ozonizer
Windscreen Wiper Timer

4 Channel A.F.Mixer
Photoelectric Cell Switch
Acoustic Switch

Multiple Stereo Connector
Multiplé Stereo Connector

Elect. Unit for Metal Detector
Cap. Burglar Alarm

Elect. Continuity Tester

3 Way Crossover Filter
12db/Octave

3 Way Crossover Filter
6db/Octave

Ultrasonic Radar Burglar Alarm
Elect. Digital Clock
Photo-electric Rev. Counter
Guitar Preamplifier

Logical Demonstrator
Adjustable Time Lag Car
Burglar Alarm

Binary Demonstrator

Electronic Keyer

Electronic Fuzz Box

Electric Guitar Fuzz Sound
Photo Timer

Auto. Emergency Light Controt
Automatic Feed Control for
Slide Projectors

Cap. Discharge Electric

tgnition for Internal Combustion
Engines

Capacitive/Contact Alarm £7.96
2 Channet A.F, Mixer £5.44
R.F. Crystal Oscillator 20-60MHz £2.92
R.F. Crystal QOscillator 3-20MHz  £2.92
R.F.Mixer 12-170 MHz £2.92
R.F. Amp. 12-170MHz £2.92
R.F. Mixer 2.3-27MHz £2.92
R.F. Amp 2.3-27MHz £2.92
R.F. Power Amp. 3-30MHz £2.92
Wide Band Amplifier 3-30MHz  £2.92
VHF Convertor 144146MHz  £18.79
CB Convertor {27MHz}

Colour Bar and Dot Generator

Metal Instrument Cabinet

Metal Instrument Cabinet

Metal Instrument Cabinet

£13.83
£3.64
£4.70
£12.00
£8.71
£5.47

£9.08

£5.84
£33.36
£70.75
£23.19
£5.47
£7.25

£7.69
£14.14
£18.01
£7.96
£11.63
£17.06
£9.08

£9.08

£14.51

ALL PRICES INCLUDE VAT

AMTRON UK., 4 & 7 CASTLE STREET, HASTINGS, SUSSEX TN34 3DY. Tel: (0424) 437875.
ALL educational enquiries to Phillip Harris Ltd., Ludgate Hill, Birmingham. Tel: 021-236 4041.

WWWwW.americanradiohistorv.com




COMPONENTS

HOBBYIST - AMATEUR - DOMESTIC SURPLUS - INDUSTRIAL -

BULK OFFERS

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

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

VALVE BASES

Printed circuit BSA — B7G o 3p
Chassis UX7 — UX5 — B9G - B7G 3p
Shrouded chassis B7G — B9A .. 4p
B8A — B9A chassis — B12A tube 5p

TO3 Mica Washer 2p
3” Standard Tape -
.Boxed 20p
GP91-1 Cartridge,
turnover stylii
GC10/4B Cold
Cathode

75p

£5.00

TAG STRIP WRIST COMPASS | Brand New Boxed
6 way 2p Single 1p 20p with Needle Lock | 6K7G 5p
11 glass fuses— 250 m/a or 3 amp (box of 12) 12p
3" tape spools . . - o o = 8p
FX2236 Ferrox Cores . . o 28 5p
PVC or metal clip on M.E.S. bulb holder 3p
All metal equipment Phono plug o ; o . 2p
Bulgin, 5mm Jack plug and switched socket (pair) .. : 30p
12 volt solenoid and plunger . = ' .. . 40p
250 RPM 50 ¢/s locked frequency miniature mains motor 50p
200 OHM coil, 2}” long, hollow centre - 10p
Belling Lee white plastic surface coax outlet Box 30p
R.S. 12 way standard plug and shell 1 o 50p
SWITCHES 1u I?ESISTORS
Pole Way Type F5—z watt 1p
4 2 Sub. Min. Slide 10p |1 watt . 2p
6 2 Slide 15p Upto 5 watt wire 10p
4 2 LeverSlide 10pif10 Watt wite
wound . 12p
6 4 16 watt ., 14p
? 3 Lwafer Rotary 20p each SKELETON
2 5 PRESETS
5K or 500K 4p
1 3 + off Sub. min. edge 10p | 5K wirewound 5p
1 3 13 amp small rotary 12p SAFETY PINS
2 2 Locking with 210 3 keys _ | Standardsize, 10for 4p
2 1 2 Amp 250V AC. rotary 20p |WIREWOUNDPOTS
1 2 Toggle 10p 250, 300 OHM, 1K, 4
watt, 5K, 10K,11K, 20K,
COMPUTER AND AUDIO BOARDS |50k allat 12p each
HOST OF QUALITY, REASONABLE LEAD | Philips transformer,

TRANSISTORS, SOME POWER. SILICON,
GERMANIUM, ZENER DIODES, POT CORES
H1-STAB RESISTORS, SOME WIREWOUND,
CONDENSERS, CHOKES, TRIMPOTS,
ELECTROLYTICS, ETC.
3lb. for 75p 4 30p post and packing
71b. for £1.50 4 50p post and packing

SUBMIN VERTICAL SKELETON PRESET

50, 100, 220, 470, 680 OHM 1, 2.2, 4.7,

6.8, 10, 15, 22, 47, 68, 100, 220 K OHM.
ONLY 3p EACH

KNOBS o
SILVER METAL PUSH ON WITH POINTER, OR
WHITE PLASTIC, GRUB SCREW, WITH
POINTER AND SILVER CENTRE 10p EACH.

. ZM1162A INDICATOR TUBE
0-9 Inline End View. Rectangular Envelope 170V
2.5M/A £3.60

RESETTABLE COUNTER
English Numbering Machines LTD,
MODEL 4436-159-989
6-14 volt, 6 digit, illuminated, fully enclosed. £2.50

AP0

safety fused. In 200-
220-240v. Out 240v
60ma 4-6.3v 1a approx
27 x 23" x 23”7 £1.50
5K Log Pot 15p
1meg Tandem Pot 25p
2 meg log switch pot

. 25p
THERMISTORS
VA1034
VA1040
VA1055
vatoes { 1opeach
VA1100
VA1077
STEEL BOX WITH
LID
10 x 545 x 3” grey
hammer finish  £1
RELAYS

6 volt, 2 pole c/o heavy
duty contacts 60p
P.0. 3000 type, 1,000
OHM coil, 4 pole c/o
60p

ELECTROLYTICS Mullard C426, 1CC, CRL,
CCL, Cullins, Hunts, STC Subminiature, etc °

MFD/VOLT 2p
100/6. 6/3, 8/6,200/3,
25/3.
25/6.4,
250/6.

4p 20/12, 100/25,
100/12, 25/12,
100/15,64/10,125/10,
50/50, 50/10, 100/18,
6/25, 2/350.

9p 8/500, 100/200.
400/40, 100/260-275,
416 reversible.16 /450
5p 8/50, 8/20, 8/40,
2.5/64, 12/50, 12/20,

500/6,

10/20, 16/50, 16/40,
25/25, 50/25, 150/12,
150/25, 260/12, 4/60,
15/35, 5/50, 8/150,
1/78, 2/75.

6p 250/18, 400/16,
250/30, 550/12
150/40, 50/50.

50p 8/800, 12,000/12,
2000/50. 32-32-50/
350.

20p 100-100/150,
100-100/275,
32-32/276.

£1 100-100-100-150-
150/320

INDICATORS
Arcolectric green, takes M.E.S. bulb 15p
Bulgin D676 red, takes M.E.S. bulb 16p
12 voltred, small pushfit 20p
Mains neon, red. pushfit 20p

CAPACITORS

Mixed type PFDS, 2p.1,3.3,4.7,5.6,10,12,15,
16,18, 20, 22, 24,25, 27,30, 33,37, 39,47, 50, 56,
68, 88, 100, 110, 120, 150, 200, 220, 250, 270,
300, 330, 470, 500, 600, 680, 800, 1000, 2200,
3000, 3300, 5000.
Poly, met., film, paper, etc. MFD/Volt, 3p.
001/1250, ,005/250, .03/350, .03/12, .03/200
.033/100, .0068/70, .056/350, .061/035, .069/
350, .075/350, .08/350, .1/350, .1/500, .13/350,
.25/150.
4p. 1500, 1800, 2200, 3000, 3300, 6800,
8200 PFD. .01/350, .013/350, .02/250, .05/125,
.05/250, .068/200 .25/350.
5p. .033/100, .1/250, .25/500, .5/350.
6p. .1/600, .1/1500, .22/260. .5/250
10p. .01/1000, 1/350, 2/150, 2/200, 2/250
.1/900, .22/900.
40p. 5/150, 9/275AC, 10/1560, 16/150, 40/150.

TRIMMERS, .15p each
100PF Ceramic, 30PF Beehive, 12PF PTFE
2500PF 750 volt, 33PF MIN. AIR SPACED
5PF, MIN. AIR SPACED, 50PF CERAMIC.

CONNECTOR STRIP
Belling Lee L1469, 4 way polythene. 3p each

CAN CLIPS
1" or13” or 3" o 8 .. . 2p
LABGEAR MAINS DROPPER
36 ohm 25 watt 4 79 ohm 9 watt 25p
TUNING CONDENSERS 50PF, 25p
2 Amp Suppression Choke 5p
PAXOLINE
3x2ix4L" e N . 2p
43 x £ x ", = 2 for1p
220K 3 watt resistors. . .. 2p
100 ohm 3 watt resistor - b 4p
VALVE RETAINER CLIP, adjustable 2p
OUTPUT TRANSFORMERS
Sub-miniature Transistor Type Y 20p
Valve type, centre tapped or straight 40p

3 pin din to open end, 14yd twin screened
lead 35p

RADIO & ELECTRONICS CONSTRUCTOR



SEMICONDUCTORS

. BU105/01 £1.60 2N987 .. 45
Fuli spec. marked by Muilard, etc. Many otier types in stock 2 CA3804R.F. 2N1091 24:;
AC107 .. 15p | BC148B/9B 9p| BF115 .. 20p AMP I.C. . £2.50 2N1302 15p
AC127 .. 12p | BC157/8/9 11p| BF167 .. 21p | GET111 55p 2N2219 16p
AC187/8 12p | BC158A/B 13p{ BF173 .. 20p | MA393 50p 2N2401 (ASYZG 27) 25p
ACY28 .. 18p | BC159C 13p| BF178 .. 26p |OC35 .. 32p 2N2904 17p
AD149 .. 45p | BC178 16p| BF179 .. 30p | TAA570 £1.50 2N2905 21p
AD161/2 30p | BC186 25p | BF180/1 25p | TAD100 £1.41, 2N2906 15p
AF116/7 14p | BC187 22p| BF182/3 40p | 2G302 .. 19p 2N2907 18p
AF124 .. 24p | BC213L 11p| BF184/5 17p | 2N393 .. 50p | 2N3053 15p
AF127 .. 20p | BCh47 12p | BF194/5 12p {2N706 .. - 8p
AF139 .. 30p | BC558A 12p| BF196/7 13p Amp Voft THYRISTORS
AF178 .. 30p | BCY40 87p| BF200 .. 25p |4 240 BTX18-200 N 4 75p
AF180/1 40p | BCY70/1/2 12p| BF262/3 23p |14 240 BTX30-200 40p
AF239 .. 37p | BD112/3 63p| BF336 .. 35p |65 300 BT102-300R 68p
ASY27 .. 30p} BD116 .. 80p| BFX29 .. 27p |65 500 BT102-500R 82p
ASY73 .. 25ip | BD115 .. 62p | BFX30 .. 25p |10 700 BT106 £1.20
BC107AorB .. 16p |. BD131/2 35p| BFX84 .. 22p |15 500 BT107 o 90p
BC107/8/9 o) 7p | BD135 .. 36p| BFX88 .. 18p |65 500 BT101-500R 83p
BC108A/B 15p | BD203 .. £1.41} BFY50/1/2 Mpj65 500 BT109-500R 90p
BC109B .. 10p| BD232 .. £1.70| BSV64 50p |20 600 BTW92-600RM .. .. £3.90
BC147/8/9 4 9p | BD234/5 75p| BSX21 .. 20p [15 800 BTX95-800R Pulse Modulated .. £18.00
BRIDGE RECTIFIERS OTHER DIODES
Amp Volt RMS Amp Volt RMS Centercel . E 10p
* 1,600 BYX10 30p 2 30 LT120 30p | IN916 . < B 4p 5lb New Mixed
1 140 OSH01-200 28p | 0.6 6-110 EC433 BA145 17p Components
1.4 42 BY164 45p | Encapsulated with built-in BA182 .. 24p | £2 plus 40p p & p
Plastic types heat sink 15p | 0A5/7/10 ‘EI_’Sp
ooz | AMP RECTIFIERS OPTO ELECTRONICS Beype Upm;:xgs EL
4 t A
|“4883 200 \\;gh N N 1,:: ORP12 44p Photo transistor | Amp Volt DIAC  BR100  20p
IN4004 400 volt . . 5ip BPX40 65p BPX29 £1.60 | 25 900 BTX94-900 .. £7.50
IN4005 600 volt . . T 61ip BPX42 £2.48 OCP71 42p | 25 1200 BTX94-1200 . £10.20
IN4006 800 volt . . 7p | BPY10  £1.50 cay11B WESTINGHOUSE 28TI0 30
IN4007 1,000 volt . §. 8p (VOLTIAC) RED L.E.D. . AMP 1000 VOLT THYRISTER
BPY68 £1.60 Infra red transmitter £5) WITHOUT NUT -
HIGH POWER RECTIFIERS BPY6Y  £2.60 | 2v 50m/A max-
Amp Vol BPY77  £2.60 41 mm diam. |PHOTO  SILICON CONTROLLED SWITCH
SR100 15 188 ZP Diodes 41 mm diam. 28p | BPX66 PNPN 10 amp . £1.50
SR400 1.5 4 p
LT102 2 30 10p PNPN PROGRAMM-| pPAPER BLOCK CONDENSER |TAA300 T0-74 1 Watt
BYX38-600 25 600  34p | ABLE UNIJUNCTION|026MFD 800 volt 30p [A.F. AMPLIFIER I.C.
gzigg-ggg gg ggg igp BRY39 23p | 1MFD 400 volt 15p |45 to 9v £1.621
s 3 P v 250 volt 20
BYX38-1200 25 1,200 52p F.ET's %kﬂ"ig S s50p| WIREWOUND
BYX49-600 26 600 34p | BFW10 58P | SMFD 250 volt 20p SLIDER
BYX49-300 2.5 300 26p [ BSV79 .. £1.30} 4M 150 Ohm. 250 Ohm 5K
BYX49-900 2.5 900 40p | BSV80 . £1.10| 15MFD 150 volt 25p 0 e
BYX48-300 6 300  40p N. Channel METAL CHASSIS SOCKETS [ BeH
gz’;ggggg g ggg ggz BSV81 M.O.S.T. .. £1.56 | Car Aerial .. - o gp HANDLES
BYX48-1200 6 1,200 80p BFS28 Dual M.0.S.T. 92p | Coax ot 50 SP Ri%id light blue nylon
BYX72-150R 10 150  35p | Plastic, Transistor or Diode | © ©f & pin in 69 61” with secret fitting
BYX72-300R 10 300 45p | Holder 1p | Speaker din Switched .. 6P |gcrews 5p
BYX72-500R 10 500 55p | yransistor or Diode Pad 1
BYX42-300 10 300 4sp | | oAER O e = ALL ORDERS | Rotor with neon in-
BYX42-600 10 600 65p 50 .e 100 OVER £6 V.A.T. FREE dicator, as used in
BYX42-900 10 900  80p P per 2P
BYX42.1200 10 1200 95p — Seafarer, Pacific; Fair-
S e T ,300 £2.90 Phnllps Iron Tfl'luermlostat 1gp 8 way Cinch standard |way depth finders
BYX46-400* 16 400 £3.20 | pulein2-pinf S4Pag and socket 108 | (.15 pitch edge socket 20p each
y edge plug 15p
BYX46-500* 15 500 £3.60 3 MHEATSINK 20p P 3
BYX46-600* 15 600 £3.90 TO SINK : — Miniature Axial Lead
d Europlec HP1 TO3B individual ‘curly’ | U.E.C.L. 10 way pin Ferrite Choke f
BYX20-200 25 200 60p power transistor type. Ready drilled 20p | connector 2B6000 e OXCESIOIMErS
BYX52-300 40 300 £1.75 S M= Y AR 0 B 2p
BYX52-1200 40 1,200 £3.00 Tested unmarked or marked OA1 .p
*Avalanche type ample lead ex new equipment U.E.C.L. 20 way pin DEE PLUG
N50 ohm free plug (UG21D/U 50 ACY17-20 8p | OC23 20p | connector McMurdo DA15P 15
N50 ohm squal:e so(cke: (UGSB?A/U) sog ﬁgg? gp 88;‘1)625 12" 2A60000A1P20 30p |way chassisplug 20p
» - e P - P :
1 A Terryclips chrom.e finish 4p | ALY10 40p | 26240 2.50 U.EI.<C.L.2é_206v660y1 Rp1|8 Fairway 18009 Coax.
Cinch 10-way terminal block 15p | BC186 1p | 26302 6p | socket socket .. 5p
Pair of LA2407 Ferrox cores BCY30-34 10p | 2N2926 5p ZOP
with adjuster 25p 351\(17;’/1/2 139 %mfg%g gp U.EC.L. 20 way pin TIE CLIPS
Chrome Car Radio facia 15p | By127 32 2N1302 82 socketB260800A1R20 Nylon self locking 7”
Rubber Car Radio gasket 10p | B7Y88 series 5p | 2N1907 2.50 30p 2p
DLI Pal Delayline £1.40 | HG1005 4p | Germ. diode 2p | BELLING LEE L1354 g
Relay socket 12p | HG5009 4p | GET120 (AC128( TV Aerial diplexer 10p CINCH 150
Take miniature 2PCO relay E%’;gm :P in1 Sq-hea‘s'zn(;o Philips electronic eng- |12 way edge socket
B9A valve can . 20 | ma 102 GET872 122 ineer kits add on series 10p
0-30in -5 segments, black pvc, 0A81 ap 100v 1 amp diode A20, E1004, E1005 11b Mixed nuts, bolts
360° dial, silver digits, self 0A47 4ap 3p £1.00 each h 4 5 9
adhesive, 41" dia. . . . 16p | 0A200-2 4p (parts worth more) |washers etc. 35p
SMALL ORDERS, ENCLOSE SUITABLE H 0 S H A C K
STAMPED ADDRESSED ENVELOPE
LARGE ORDERS, ADD SUFFICIENT FOR 167 ST. JOHNS HILL, BATTERSEA, LONDON S.W.11
POSTAGE, INSURANCE, ETC. Open 10 a.m. till 7 p.m. Monday to Saturday ~ Phone 01-223 5016
TOTALGOODS PLUS CARRIAGE, ADD 10% V.A.T. ghlc =SS Y ) OO S
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2.

Type Priee  Type Price

Acl; 022 ADIGLE

A3 020 ADL2OIP) o

acis 022 ATHO 055
0

ACITK
122

BSSSS R0

.1
.1
8
R
.1
.2

ADI62 BCHN

i
BUZIn

BEZ1)

BCZIZ

[LHEIRES

B
0.55 IK.IJ: BDI
. BUIN

Bl
B2

The largest selection

BRAND NEW FULLY GUARANTEED DEVICES

BDITT
Bl TR
Bidtan
[HEE
BDISS
BDING
BDINT
RDINS
RDIXY
B
BN
HDinG
BNI%
BINN
B

IH‘INI

LE NI
OUpF
acrsl
LW 20

UIU'I'

rm

(e

cosePeoOePee PP RSO PO
feiirls

Y
2

0.28

5
BYV127

-60 2 0.50

DIODES AND RECTIFIERS
0.09 BY128 0.17 VAT) 0.08
0.09 BY 130 0.18
0.09 RY 133
0.10 13Y 164
0.11 B\ i 0 16

0.17 CHG2
013 (u \‘Ilbl|) 0.06
1 ($1A70-

l \lllh 0.06

LINEAR 1.C’'s—FULL SPEC.

DTL 930 SERIES

LOGIC I.C's
Type i 25 o+
IH‘TWI 0.15 0.14 3
0.16 0.15
0.16 0.15
0.16 0.15
0.16 015
0.16 0.13
0.30 0.gx
0.15 0.14
0.30 0.28
0.70 0.65
0.15 o
IRl LiXY 0.45 0.43
[HLLLUY 045 0.43
BIraoas 0.45 0.43
To-5 In A ELLEE 0.45 043
NUMERICAL ALL PRICES

INDICATOR TUBES

INCLUDE V.A.T.

> Discription
E'UH Minitron 7 Segment
Elicator . £1.50
MAN M LELD. T Sagment Dispiny
g ol £1.90 | 3 TERMINAL POSITIVE® VOLTAGE
CD el Vi RE‘- LATORS
De i £1.87 l'l.mu x u|||<l||nlmu O 15 Amps.
GRIIG Side Viewlng °N wATROG o MVRBV) £1.56
Tuabwe 13 mhm £1.70 | wATAI2 | ’\ ( MVRI2V) £1.76
RTL MICROLOGIC CIRCUITS DUAL IN LINE SOCKETS
ice e Sockets Jor wae with DUAL~
xy TOS came 1-24  25-19 100 np . TWO . Rangex PROYES
Buffer 39p 36p  30p NEW LOW COST.

,um Dual 21/p uate 39p ssp .wp
L2 J K flip-flop  55p 5%
ate and Cirduits Booklet far 10, Trice 7p

0.33 030 0.27
038 0.35 0.32
BISIS 14 |n|| s

X (low cont 0.16 0.14 0.12
BITSIG 16 pin type
(I cost 0.17 015 0.13

74 Series T.T.L. 1.C's

Quantities
5 I

Quantitica

017

£l 10

Quantitirs

2 0+

017 0.16

017 0.16

0.15 0.16

0.29 0.27

0.29 0.27

0.39 0.35

0.39 03.5

0.4% 0.46

043 0.42

0.71 0.64
£1.25 £1.20

0.95 0.94
£1.15  £1.05
£1.05 £1.00
£3.40  £3.30

0.34 0.33
£375 £3.50

0.71 0.64
£1.05 £1.00

0.71 0.64

0.71 0.64

0.52 035

0.82 0.75

0.93 0.86
£1.45 £1.40
£1.04 £1.00
£1.04 £1.00

042 0.40

0.55 0.50
£1.27 £1.2F
£1.05 £1.00
£1.40 £1.30 DEVICES MAY BE MINED
0.48 0.45 'IU QU \I Y FOR
£1.45 £140 A Y PRICE. (TTL %4
£280 £2.80 1IN1,Y) DATA I8
0.82 0.79 B BL l“ I()R THE
£1.55 £1.45 ABOV A
£280 £2.70 BOOK OR.\|, PRICE 35p.
£1.05 £1.00
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X1 <120 NIXIE DRIVER
TRA STOR
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Sil. imns suitald for

GP 160 TO3 \IFT:\L
CASE GERM
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Corn
sistors
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048

P 300 TO3 METAL
CASE SILICON .

Veho 10V, Vewn G0V
115 ampw, ot
= 20, NPT,
.k- e |l|nw-lm 0
BDY 11 o
| % 1w 4
0.55 0.53 0.51
NEW 8th EDITION
250 pages
TRANSISTOR EQUIVA-

LENTS BOOK. A\ cumplete
e nefirence il equiva
lents book for European
American aml  Jupanes:
ranistors, Eselisive to 131
AR £1.88 cach.

UT 48 UNLIUNCTION
TR

.22

NERAL PURPOSE NPN
SWITCHING
TO-1R_SI31. TO
BSY-27 28 95A.
loviess s open
eireuite,  AIS{)

2N706,8.
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or  short
AVATLABLE in PNI' Nim.

to BCY70. When
ord please state pre-
ferpnor XEN ur NP,
£p
Tor 0.55
For L10
For 1.92
For 8.25
Por 14.30
£p
0.55
165
5.50
Full']'vxllwl Lo 950
R 2400 TO3 NPN
SILICOS HIGH
VOLTACE
Viho 250V, Ve
(1T L0 .
Tt 3W, bfe tap. 20
T+ 5MHaz.
1 o+
0.53 0.44
ADI61/162 PNP
MIPCOMP GERM TRAN!

OUR [OWEST PRIC
8lp PER POtk -

ALL PRICES
SHOWN
INCLUDE
VAT,

- fhe lowest prices!

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

INTEGRATED CIRCUIT PARS

Mgnufacturens = Fall s
clxaxl ax ontoofnpree”

which inelud
from the rankers

SILICON PHOTO TRAN-
S].\TOR

TO-18 lens end

b amd

r . Full
thataavailald yanran.
fovl, Ay S 100 up
Priv eavh  49p  44p  38p

alwout 1€ and experimental work.

'Pak No. Contentx Price
CIC - 12¢ T4y 0.55
Lol - T4 0.55
Ul(u2- 2 0.55
UICu3 =12 % 7408 0.35
Ul 12 x7404 0.55
Ultus 12y 5405 0.55
Cloos R 740 0.35
UlCus 8x 7403 0.55
7 .55

0.55

0.55

0.55

0.55

0.55

0.58

0.55

0.55

0.55

Pak No. Contenis
l:l('lli

05
0.55

al aml Part Funetionnl Units.

IN3033

llo WATT SIL
‘POWER  NPN
35p EACH

Lakn canmpt he split, b 256 assortid piras fonr mix} is asailalde as PAR UIC X1.

2. jmp. BRIDGE. RECTS.
50 v RN, 35p cach
a
Slp .
x 16 inm,

JULY 1974

9.28

DI6g9 NPN SILICON
ISTOR

o+
0.23

0.26

BIP 9,20 TO3 NPX PLAST]C SILICON

Veho MWV, Veen =50V 10 amps. PtotB=W
hlc—l\'pl‘ 100173~ MHz BH'IQ'!D Matehed Pair
25 iy + 25 100 +
0.35 0.32 0. 66 0.61 0.55

A/l prices gquoted 171 new pence
Please send all orders direct to warehouse and despalch deparimert

I-PAK

P.O. BOX 6, WARE - HERTS

Postapc and packiny adda 10p Dverseas add extra for airmai!

Ainimum order 5Up_Cash wilh order please

oL T RS EDER IO GO o KING OF THE PAKS Untequalled Value and Qualify,
£p )
o e 053 NEW BI-PAK UNTESTED
E ! 035 SEMICONDUCTORS
i .
3 9 :. ?)gg Batinfietion AUARANTEED io Brery Pak. or mongy brek.
P4 055
8 .- 055 Pak No Description Price
Qn 3 ()( HE v e trnasiston 0.55
@i 7 l type trnsistors 5 0.55 C 1 120 Gl Sab-Min, General Porpose Germanimn Diodes 0.55
Qi 2 2% Complomentary w"" U2 60 Mised Germaninn Travsdstors AF[RY 0.55
- “’“'; ’;("'_ E N“m 4 g:”: v mamnivim Goll Honded Sub-Min. ke OA5, A7 0.55
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Qs 3 055 U5 60 200mA Sub-Min, Silicon Dinden . 055
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o 2 o Ire MO it . U7 18 Sil. Rectiiors TOL-HAT 730mA VTG, RANGE up to 1000 0.55
trnnsistors 0.55 Sir Nl Planar Didex TH).T Glass 250 A like 0A200/202 0.55
3:s § Pl -‘Iﬁff'l;'w[ we L 20 Mixed Vedtages, 1 Watt Zener Dirlen 0.55
WEs ¢ 20 BAY50 chare sty Diodes DO-F Glass 0.55
2. 0.55 0 15 i 1 7 - :
QI 3 MADTR 2/MAT Il & 1xMAT 25 PXP Bil. Planar Trans. T10.5 like 2X 1132, 2X2004 0.53
E - O licon Rectifiens Epaxy 500m A up to 800 P1¥ 0.55
: """““‘::Ifl’;:‘l::’::"l"r;,;‘ b e B PXPXPN Sil. Transistors OC300 & 28 104 055
0 AEL K. cored 035 con el Germaninm Diodes 0.55
It 055 NPX Sil. Vlavar Trans, 105 lice 8EY51, 2X687 | 055
A x s WE) 163 Amyps Silicon Reettivrs Stud Ty up to 1000P1V 0.55
15 ks 3501V 33MAL L 055 U P
M B L [y i maninm X1 AF Transstun T0-5 like ACY 17-22 055
INGH . . 0.55 0.55
AT 2 A G PV Silicon netitien 0.55
1R 0.55
Qa2 0.55 0.55
[TEU I | Tmmhium 20300 Serien & (071 0.55
- e, | S B 0.55 30 \l\m % ke MHz Series PN Tronsistors B 0.55
il & ROy OE=Chi 20 (urlmmluml Amp Rectifiers G31 Series up 0300 PIV . 058
npn - ] . o 055 i
23 8 Silicon <niteh trmistops 2N 2 con ‘I'ransistors 2X708, BSY27 0.55
0.55 Diodes like 1N914 Micro-Min. 0.55
w2 3 ninm AF Teandstor TO-1 like AC127 0.50
055 :
115
s B 035 10 10 TO5 cun. up to 600 PIV CRSI/25-6on
DT i et o 15 Plastic Silion Planar Trae 055
# -
ANl SN R, s 20 Silicon Phinsr Plastic XUX Trans, Lo Xoise Amp 2N3707 055
Wha 3 2 <IN2MY &
Ak 1 T 0.55 35 Zeovr Djordes domWW DU 18 volts mixed 0.55
5 sntic I0NMHz wpn 055 Plastic Case ) Amp Siticon Roctitives EN3000 Series 0.55
3 o trasistons 055 e, TO.3 BCV25 2530204 055
rumistons i . am PXP TO-IB 2N206 .. .. 0.5
: L V51752 0.55
Trawistors 80-2 PNE OC200, 25322 0.55
com “Cranx, H0MHz 2N3011 0.55
EIECTRONIC SLIDE-RULE K , ; 1. PN1 Transistons 13/5 TO-5 055
U Sliel eet runic . . -
clenlot s fontures the Gollowing seades:—Conversion eacR LR i O R IKT e - 0.55
of Freq and Wavelometh, Calenlation af | rvar 2 g 0.5
Canl ractance nnd Self a2 10 VHE CGermg 1 Franeistars TO-1 \I\Il-lﬂ Arnz 0.55
S, e ri3 - Tenus. Plastic J61-186 AF. BCLIBI14 L. 058
g Maatic 055
e e . Uss | Truna, Vlastic 14 R .
) " Sepuaring. Cubing aidd (L1 SCR. TO66 ap to 6001V g . F . - 110
Square Rootx, Conversion of kW and Hp. A must for
every cleetronic engineer and cathusiast. Nize: 22 em % o
dem. Complote with ense and inctmetions fioned above are given as a ugnidu to the type of device in
Prie: ench: £3.69 Ivew ares normally nnmarked.
NE| ‘o
w2 oo | NEWLOWPRICEDTESTEDS CR's SILICON RECTIFIERS
g 233V, 12p rech X i A
ip-Hat) N Y SA BA AN I6A 30A [PIV 300mAZE0mA 1A 154 33 10A 304
s R e OMTORTOIN TOI TOIS T8 DOT SOLG Plastic SOI6 SO10 SO0 TO48
| ||n P\lm range |- 9 039 0.52 50 Wi 005 008 015 021 0.6(;\
¥ »
- Tewy 0.52 0.55 10 07 006 e 017 023 0.75
ol 26 200 054 02 200 010 007 012 022 025 £1.00
4tuy 082 067 400 015 008 «15 03v 038 £135
Gt 35 035 084 50 017 610 (.8 038 045 £1.90
Tl Ry OR8 D0 (I.i2 £I5ﬂ 544" B0 wlg 01l 020 038 055 £2.10
. . - 1000 030 012 025 048 065 £2.50
wpecifivations. tut are itlenl for learning oL i I 1% %loise Mot I on
POST OFFICE " 2N TRIACS
. Nad19  3lp  2N5458  35p DIACS
Pak No. Contents Price TELEPHONE =5 55: 3N5450  44p |FOR USE WITH TRIACS VBOM
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2Amp 033 055 0.77
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choice free with orders on heat sink.
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Guaranteed Satisfaction or Money Back



by A.R.R.L.
STEREO SOUND
by H. W. Hellyer PRICE £3.70
RAPID RADIO REPAIR
by G. W. Heath PRICE £1.70

THE TRUE SOUND OF MuUsSIC

by Hans Fantel PRICE £2.70
TELEVISION ENGINEERS’ POCKET BOOK

by P. J. McGoldrick PRICE £2.60
HOW TO USE INTEGRATED CIRCUIT

LOGIC ELEMENTS

by J. W. Streater PRICE £1.50
TRANSISTOR CIRCUITS
by T. M. Adams PRICE £1.85

STEREO F.M. RADIO HANDBOOK

by P. Harvey PRICE £2.60
DIGITAL LOGIC BASIC THEORY & PRACTICE
by J. H. Smith PRICE £1.60
THE PYE BOOK OF AUDIO

by Pye Ltd. PRICE £1.05

THE MODERN BOOK CO
THE RADIO AMATEUR’S HANDBOOK 1974

Price £2.95

DIGITAL ELECTRONICS

by B. Ward PRICE £1.45
RAPID SERVICING OF TRANSISTOR
EQUIPMENT by G. J. King PRICE £2.00
BEGINNER’S GUIDE TO COLOUR T.V.

by G. J. King PRICE £2.05
HANDBOOK OF IC CIRCUIT PROJECTS

by J. Ashe PRICE £1.50
.BASIC AUDIO SYSTEMS
by N. H. Crowhurst PRICE £1.70

FOUNDATIONS OF WIRELESS AND
ELECTRONICS by M. G. Scroggie PRICE £2.00
SERVICING WITH THE OSCILLOSCOPE

by G. J. King PRICE £2.00
UNDERSTANDING & USING THE VOM &
EVM by J. Cunningham PRICE £1.60
TEST EQUIPMENT FOR THE RADIO
AMATEUR by H. L. Gibson PRICE £2.00

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

Comprising AUGUST 1972

to JULY 1973

792 pages
plus index

LATEST
BOUND VOLUME
No. 26

of
“Radio & Electronics

Constructor”
FOR YOUR LIBRARY

PRICE £2.10 P&P 30p

BOUND VOLUME No. 24 (August 1970

BOUND VOLUME No. 25 (August 1971

to July 1971)
to July 1972)

Limited number of these
volumes still available.

PRICES £2.00 per Volume P & P 30p.

We regret all earlier volumes are now completely sold out.

Availabie only from

DATA PUBLICATIONS LTD.,

57 MAIDA VALE, LONDON, W9 1SN

RADIO & ELECTRONICS CONSTRUCTOR
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SPEAKERS

WILMSLOW AUDIO

THE Firm for speakers!

SPEAKERS

CHROMIUM DIOXIDE cgo

Baker Group 25, 3, 8 or 15 ohm £7.75 Fane Pop 100 watt 18” £22.50
Baker Group 35, 3, 8 or 15 ochm £8.50 Fane Crescendo 12A 8 or 15 ohm £29.00
Baker Group 50/12, 8 or 15 ohm £12.50 Fane Crescendo 12B 8 or 15 ohm £29.00
Baker Deluxe 127, 8 or 15 ohm £10.75 Fane Crescendo 15, 8 or 15 ohm £36.00
Baker Major 3, 8 or 15 ohm £8.50 Fane Crescendo 18, 8 or 15 ohm £47.50
Baker Superb 8 or 15 ohm £14.50 Fane 701 twin ribbon horn £23.00
Baker Regent 8 or 15 ohm £7.75 Fane 910 horn £10.75
Baker Auditorium 12" £12.50 Fane 920 horn £38.50
Celestion PST8 (for Unilex) £2.55 Fane 152/12a 15" 15 ohm £16.00
Celestion G12H 8 or 15 ohm £15.00 Fane 801T 8” d/cone roll surr. £7.00
Celestion G12M 8 or 15 ohm £12.00 Fane 803T 8” d/cone roll surr. £5.25
 Celestion G15C 8 or 15 ohm £24.00 Fane 80ST 8” d/cone roll surr. £3.50
Celestion G18C 8 or 15 ohm £33.00 Fane 808T 8” d/cone £2.75
Celestion MH1000 8 or 15 ohm £10.45 Fane 807T 8” d/cone roll surr. £3.85
Corai 63" d/cone rollfsurr. 8 ohm £2.42 Goodmans 8P 8 or 15 ohm £4.49
Coral 64" (larger magnet) 8 ohm £3.00 Goodmans 10P 8 or 15 ohm £4.70
Coral 8” d/cone, rollfsurr. 8 ohm £3.11 Goodmans 12P 8 or 15 ochm £11.65
EMI 13 x 8, 3, 8 or 15 ohm £2.15 Goodmans 12P-D 8 or 15 ohm £15.25
EMI 13 x 8, d/cone 3, 8 or 15 ohm £2.35 Goodmans 12P-G 8 or 15 ohm £14.50
EMI 13 x 8 t/tw. 3, 8 or 15 ohm £3.60 Goodmans 12AX 100 watt 8 or 15 ohm  £39.65
EMI 13 x 8 type 350, 8 or 15 ohm £8.25 Goodmans 15AX 100 watt 8 or 15 ohm  £42.00
EMI 13 x 8 20 watt bass £6.60 Goodmans 15P 8 or 15 ohm £18.00
EMI 5” 98132CP 8 ohm £2.30 Goodmans 18P 8 or 15 ohm £31.00
EMI 63” 93850 4 or 8 ohm £2.80 Goodmans Midax 750 £15.00
EMI 8 x 5, cer. mag. 8 ohm £1.65 Goodmans Axent 100 tweeter & crossover £6.60
EMI 8 x 5, 10 watt, dfc roll/s 8 ohm £2.50 Goodmans Audiom 100, 8 or 15 ohm £9.50
EMI 10 x 6 93870 8 ohm £1.92 Goodmans Axiom 401, 8 or 15 ohm £15.10
EMI 21" tweeter 8 ohm -65  Goodmans Twinaxiom 8” 8 or 15 ohm £6.79
Elac 9 x 5, 59RM109 15 ohm, Goodmans Twinaxiom 10”8 or 15 ohm £7.61
59RM114 8 ohm £2.65 Gauss 12” full range 8 ohm £63.00
Elac 63" d/cone, roll surr. 8 ohm £3.35 Gauss 12” Bass 8 ohm £63.00
Elac 63" d/cone 8 ohm £2.65 Gauss 157 full range 8 ohm £68.00
Elac TW4 4” tweeter £1.21 Gauss 15” Bass 8 ohm £68.00
Elac 10" 10RM239 d/c 8 ohm £2.65 Gauss 18” full range 8 ohm £74.00
"Elac 8”3 ohm £2.50 Gauss 18” Bass 8 ohm £74.00
"Eagle Crossover 3, 8 or 16 ohm £1.20 All the above Gauss (American) speakers are
Eagle CT5 cone tweeter 8 ohm £1.50 fitted with 41” voice coils and can handle 200 watts
Eagle CT10 tweeter 8 or 16 ochm £2.54 RMS.
Eagle DT33 dome tweeter 8 ohm £5.45 Kef T27 £4.75
Eagle FF5 3 way crossover £3.15 Kef T15 £5.75
.Eagle SN75 crossover with tw. control £3.60 Kef B110 £6.75
Eagle FF28 multicell, horn £7.75 Kef B200 £7.50
Eagle HT1S horn tw. 16 ohm £3.80 Kef B139 £11.75
+Eagle HT21 horn tw. 8 ohm £5.88 Kef DN8 £1.92
Eagle MHT10 horn tw. 8 ochm £3.80 Kef DN12 £4.12
Eagle FR4 4” full range £5.30 Kef DN13 £2.75
Eagle FR65 61" full range £7.15 Richard Allan 12” d/cone 3 or 15 ohm £2.50
Eagle FR8 8” full range £9.50 Richard Allan CG8T 8” dfc roll surr. 8 ohm £6.35
Fane Pop 15 watt 12 £4.40 STC 4001G super tweeter £6.19
Fane Pop 25/2 25 watt 12” £6.40 Wharfedale Super 1ORS/DD 8 ohm £9.80
Fane Pop 40 10” 40 watt £8.50 24” 64 ohm, 70mm 8 ohm, 70mm 80 ohm .65
Fane Pop 50 watt 12” £11.00 21”75 ohm .50
Fane Pop 55 12” 60 wartt £12.50 7" x 4”3, 8 or 15 ohm £1.38
Fane Pop 60 watt 157 £13.00 8" x5”3,8o0r15 ohm £1.38
10” x 6” 3, 8 or 15 ohm £1.92
P he
3 Cassettes -
- z uy
a 1 5 10
Agfa Low Noise Cassettes C60 37p £1.80 £3.50
I C90 50 £2.48 £4.95
AT LESS THAN HALF PRICE! a0 63: i i
6 ‘1) £2s e
C60 5 .40 £4.70
AGFA HIGHDYNAMIC SUPER Si8+¢ 50p 240 £470
C120 99%p £4.90 £9.90
- 1 5 10
GFA STEREO-CH ROM C60 85p £4.20 £8.30

£1.08 £5.35 £10.60
SAME DAY DESPATCH

WILMSLOW AUDIO  oept.Re BANK SQUARE, WILMSLOW, CHESHIRE
10 Swan Street, Wilmslow, Cheshire
SK9 1HF AMPLIFIERS, RADIO ETC.
(24 (2 56 o ks Cut-price prerecordefgrc“asstsettes — send stamp 10 SWAN ST., WILMSLOW, CHESHIRE
—=

SPEAKER KITS (Carr. 75p each. £1.50 pair)

Baker Major Module 3, 8 or 15 ohm each £10.75
Fane Mode One each £9.90
Goodmans DIN 20 4 ohm each £8.75
Helme XLK25 pair £18.17
Helme XLK30 pair £14.95
Helme XLKS0 pair £37.18
Kefkit 2 each £23.50
Kefkit 3 each £34.00
Peerless 3-15 (3 sp. system) each £15.00
Richard Allan Twinkit each £8.25
Richard Allan Triple 8 each £13.00
Richard Allan Triple each £18.50
Richard Allan Super Triple each £21.50
Wharfedale Linton 2 kit pair £19.25
Wharfedale Glendale 3 kit pair £34.50
Wharfedale Dovedale 3 kit pair £52.50

PA/DISCO AMPLIFIERS (Carr. and ins. £1)

Baker Major 100 watt £46.00
Linear 30/40 £30.00
Linear 40/60 £35.00
Linear 80/100 £59.75
Linear 100 watt slave £44.00
Eagle PRO A120. 120 wacts RMS £129.00°
Eagle PRO A65. 65 watts RMS £98.50
Eagle PRO A35. 35 watts RMS £77.00
Eagle TPA40 mains/12v mobile £50.00
Eagle HHS 36 watts mobile 12v. £37.50
Eagle TPA20 paging amplifier £40.00
Eagle RA859 Reverb (p. & p. 75p) £17.50
Eagle RA856 Reverb (p. & p. 75p) £12.50
MICROPHONES (p. & p. 50p)

Shure 515 SB £14.95
Shure 515 SA £15.75
Shure 545 £29.95
FREE with loudspeaker orders over £7 -

“HiFi Loudspeaker Enclosures” book
All items guaranteed new and perfect
Prompt despatch

Carriage: 35p per speaker, 20p per tweeter,
crossover or 24”/70mm speaker, kits 75p each
(£1.50 pair)

ALL PRICES QUOTED INCLUDE VAT

Send stamp for free booklet ‘Choosing a speaker’

Bid discounts on Grundig, ITT, Koyo, etc.
Send stamp for list

WILMSLOW
AUDIO

DEPT RC
LOUDSPEAKERS: SWAN W ORKS

JULY 1974
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Fach £3 unit of Home Unit Insurance gives you prutctinn up to the limit shown

This is the simplified insurance you have been waiting for. (or 4 units after. the first) up to a maximum of five. So
Not just cover on the contents of your home but a simple. So easy. Apply to your Broker, Agentor local office
package of personal protection you and your family need. of a General Accident company. - —

And it's how we save you so much money: just ONE The Home Unit Policy can replace your existing insurances
policy to issue instead of ninel B And remember— as you buy more possessions just add
You can build up to the cover you need by additional units more Home Units at any time. Quote Ref. 20/9468

THE GENERAL ACCIDENT FIRE & | o Ll e ) |
LIFE ASSURANCE CORPORATION LTD! e it VRUIEPe |
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S

DENCO (CLACTON) LIMITED
355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX

—

MD 1 Decoder Circuitry for Stereo Reception

Our components are chosen by Technical Authors and Constructors throughout
the World for their performance and reliability, every coil being inspected twice
plus a final test and near spot-on alignment as a final check.

Our General Catalogue showing full product range . 24p
DTB4 Transistor & Valve circuitry for D.P. Coils
DTB9 Valve Type Coil Pack Application circuity

All post paid, but please enclose S.A.E. with all other requests in the interests of
retaining lowest possible prices to actual consumers

24p
24p
24p

QUALITY EGONDMY

RABONE CHESTERMAN-LOCKFLEX RULE,
Beautifully made 3m/10ft precision rule
housed in a very attractive ABS case. Easy
to read, 13mm/3}" wide,metric and imperiai
steel tape. Extremely useful catch mechanism
locks the blade anywhere atong its length -

power return £093

(76)

RABONE CHESTERMAN-COMBINATION TRY
AND MITRE SQUARE, For chassis work,etc,
such versatifity. One tool combining Try and
Mitre Square. Depth,Height and Marking
Guages. 300mm/12in Rule and Straight Edge.
Spirit Level/Plumb and Steel Scriber incor-
porated in die-cast stock . . £1-75
(83)

RABONE CHESTERMAN-RETRACTABLE
TRIMMING KNIFE, New style retractable
design. Strong with just the right feel for
scorlng, trimming, slicing or cutting a variety
of materials. Ideal for numerous general and
specialised applications including cable work

ete. . . . . . . . £065

CJL PRICES INCLUDE P&P AND V.AT
r--—---------—-----------

= Please send item(s) LI 23 I L I m Ll Bﬂ

1/We enclose crossed cheque / P.O. for £........
NAME

' ADDRESS

] 3
\ CJL LTD. P.O. BOX 34, CANTERBURY, KENT, CT11YT
~

el el LR T T e —

JULY 1974
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Learn to understand
electronics

for your hobbies

1. Lerna-Kit course

Step by step, we take you through all the funda-

mentals of electronics and show you how easily the

subject can be mastered.

(1) BUILD AN OSCILLOSCOPE.

(2) READ, DRAW AND UNDERSTAND
CIRCUIT DIAGRAMS.

(3) CARRY OUT OVER 40 EXPERIMENTS
ON BASIC ELECTRONIC CIRCUITS AND
SEE HOW THEY WORK

2.Become a Radio-Amateur

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

I N Gy e Be e Be = ..
Brochure, without obligation to:

BRITISH NATIONAL RADIO &
ELECTRONICS SCHOOL
P.0. BOX 156, JERSEY, CHANNEL ISLANDS.

l NAME
ADDRESS
| BLOCK CAPS
PLEASE
------------—,
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RADIO VMIODELLER [/

ELEGTQN IG ‘ﬁfeur.g and
Baaks =praciice afs

@ MODEL RADIO CONTROL

Detailing both Theory and Practice, this book,
‘by leading authority Paul Newell, will become
ithe standard reference work. A brief historical
survey leads up to a detailed description of
roportional systems, with over 100 illuseracions,
including theoretical circdits and p.c. layouts for
an advanced digital system. . davalopment of systams
H g reporticnal & i
134 pages. Price £2:25 U.K. Postage 13p :i";.“m::-
practicet exampl
Tull circoit details

@ SINGLET SET
The Singlet Transmitter, Superhet and Super-regen receivers,
three available in one book. Complete construction details with full size
p.c. layout, components list etc. ldeal introduction to the hobby for the
home constructor. 20 pages. Price 30p. U.K. Postage 3p

@ LOW COST PROPORTIONAL

Modellers who want to save money buy this volume when converting single
channel equipment to simple proportional. They find a wealth of really up to
date information in the clear descriptions, full size practical and working draw-
ings, plus over a dozen circuit modules for pulse proportional units.

118 pages. 1*rice £1°05 U.K. Postage |lp

Lo T e

Paulb Neweil

ON SALE WOW at all leading
shops or direct from:~

RADIO MODELLER. BOOK SALES. 64 Waellington Road, Hampton Hill, Middx.

i i |4 X 317 Meter
e -7 | 30uA, 50uA

56 WGRDAUPENES ! or 100uA

£3-65

— 1]
- 7

MULTIMETER Model 200H

i N '
CARDIOID DYNAMIC
20,000 ohmjvolt £7-00' | vicrRoPHONE Modsl UD.

130 Frequency response 50-
15,000 cps. Dual Impedance

50K & 600 ohms £6-60

A RUE L e

MULTIMETER Model | Smal DYNAMIC MICRO-
C-7081GN Range Doubler PHONE as pictured or similar
50,000 ohm/volt High Sensi- with remote on/off switch

tivity Meter  £14-46 £1-60

Large S.A.E. for List No. 10. Special Prices for quantity
quoted on request. Add 10p for P&P on orders under £5.
M. DZIUBAS
158 Bradshawgate, Bolton, BL2 1BA, Lancs.

All above prices include 10% V.A.T.
All items advertised in previous numbers of this magazine
still available.
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Why go hunting for
components when
there’s
CATALOGUE 7

ELEGTROALUE @ 112 pages

CataIOgUe NO7 @ Transistors, I.C.s,

Thyristors, etc.

@ Rs and Cs of all kinds

Semicanductors

ML b @ Pots
e e GENUINE DISCOUNTS
Sl COMPUTERISED

I HIGH-SPEED SERVICE

Look it up in Catalogue 7 first. Packed with com-
ponents, attractively priced, brand new and guaran-
teed to spec. You are more likely to get the things

zsp you want from ELECTROVALUE and there are
excellent discounts too.

Post free Anything over £2 (except Baxandall speaker)
including send carriage paid—in U.K. And with Catalogue
25p refund 7 you get a 25p Refund Voucher usable op orders
voucher for £5 or more list value. Catalogue 7 also includes

useful diagrams and data.

ELECTROVALUE LTD.

(Dept. RC8). 28 St. Judes Road, Englefield Green, Egham, Surrey
TW20 OHB (Telephone: Egham 3603)
Northern Branch, (Personal callers) 680 Burnage Lane, Manchester
(Telephone: 061-432 4945)

=== ——————— ___________%
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BI-PRE-PAK

SUPPLIERS OF SEMI-CONDUCTORS TO THE WORLD
e —_—————

Telephone { Ex GPO Push Button Plastlc Power
Corner Intercom Telephones

COMPLETE TELEPHONES Ex;'actly asinternal telephone systems still in everyday use
where automatic internal exchanges have not yet :aken
EF:(OLGJSPE}?OLNE())?PYI‘:EL over. Available in 5, 10 or 15 ways. Complete with circuits

and Instructions. Neccessary 24 palr cable 22p per yard.
Oty €1-05,

Price of each fnstrument is independant of the number of
POST & PACKING 45p EACH

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

%, llnly 27 l/Z P POST & PACKING 164p
/ W 722

ways.

£2.75 n.n.3815|l

Per Instrument

NOW IN TWO RANGES

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

1-12 13-25 26-50.

Cable can be sent by Parcel Post. Post and Packing per
50 yds: 73ip.

E)(tensnon Telephones Ttip each p.p. 273p £1.373 for 2
p.p. 5

These phcnes are extenslons and do not contain bells.

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\

7= 40 Ware 22 20 18p
TestEd and _‘) % ELECTRONIC TRANSISTOR ;3.:’:‘1‘ VCE. Mind0.  HFE Miao, TP TP

IGNITION £6 5 Complete Kitinci.
g V.AT.p&p 11p

Ready built and tested unit £9.90 inc. V.A.T.

Now in kit form, we offer this “up to the minute™
electronic ignition lstem. Simple to make, full instruc.
tions supplied with these outstanding features: Transistor
and conventional switchability. burglar proof lock-up and
automatic alarm, negatlve and positive compatibility.

=12 1325 4650
40 Wart 33p Itp 2%p
90 Watt 3 384p Bp
Complementary pairs matched for gain at 3 amps.
11p extra per pair. Please state NPN or PNP on order.

//A/”//////////////////////////////////////////////////////////

Guaranteed
Paks

TESTED AND GUARANTEED PAKS

879 Q  INHOOT SiLRec_diodes.
) 1,000 PIV famp plastic 55p

B81 Reed Switches, 1" long, 3* dia.
105 Seedo yper V7 BBp %
HS Mixed Diodes, Germ. Gold
100 rilesusiane  55p
Unmarked.

H3B Short lead Transistors. NPN
30 s“?cr:";ahm;alv;sp:l:rs 55p

EM 380 AUDIO I.C. as featured In Practical Wireless Dee.
issue. Complete with application data £1.10. K

INTEGRATED CIRCUITS

\ We stock a large range of I.Cs at very competitive
rices (from 1tp cach). These are all listed Jn our
EREE Catalogue, see coupon below.

\\

\\\\\\\\\\\

Ourrewvastlyimproved Mark Two
Cross Hatch Generator is now available

METRICATION CHARTS now avallable
This  fantastically  detalled  converston  calculator

H39 T d Circults. 4 Gat
6 g‘Mecgr;;; 2 Fﬁ: ;:op; 5:12;945 55p Esser(lal for alignment of colour guns on all colour T.V. :cr::: :::us;v:ldlshhof(azldassgesdA )refemr::;e:emzj‘z(\:ee;;
recelvers.
AR 2  Sil Power transistars 55p Featuring plug-in IC's and a more sensitive syne. pick-up length, area, volume, lIquid measure, welghts etc.
1 — comp pair BD131/132 circult. The case Is virtually unbreakable - ideal for the Pocket Size 15p Wall Chart 18p
Hé3 2N3055 Type NPN Sil. power englneer’s tool box - and only measures 3° x 53° x 3". We
4 :ranslstorz?Below spe:?devlces 55p :xve ?Irceady received a large order from a major T.V.
] S pCnRany. LOW COST DUAL IN LINE I.C. SOCKETS
W e reT 2 g Fti$10.92 e £8.72 e
unnonty iy :yp ¢ 185 eceh fNOW new low profile type
Hé5 { #0361 Type NPN Sil. transistors 55 ¥ (lnclndalVATandp&pbu(nobunane!) (0] G B U G
TO-5 can <omp. to H66 p
Héé 4 40362 Type PNP Sll (ranslswrs 55 K
B

S can comp. to Hi

iy S nmarked
Untested Paks

UNMARKED UNTESTED PAKS

N ¢! N 2 5
nver ],nuu,nnn { ;\;zkl:a':‘e;:olzge selection of Reference and Technical
Transistors )

in stock

We hold a very large range of fully marked,

Bt Germanlum Transistors tested and guaranteed transistors, power
50 GISERABAndIRE 55p transistors, diodes and rectifiers at very is still leadmg n value‘ !
R 5 () C ety Digdes 55p competitive prices. Please send for free Full of Short Lead Semiconductors and Electronic
Min. glass type catalogue. Components, approx. 170. YWe guarantee at {east
B83 Transistors, manufacturers " 30 really high quality factory marked Transistors
200 elects, AF. RF, Silicon and 55p Our very popular 4p Transistors PNP & NPN, and a host of Diodes & Rerctlﬁers y
884 [ SVicon Diodes DO7 glas 55p TYPE A i ?n'f,;::in,m, 'Cn::r:t::p‘:;i:dr“t‘;e:lvcel r::rlr:epi:feol:n::;:tr: lac:t:::
= ;:"I; [: OAlboo. OA200 " PNP Germanium AF or R ] Transistors.
. Diodes sub, min, PN Silicon plastic en:apsululon 5 A
100 IN914 and IN916 types 55P G NPN Stlicon simifar ZTX 300 range % Please ask for Pak Pl Ollly 5 p
H34 15 Pawer Transistors, PNP, Germ. 55 “H"" PNP Silicon similar ZTX 500 range %
NPN Silicon TO-3 Can. p %I-V//// R /////

8 revavs ror £1-105 55"

High Speed
Magnetic
Counter

10 3819 N Channel F.E.T.'s plastic
case type

\\\\ OO S
\ Make a rev counter

for your car

The "'TACHO BLOCK". This encapsulated block will turn
any 0-1mA meter Into a lincar and accurate rev. counter

for any car with normal cail ignition system.
OVERSEAS ADD EXTRA FOR POSTAGE
£I Iﬂ 4 digit (gon rsec) v or 4 sace which) 41 x1 In.
p eaCh 33p p.p. § BUY THESE GOODS WITH ACCESS

Bl PHE FAK LTD Deptc_.222-224 WEST ROAD, WESTCLIFF-ON-SEA,ESSEX.

CeReE Ao TELEPHONE : SOUTHEND (0702) 46344,

Please send me the FREE Bi-Pre-Pak Caxalogue

\\

NAME . 2. )

g
|

ADDRESS

\\\\\W

Rii prices fnclulle 10% V.AT.

MINIMUM ORDER 55p. CASH WITH ORDER
PLEASE. Add 11p post and packing per order.

\\\\\\\\\\\\\\\\\\\\\\\\\
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...there are over
8,000 electronic
components
WITHIN A FEW
FEET OF YOU !

That is, assuming you are on the telephone, and
that you don’t keep it at the top of the garden!

If you're not on the phone, the distance is between you and your nearest post box

The first thing you need, to enable you to get all your
components quickly, easily, economically, is a copy of the
240 page Home Radio Components Catalogue. Apart from
listing the vast range of lines we stock, the catalogue contains
details qf our popular Credit Account Service and many other
items of useful information. For example. as there are several
ways of ordering, several ways of paying and several ways of
delivery, the pros and cons of all the methods are clearly set
outin the catalogue.

We have the reputation of providing the best-organised
service ever offered to buyers of electronic components.
Of course, to make good use of this service you need the
catalogue. It costs 55 pence, plus 22p post and packing,
and when you receive your copy you’ll agree it's the best
investment you've made for a long time. Moreover with the
catalogue we give you 10 Vouchers each worth 5 pence
9) against orders, an up-to-date Price List and a Bookmark
g6 ith a useful list of technical abbreviations
_, wit

240 pages
Over 8,000 items
Nearly 2,000 pictures

Send off the coupon today.

It's your first step to solving

your component buying problems
r-----‘---!----I------------1

Only 55p.plus 22p 225G & ﬂ i
POST THIS COUPON "Qeis |

Address
with cheque ofr PO.for 7 7p.

HOME RADIO (Components)LTD.  Regd. No. 912966 London i
Dept.RC, 234-240 London Road, Mitcham CR4 3HD [ ]
-------,---u---_------------ﬂ

720 RADIO & ELECTRONICS CONSTRUCTOR

The price of 77p applies only to catalogues purchased
by customers in the U.K. and to BFP(Q adrrasses.
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R.F. SIGNAL
GENERATOR

This_inexpensive signal generator can
be a useful aid in the alignment of
medium and long wave radio receivers

WHILST THERE IS, PERHAPS, A TREND AGAINST THE USE
of signal generators for the alignment of medium
and long wave radio receivers, many constructors still
prefer to employ such generators instead of relying on
broadcast transmissions. There is little or no advantage
to be gained in using a signal generator for the peaking
of aerial tuned circuits for maximum sensitivity. On the
other hand, an accurately calibrated signal generator
can save a considerable amount of time when the
receiver oscillator circuit is being adjusted to give the
correct frequency coverage.

The signal generator described in this article is
inexpensive and easy to construct, and it consists of a
variable frequency oscillator offering a range of approxi-
mately 1.7MHz to 425kHz, a 100kHz oscillator (not
crystal controlled) and 4 400Hz a.f. modulation oscil-
lator. The variable frequency oscillator covers the
entire medium wave band as well as the popular inter-
mediate frequencies of 455, 465 and 470kHz. The
100kHz source is provided to enable the variable
frequency oscillator to be calibrated. Either of the r.f.
signals can be modulated by the 400Hz tone and this
permits easy identification.

The unit is self-contained in a case measuring 6 by 4
by 2in. and is powered by a 9 volt battery. The current
consumption of each r.f. oscillator is fractionally less
than 1mA, and that of the modulating a.f. oscillator is
approximately 0.7mA. The coils are all commercially
made types.

CIRCUIT DIAGRAMS

The complete circuit diagram of the signal generator
is given in Fig. 1. S1 (a) (b) is the combined on-off and
function switch. In position 1 the supply is disconnected
and the unit is turned off. Position 2 switches in the
100kHz calibrating oscillator incorporating TR2, the
collector supply for which is obtained via half the
secondary of the modulation transformer, T1. Position 3
_c_;zf the switch causes the supply to be similarly connected

2

to the variable frequency oscillator transistor, TR3. 82
is the modulation on-off switch, and it can only connect
the supply to the modulating oscillator when Sl is in
position 2 or position 3.

TRI is the a.f. oscillator transistor, and it is biased by
Rl and R2. R3 is the emitter load resistor, and T1
primary and VR1 make up the collector load. C1 and C2
tune T1 primary to resonate at approximately 400Hz,
and they also offer a capacitive tap into the tuned circuit.
Positive feedback is provided between this tap and TR1
emitter. VR1 allows the purity of the oscillator tone to
be controlled.

The 100kHz oscillator stage employs TR2 in the
grounded base mode. R6 and C4 are decoupling com-
ponents, R7 provides base bias and C5 couples the base
to chassis at radio frequencies. L1 and L3 give positive
feedback between the collector and emitter of TR2 ata
frequency determined by the tuned winding L2. The
parallel capacitors, TCl1 and C7, across L2 complete a
tuned circuit resonant at 100kHz. The 100kHz signal at
TR2 collector is passed to the output socket SK1 via

TR3, in the variable frequency oscillator section, is in
the common emitter mode. Its base is biased by RS,
whilst R4 provides stable oscillation over the tuning
range by reducing the r.f. current in L4. Winding L5 is
tuned by VCIl, and positive feedback from collector to
emitter is given by way of the coupling windings, L4
and L6. C8 is a d.c. blocking capacitor. The output
signal at TR3 collector is passed via C3 to output
socket SK2.

COMPONENTS

A d.p.d.t. slide switch is specified for S2 although it is
only employed as a s.p.s.t. switch in the circuit. The
reason for this is that d.p.d.t. slide switches are much
more readily available than s.p.s.t. types. Similarly, a
standard 4-pole 3-way rotary switch is specified for S1
although only two of the poles are used.

RADIO & ELECTRONICS CONSTRUCTOR
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By A. P. Roberts
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Fig. 1. The circuit diagram of the r.f. signal generator. This produces output frequencies primarily intended for
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COMPONENTS

Resistors
(All fixed valués £ watt 10%)
R1 8.2kQ
R2 2.7kQ
R3 12kQ
R4 2.7kQ
RS 680kQ2
R6 4.7kQ
R7 560kQ2
VR1 50k sub-miniature skeleton
horizontal mounting
Capacitors
1 0.033uF polyester (see text)
C2 0.033uF polyester (see text)
C3 0.002pF polystyrene
C4 0.022uF polyester
CS 0.005uF polystyrene
Cé6 2pF silvered mica
C7 680pF polystyrene or silvered mica
C8 0.001pF polystyrene
VCl1 410pF variable, air-spaced, Type 00
(Jackson Bros.)
TC1 10-40pF trimmer, ceramic (see text)
Inductors

L1, L2, L3 Miniature Dual-Purpose Coil,
Transistor Usage Range 1T Blue
(Denco)

L4, L5, L6 Miniature Dual-Purpose Coil,
Transistor Usage, Range 2T Blue

(Denco)

Tl OCS81 driver transformer (see text)
Transistors

TR1 BC148

TR2 2N3704

TR3 2N3711
Switches

S1(a)(b) 4-pole 3-way miniature rotary

S2 d.p.d.t. slide switch
Battery

9-volt battery type PP3 (Ever Ready)
Miscellaneous

Battery connector

2 B9A valveholders

2 coaxial sockets

Plain perforated s.r.b.p. board, 0.1in. matrix
2knobs

Aluminium chassis, 6 X 4 x 2in. with base plate
(see text)

4 rubber feet

Panel Signs Sets Nos. 4 and 5 (see text)

‘Tl is an a.f. driver transformer for an OC81D driving
two OC81’s in a Class B push-pull output stage. Only
half the secondary is employed. The exact make of.
transformer used is not important and the author
checked circuit operation with several different types,:
all of which worked satisfactorily. Should it happen that
a particular transformer causes the frequency of oscil-
lation to be considerably removed from 400Hz, the

724

effect of using values of capacitdnce other than 0.033uVF
in the C1 and C2 positions could be tried, both of the
new capacitances having the same value. Working from
the writer’s experience, however, it is doubtful whether
such a change in capacitance values would be needed.
Capacitor VC1 is a 410pF single gang air-spaced
component, and is available from Henry’s Radio Ltd.
TC1 is a small ceramic trimmer. That used by the author
had a nominal capacitance range of 10 to 40pF. If
difficulty is experienced in obtaining a ceramic trimmer
with this value, a suitable alternative is the 10 to 60pF
(c::ezamic trimmer listed by Henry’s Radio Ltd. as Type

THE CASE

The case is a 6 by 4 by 2in. 16 s.w.g. aluminium
chassis with base plate. The chassis deck is used as the
front panel of the signal generator and one of its long
sides becomes the bottom, as may be seen from the
photographs. The particu.ar chassis employed does not
have corner pieces to which the base plate can be
screwed; instead the long sides of the base plate have
flanges which fit inside the chassis. The author obtained
his chassis and base plate from H. L. Smith & Co. Ltd.,
287 Edgware Road, London, W.2. The base plate can be
secured to the chassis by self-tapping screws passing
into the flanges, but the author did not find this
necessary with the prototype and the base plate was
simply held in position as a push fit. Four rubber feet
are fitted to the chassis long side which is now the
bottom of the case. Those at the end where VCI1 will be
later mounted should be positioned such that a PP3
battery can stand between their mounting nuts and the
adjacent short side of the chassis. One of the photo-
graphs of the interior of the generator shows what is
required here. The rubber feet should have a size which
causes the bottom of the case to be at least 2in. above
the surface on which the unit is placed. This gives
clearance for the projection below the case bottom of the
threaded sections of the two r.f. oscillator coils. A final
point concerning the rubber feet is that those at the
back should be positioned such that their mounting
nuts do not foul the lower flange on the chassis base
plate.

Fig. 2 shows details of the drilling of the front panel.
The positions of the three small mounting holes for
VCI1 can be found by making a paper or cardboard
template with the aid of the capacitor itself and using
this to mark out the holes. The rectangular cut-out for
S2 is made by drilling a hole of about %in. diameter, and
then filing this out to a rectangle of the required size
with a small flat file. Normally, the holes for the
mounting screws of this type of switch are 6BA clear.

SK1 and SK2 are both surface mounting coaxial
sockets, and each requires two iin. 6BA mounting bolts
with nuts. VC1 requires three short 4BA mounting bolts,
these passing into the three tapped holes on the front
plate of the capacitor. These bolts need to be short
because their ends must not pass beyond the inside
surface of the capacitor front plate, where they could
damage the fixed or moving vanes.

A Denco Blue Range 2T coil provides L4, L5 and L6,
and this is mounted to the case bottom with its centre
Zin. from the rear edge of the case and centrally dis-
posed along the 6in. dimension of the case. The Range
1T coil which provides L1, L2 and L3 is mounted to the
right of the Range 2T coil, as seen viewing the case from
the rear. The centre of this coil is also §in. from the rear

RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 2. Drilling details for the front panel of the
signal generator

edge of the case.

The coils have a OBA threaded section and are
supplied complete with plastic mounting nuts. These
nuts must be fastened ‘finger tight’ only. Some 0BA
washers are placed over the threaded section on the
Range 1T coil so as to raise it about Lin. off the inside
bottom surface of the case. It was found necessary to do
this as, otherwise, absorption effects prevented the
circuit from oscillating.

MODULATION OSCILLATOR

Constructional details of the a.f. modulation oscil-
lator are given in Fig. 3. The parts are assembled on a
plain perforated s.r.b.p. (‘Paxolin’) board having a hole
matrix of 0.1in.

Construction commences by cutting the board, which
has 27 by 16 holes, from a larger board. The two 6BA
clear mounting holes are then drilled out, after which
the components are mounted and wired up. TR1 has
special lead-outs which can be clipped into the holes in
the board. It may not be necessary to mount T1 in

. +
Insulated—=1 , =

TR
| | R
R3 M 2

o
00000000

[

Solder tag

Fig. 3. The a.f. modulation osciflator components
are wired up on a plain perforated board
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The coils are fitted to the bottom of the case with
the core stems projecting outwards for a short
distance

exactly the position shown with some makes of trans-
former, but the layout of its lead-outs is always in the
same configuration. If it has no mounting lugs the
transformer can be glued to the board.

The wiring under the board is shown in broken line
in Fig. 3. In most cases the component lead-outs should
themselves be long enough to meet their connection
points. It should be noted that one of the wires below
the board is insulated with sleeving. Finally, connect the
lead to the solder tag, which is held under one of the
mounting nuts for the panel, and connect four insulated
leads about 4in. long at the appropriate points for later
connection to S1 and S2.

The s.r.b.p. panel is mounted at the top of the case
above VCI and must be placed well forward. The top
edge in Fig. 3 is towards the front of the case. The panel
may be used as a template to mark out the two 6BA-
clear mounting holes required in the case top. The panel
is mounted with 6BA bolts and nuts, with 4in. spacing
washers between the cas€ top and the panel. The two
connections to S2 are then made.

The components fit comfortably into the case
without crowding
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Fig. 4. The wiring of the two r.f. oscillators

R.F. OSCILLATORS

Wiring details for the two r.f. oscillators are shown
in Fig. 4. Soldered connections are not made direct to
the coil pins, but to two B9A valveholders which are
fitted over these pins. The valveholders are held just
outside the case whilst being wired up, and they are thens
pressed on to the coil pins when wiring is complete. It
would be very difficult to carry out the wiring whilst
the valveholders are in their final positions on top of the
coils. The variable frequency oscillator obtains its
chassis connection from the metal frame tag of VCI.
There is a space for the battery at the side of VCI, as
shown in the photographs of the case interior.

In Fig. 4, valveholder tags to which there are no coil
connections are used as anchor tags. Similarly, the
outside contact tag of S1 (b) which is selected when this
switch is set to ‘off’ is used as an anchor tag for R6.
Before wiring to the switch, confirm the three outside
tags corresponding to each of the centre tags. Their
relative positioning may differ from that shown in the
diagram. Coil L1, L2, L3 is oriented such that TCI can
be adjusted from the case rear.

The author employed Strip-Fix Plastic Panel Signs
(available from the publishers of Radio and Electronics
Constructor) to provide legends at the controls and to
give a scale for VCI. The wording used was ‘OFF’,
‘CAL’ and ‘VFO’ at S1, ‘MOD’ and ‘OFF’ at S2,
‘100kHz’ at SK1, ‘VFO’ at SK2 and ‘TUNE’ at VCI.
These legends were taken from Panel Signs Set No. 4.
The scale for VCi was taken from Panels Signs Set
No. 5, and the legend ‘MHz’ (also from Panel Signs Set
No. 4) was positioned at its two ends. A pointer is
added to the control knob for VCI. This can be a piece
of stiff wire glued to the underside of the knob.

CALIBRATION AND USE

Set up the cores of the two coils so that about } to
Jsin. of the metal threaded stem protrudes from the
plastic. Secure the threaded stem of the Range 2T coil
by lightly locking it with a 6BA nut.

726

Connect a short length of wire to the centre connector
of the 100kHz output socket and place this lead near a
superhet broadcast receiver tuned to Radio 2 on the
long wave band. Turn the signal generator on, selecting
the 100kHz oscillation without modulation, and a
whistle should be heard from the receiver. Adjustment
of TCI1 and the core of the Range 1T coil should enable
the frequency of the whistle to be lowered. The trimmer
and core are adjusted so that the whistle is so low in
frequency that it cannot be heard. The radio is now
receiving the second harmonic of the oscillator at
200kHz, and it is possible, with careful adjustment, to
bring this harmonic to within a few Hz of the Radio 2
frequency. The oscillator fundamental will then be
accurately set to 100kHz. The core of the coil may be
secured in position by passing a 6BA nut over its
threaded stem and lightly locking this against the
threaded plastic section. The adjustments to TCl and
the coil core should be such that only a small portion of
the brass stem is protruding.

If the receiver is now switched to medium waves, it
should be found that harmonics from the signal
generator are received at 100kHz intervals. Switching
on the 400Hz modulation will help to identify these
harmonics. VR can be set up at this stage. The receiver
should be tuned to one of the harmonics with the
modulation switched on, whereupon VR1 is then set up
for purest tone. The note will probably sound distorted
at extreme settings of VR, but towards the centre of
its travel a point should be found where a pure sounding
note of good amplitude is obtained.

Switch in the variable frequency oscillator by means
of S1, and connect a short length of wire to the centre
connector of SK2. Position this wire near the receiver,
with the latter switched to medium waves. Then rotate

the knob of VCI. The output of the signal generator

will probably be received at two or more settings of
VC]. One of these settings will be with the vanes of VCI
almost fully enmeshed, and the output of the signal
generator will then be at the intermediate frequency of
the receiver. This point can be proved by varying the
receiver tuning, whereupon it should be found that-the
signal is not tuned out. With VC1 at around this setting,
the unit can be used as an i.f. alignment generator. The
point may be marked temporarily on the scale of VCI.

" If, subsequently, the signal generator is to be used
for the i.f. alignment of a newly constructed superhet,
the output from the variable frequency oscillator may
be loosely coupled to the receiver if. input stage and

Another view inside the case. The a.t. modulation
oscillator board can be seen below the top panel
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VCI1 adjusted for maximum output. The i.f. trans-
formers are then peaked up at this frequency. Since
most i.f. transformers on the home-constructor market
are supplied pre-aligned at the factory as part of the test
procedure, the process just described will produce an
intermediate frequency in the receiver which is either at,
or very close to, the nominal figure.

The same method can be used with 1.6MHz i.f,
transformers, since this frequency is also within the
range of the variable frequency oscillator.

If the receiver tuning dial has a reasonable accuracy,
it should be possible to locate the 10th harmonic of the
calibration oscillator at the point marked 1MHz, or
300 metres. The receiver should be tuned to the
harmonic as accurately as possible. The v.f.0. is then
switched on and VCI adjusted for an output from the
receiver. This should be given with VC1 vanes about one
third to one half enmeshed, and the scale of the
generator can be marked for 1 MHz at this point.

If the signal generator is coupled too tightly to the
receiver it iIs possible that the latter will give an output
at a number of settings of VCI. This is due to such
effects as a harmonic of the variable frequency oscillator
beating with a harmonic of the receiver oscillator.
Reception due to oscillator harmonics may be cleared by
reducing the coupling to the receiver whereupon the
correct signal, corresponding to fundamentals in both
the signal generator and receiver oscillators, may be
more readily identified.

Having established the IMHz point on the scale of
VCI, switch on the calibration oscillator and carefully
retune the receiver to its 9th harmonic at 900kHz.
Switch back to the variable frequency oscillator and
* tune this lower in frequency (VCI capacitance increas-
ing) until its signal is picked up by the receiver. The
900kHz point may now be marked on the signal gener-
ator scale.

This process is repeated above and below 1MHz,
until a generator scale is obtained which is marked off
at 100kHz intervals from 500 or 600kHz up to 1.6 or
1.7MHz. It should be found that the required range is
given with the core of the Range 2T coil in its initial
position, locked with the 6BA nut. If it is found neces-
sary to adjust the core, possibly say to extend the low
frequency end of the variable frequency oscillator
range, the core may be adjusted accordingly and the
lock nut refitted.

The calibration oscillator can be used for calibrating
the lower frequency ranges of short wave receivers.
Harmonics are available up to several MHz, the upper
limit depending largely upon the sensitivity of the
receiver being calibrated.

The calibration oscillater should be set up against
Radio 2 on 200kHz, as described earlier, each time
before use. It should be coupled loosely only to the
receiver, so as to prevent loading effects on the oscillator
output pulling it off frequency. Fitting the metal back
to the case causes only slight detuning of the coils. For
most accurate results with the calibration oscillator, a
small hole may be drilled in the back of the case to
allow access to TC1 when the back is in position.

As a final point, it should be mentioned that both the
range 1T and 2T coils are normally employed as aerial
input coils and not as oscillator coils, whereupon there
is a very slight risk that incorrect phasing for feedback
may be given by a particular coil. Should either coil
fail to oscillate for no observable reason, the_ effect of
temporarily transposing the connections to its pins 8
and 9 should be tried. [ ]
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NEWS

AND .

PASSIVE PROBE KITS

The series of passive probe Kits
recently introduced by Precision Elec-
tronic Terminations (EM1) Limited, of
Sevenoaks, Kent, has now been
adopted as standard accessories for the
range of oscilloscopes by Scopex
Instruments Limited, of Letchworth,
Herts. Sold as an optional extra or as a
complete package, the scope/probe
combination affords electronics en-
gineers a ready-to-use precision
measuring instrument.

Recently. the Training Services Agency
“Skilleentres”, run by the Manpower Ser-
vices Commuission. placed an order for 150
units complete with P.ET. pussive probe
Kits.

The sprung hook tip of the P.E.T.
probe enables easy attachment to the
tiny contacts of transistors and i.c’s.
This coupled with its light weight and
extremely flexible cable makes it
eminently suitable for today’s minia-
turised circuitry.

SECOND QUEEN’S AWARD FOR BBC

The BBC has received the Queen’s Award to Industry for the second time
in five years. The award is for technological innovation in the transmission
of sound and vision signals over a single vision link and relates to an
original development by engineers of the Corporation’s Research and
Designs Departments.

Until recently, the sound and vision signals from the television studios
were carried separately to the transmitting stations. The newly developed
technique makes it possible to add the sound to the picture signal so that
only one combined signal need be distributed to transmitters.

The pulses which carry the sound signals in coded form are ‘tucked into’
the vision signal during the brief moments that are aliowed for synchronis-
ing the receiver with the transmitter.

The synchronising periods cannot be used to carry picture detail but
they do provide ‘free’ time for the transmission of the sound pulses; it is
from this that the name of the new development — Sound-in-Syncs — is
derived.

The sound signals are recovered at the transmitting station and then
broadcast in the usual way. One advantage to the viewer is that the
television sound quality is generally improved. No modifications to
domestic receivers are necessary; indeed, viewers all over the country have
for some time been getting their television sound by this means.

For transmissions such as Eurovision, where many switching operations
are required, Sound-in-Syncs is particutarly valuable because it eliminates
the need to establish separate sound circuits. Once the vision link has been
established the appropriate sound simply rides with the picture to its
destination.

Experiments are in progress to establish the usefulness of Sound-in-Syncs
over satellite links and the Post Office is considering its use for the Con-
fravision service which uses television to link meetings or conferences.
The BBC has also developed a more robust version for outside broadcast
use where the problems of improvised circuits impose greater difficulties.

The licensing agreement negotiated with Pye TVT Limited, Cambridge,
has led to the commercial manufacture and sale of Sound-in-Syncs
equipment.

TELEFUNKEN RADIO WITH

CASSETTE RECORDER

Telefunken introduced a new radio with cassette
recorder at the Radio Show recently held at the

Kensington Palace Hotel.

The radio/cassette recorder, which is illustrated here,
has 4 wavebands, FM, MW, LW (19-49m band). FM
fine tuner (AFC). Mains or battery operation, with
electronic switch-over. Long-life system, i.e. batteries
fitted are regenerated during mains operation.

Cassette tape speed: 17 i.p.s. A microphone is
included, with a special mounting to attach it to the

recorder.

Dimensions (W/H/D) 124 x 7 x 3 ins.
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OPENING OF HENRY’S HI-FI CENTRE AT HARROW

Peter Sellers ably assisted by the Wombles of Wimble-
don was the star attraction at the Gala opening of
Henry’s Hi-Fi Centre at Harrow recently.

Thousands of local people turned up to see the
festivities and in particular Peter Sellers — whose new
film The Optimists of Nine Elms was premiered only two
days before and the Wombles whose seond single
disc ‘Remember You’re a Womble’ is in the top five of
the charts. They were not disappointed as Sellers
lapsed into inspired ‘zoonery’ for a radio interview
with Douglas Cameron of London Broadcasting and
the Wombles set about encouraging the audience to
tidy up the streets of Harrow just as they themselves do
to Wimbledon Common.

After he had cut the ceremonial tape to officially
declare the Hi-Fi Centre open Peter Sellers then drew
the winning entries for the Henry’s Hi-Fi Contest in
which £300 of Hanimex stereo/audio equipment was
given in prizes.

The contest was run in conjunction with London
Broadcasting who gave live coverage to the opening.

Delighted at the crowds who turned up for the
opening Henry’s Retail Director, David French
remarked “You can’t beat the old-time showmanship
when it comes to attracting the crowds. At times it was
reminiscent of Beatlemania outside the store.’

He had good reason to be pleased. The new Centre The Hi-Fi Centre at Harrow is the first in a series of
opened to bumper business and after the stars had left suburban developments by the Henry’s radio group -
the people of Harrow got down to the serious business which has hitherto had a concentration of shops in
ofiinspecting the vast range of hi-fi equipment on display. Central London.

ROYAL TELEVISION SOCIETY AWARDS 1974

The Society’s Gold Medal for outstanding contributions to television has
been awarded to Dr. Walter Bruch who is Chief of the Basic Television
Research Department of A E G Telefunken, a post he has held since 1959,
He invented the PAL system of colour television.

Dr. Jacob Bronowski receives the Society’s Silver Medal for outstanding
creative achievement in television in front of the camera. Dr. Bronowski
wrote and presented the outstanding BBC series “The Ascent of Man’.

Peter Willes, Yorkshire Television’s Head of Drama, receives the Society’s
Silver Medal for outstanding creative achievement in television behind the
camera. Mr. Willes began his television career with Associated Rediffusion
in 19585.

I. J. Shelley and N. W. White receive the Geoffrey Parr Award in
recognition of a notable contribution to television engineering. The Award
is made for their work on the design and development of automatic monitoring
and control equipment for unattended transmitters.

The John Logié Baird Travelling Scholarship is open to postgraduates
between 21 and 30 years of age who are students at a United Kingdom
educational establishment. The 1974 Scholar is Peter J. Best of the University “| think I'm getting something from
of Manchester Institute of Science and Technology. ' ‘ Outer Space!”
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MULTIVIBRATOR
CAPACITANCE BRIDGE

By G. A. French

This month’s article in the ‘Suggested
Circuit’ series describes an unusual
capacitance bridge capable of measur-
ing capacitances from below 10pF to
greater than 1,000pF. Although this
range may at first sight seem limited it
should be remembered that it includes a
high proportion of the capacitances that
are, in normal radio work, most likely
to be unknown. These include variable
capacitors, which dre rarely marked
with their values, and the smaller
silvered mica and ceramic components
having printed capacitance values on
their bodies. These printed values are.
frequently erased or obliterated due to

handling.

extreme simplicity of design.

BASIC BRIDGE

HE OPERATION OF THE CAPACITANCE
bridge can be explained with the
aid of the basic diagram shown in Fig,
1. Here, TR1 and TR2 are two
transistors in a conventional multi-
vibrator, and component values in the

multivibrator are such that each
. Vee -
Ca Cp i
TR,
High TR
resistance
headphones
+

Fig. 1. In this diagram TR1
and TR2 are transistors in a
50:50 multivibrator. A null is
given in the headphones
when the two capacitors have
equal values
730

The capacitance bridge has the
considerable advantages of low cost and

transistor is turned on for exactly half
the multivibrator cycle. Thus, the
waveforms at the collectors of the two
transistors are similar in amplitude and
shape but opposite in polarity. TR2 is
turned on when TR1 is turned off; and
vice versa.

The multivibrator runs at a con-
venient frequency in the audible range,
and coupled across the collectors are
the two capacitors CA and CB. A pair
of high resistance headphones connects
between the junction of the two
capacitors and chassis. It will be
apparent from a first consideration of
the circuit that if CA and CB have the
same value then the a.f. voltage at their
junction relative to chassis should be
zero, because positive excursions at one
transistor collector will be balanced
out by negative excursions at the other.
If, in consequence, the value of CA is
not known, and if CB is made a
variable capacitor fitted with a scale
calibrated in terms of its own capacit-
ance, CB can be adjusted until there is
a null in the audio signal applied to the
headphones. The value of CA may
then be read from the scale fitted to
CB, and the circuit performs as a
capacifance bridge.

In practice, the signal reproduced by
the headphones does not fall to a zero
null when CA and CB are equal in
value. This is because the collector of
a multivibrator transistor does not rise
at once to Vecc potential jwhen the
transistor turns off; instead it rises to
Vcc potential at a rate governed by the
charging of the cross-coupling capaci-
tor connected to the base of the other
transistor. On the other hand, the
collector of a transistor which is just
turning on in the multivibrator cycle is
brought almost immediately to its low
level state. As a result, the two
collector waveforms do not exactly
balance each other out for a short
period after the multivibrator change-
over, whereupon a small signal content
at. multivibrator frequency is still
passed to the headphones in Fig. 1
when CA and CB are equal. More
efficient cancellation would be given if
TR1 and TR2 controlled two further
transistors, and the signals for CA and
CB were taken from the collectors of
these .second transistors. However,
such an addition would complicate
what sets out to be a very simple
design. Also, since the null given when
CA and CB couple to the two multi-
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vibrator transistor collectors is quite
distinctive, it was felt that a working
bridge would be satisfactory if it
followed the basic design inherent in
Fig. 1.

It will be seen, from Fig. 1, that
stray capacitance between the head-
phone leads cannot upset circuit
balance when CA and CB are equal.
Also, one of the headphone terminals
1S at chassis potential, with the result
that the positioning of the headphone
lead and its consequent changing
capacitance to earth cannot have any
effect on circuit operation. Neither
terminals of CA or CB are at chassis
potential which means that, should CB
be a variable capacitor, its metal frame-
work must be insulated from chassis.
If, however, the collector load resistor
for TR2 is given a relatively small
value, TR2 collector has a low a.f.
impedance to chassis and the metal
framework of the variable capacitor
may then be connected to this point.
It need only be fitted with a plastic
control knob, and no difficulties due to
hand-capacitance will arise as this
knob is adjusted.

PRACTICAL CIRCUIT

A practical working circuit is given
in Fig. 2 where the two transistors,
TR1 and TR2, appear in a conven-
tional multivibrator. This runs at a

frequency of approximately 1kHz.
R4 has the relatively low value of 1kQ
in order to maintain a low impedance
to chassis for the variable capacitance
in the bridge, as has just been explained.
R1 has the same value as R4 to
maintain symmetry. The period in the
multivibrator cycle during which TRI1
is cut off is controlled by the values of
Cl and R2. The length of the period
when TR2 is off is controlled by C2
and the series combination of R3 and
VRI1. The latter is a small skeleton pre-
set potentiometer, and it is adjusted
for equal periods of conduction in
TRI and TR2. The adjustment is
achieved in the manner shown in
Fig. 3. Here, a testmeter switched to a
low voltage range is coupled to the
collectors of TR1 and TR2 by way of
two 4.7kQ resistors positioned near the
collectors. These resistors ensure that
multivibrator operation is not affected
by the testmeter and its leads. VRI1 is
then adjusted for a zero voltage
reading in the testmeter, after which
the meter and the two 4.7k resistors
are removed.

Adjusting VR for zero voltage in
the testmeter of Fig. 3 ensures that
TR1 and TR2 both have the same
average voltage at their collectors, and
this in turn indicates that both tran-
sistors are turned on for equal periods
in the multivibrator cycle. If very
accurate results are required, R1 and

S
On-Off
VR|
10kn
R ER SPa
Tka T I5ka J T Ikn
Ry o C3
10kn T o 20pF
) ) 12V wkg
h =
W =
ov !
.
] C2
TR, 0-047 0047 TR,
ACY18 HF bE ACY18
.
25kn 71'
lo
V2 ¢ % VC|VC3 see text
Rg ' | Ry-Rs Yawatt 5%
390n
Cx So 1
41—+

\ Range l2 VG :
/
Test terminals

e b
ACYI8
Lead-outs

Fig. 2. The practical working circuit for the multivibrator capacitance
bridge. VR1 is adjusted for 50:50 operation
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Testmeter

AAAAA

=R,
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4:7kn

Jlg TR TR,

Fig. 3. A testmeter coupled
across the two collectors via
isolating resistors gives a
zero voltage reading when
VR1 is correctly set up

R4 can be resistors having a tolerance
of 1% or 2%,. However since, for most
of the cycle, the transistor collectors
are either at Vcc potential or are just
above chassis potential, an adequate
performance will be given with Rl
and R4 at 5%. The cross-coupling
capacitors, Cl and C2, can be normal
polyester components or similar, and
do not need a close tolerance on value.
TRI1 and TR2 are germanium rather
than silicon transistors as, in general,
silicon transistors have reverse base-
emitter voltage ratings which are too
low to allow them to be used in the
present simple multivibrator circuit.
Capacitor C3 is the usual supply by-
pass component.

The signals at the two collectors are
applied to the test terminals, and thence
to the unknown capacitor, and to the
variable capacitance. Appearing be-
tween their junction and chassis are
the headphones, as in Fig. 1. These
may be standard 4,000Q headphones.
Connected across the phones are VR2
and R5. VR2 is employed to set the
volume in the phones to a level which
enables the null to be most clearly
perceived. Normally, VR2 is adjusted
to insert maximum resistance into
circuit when measuring low values of
capacitance, and to insert minimum
resistance when measuring high values,
which allow a greater signal strength
to be passed to the phones. VR2 is
wired so that the resistance it inserts
into circuit increases as its spindle is
turned clockwise.

No values are specified for VC1 and
VC2 as it is probable that constructors
will wish to employ components that
are already on hand. The author used
4 3-gang 500pF capacitor for VC2, the
three sets of its fixed vanes being con-
nected together to give an overall
1,500pF capacitor. This enabled capa-
citances up to some 1200pF to be
measured. However, the minimum
capacitance offered by this arrange-
ment was of the order of 25pF and
s0 VC2 could not be used to measure
test capacitances below about 35pF.
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These capacitances were measured
with the aid of VC1 which, in the
author’s case, was a S5OpF Jackson
Brothers type C804 variable capacitor.
A 50pF C804 capacitor has a minimum
value of 3.8pF, and it was found
possible to just resolve 2 null when the
test capacitance was SpF. Readers
making up the circuit may use variable
capacitors of similar values, remember-
ing that the highest value of test
capacitance that can be measured is a
little lower than the maximum variable
capacitance and that the minimum
value of test capacitance is a little
higher than the minimum variable
capacitance.

VCI1 or VC2 are selected by means
of the range switch S2. This switch
should be a type having relatively low
stray capacitance between its contacts,
and a toggle switch would be
satisfactory. .

Both VC! and VC2 are fitted with
plastic knobs, pointers and scales.
These, together with the test terminals,
S1, S2, VR2 and a jack socket for
the headphones may be conveniently
mounted on a front panel made of an
insulating material. The wiring to the
test terminals and to VC1 and VC2
should be spaced out to keep stray
capacitances low. The moving vanes
of the two variable capacitors con-
nect to TR2 collector, and the fixed
vanes to S2.

THE NULL

As was stated earlier, the null given
when the variable capacitance is equal
in value to the test capacitance does
not consist of a signal at zero audio
level. There is a noticeable reduction
in signal level as the null point is
approached and also a change in the
character of the tone reproduced by
the headphones. For settings in the
variable capacitance well removed
from the null position the tone in the
headphones is roughly similar to a
sine wave at lkHz. However, the
‘rounded’ character of a sine wave
note disappears at the null point
leaving only a more ‘reedy’ tone which
gives the subjective impression of
being slightly higher in pitch. The
change in the nature of the tone is
readily perceptible and will be easily
recognised after experience has been
obtained with several test capacitors.

Initially, the variable capacitor
selected by S2 may be adjusted with
VR2 inserting maximum resistance
nto circuit. Reducing the resistance
given by VR2 to a level which causes
the tone in the headphones to take
up a low level will then allow more
precise final location of the null.

Both VC1 and VC2 are calibrated
by measuring known values of capaci-
tance. After a number of calibration
points have been marked out, graphs
may be drawn for the two capacitors
and final scales made up including
intermediate values.

As a final point, the current con-
sumption from the 9 volt battery is
approximately 9.5mA. |
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0.C. VOLTAGE
MULTIPLIER

By C. S. Thomas

An unusual means of increasing

a d.c. supply voltage

ITH THE CONTINUALLY INCREASING COST OF DRY
batteries it is tempting, when using transistor
radios and similar equipment in a car, to operate these
from the car battery. Usually, some simple form of
regulating and smoothing arrangement is required,
and this can be readily provided in cars having a 12 volt
battery. Since much transistor equipment operates with
a 9 volt supply, the excess voltage from the car battery
can then be conveniently lost in the regulating and
smoothing circuit.

Such is not the case with cars having a 6 volt battery.
The circuit described in this short article offers a means
of increasing the voltage available from a 6 volt
battery and, with certain limitations, it can be used for
the supply of transistor equipment. Output voltage
regulation is only fair, and the unit is mainly suitable
for supplying currents up to some 50mA or so. The
circuit draws a current of around 0.7 amp at all output
currents and, in consequence, has a low efficiency.
However, it is felt that a current of 0.7 amp from a
car battery is negligibly low when compared with the
considerably higher currents drawn by the car circuits
themselves.

CIRCUIT OPERATION

The circuit of the voltage multiplier appears in Fig. 1.
TR1 and TR2 are two small power transistors appearing
in a multivibrator which runs at a frequency of
approximately 150Hz. The collector load resistors,
R1 and R4, have the unusually low value of 10Q2. Since
either TR1 or TR2 is turned on during the multi-
vibrator cycle, there is always-a voltage slightly less
than the input voltage across either R1 or R4. At a
nominal input voltage of 6 volts the current flow in
R1 and R4 is 0.6 amp. Thus there is a continual current
drain on the input supply at least equal to this figure.
However, battery voltage will be higher than its nominal
value when the battery charges and so a continual
input current drain of the order of 0.7 amp can be
assumed in practice.

During the multivibrator half-cycle when TR1 is
off, its collector goes negative towards the lower supply
rail. A charging current then flows through R1 to Cl,
whose positive plate cannot fall more than about
0.6 volt lower than the upper supply rail because of
the presence of silicon diode D1. Thus, C1 charges
from the 6 volt supply via R1. In the next multi-
vibrator half-cycle TR1 becomes conductive, where-
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Fig. 1. The circuit of the voltage multiplying unit

COMPONENTS

Resistors
R1 10Q 5 watt wire-wound 5%
R2  560Q 1 watt 109,
R3  560Q % watt 109,
R4 10Q 5 watt wire-wound 5%,

Capacitors
Ci 2,000uF electrolytic, 10 V. Wkg.
C2 8uF electrolytic, 10 V. Wkg.
C3 1,000uF electrolytic, 10 V. Wkg.
C4 8uF electrolytic, 10 V. Wkg.
Cs 2,000pF electrolytic, 10 V. Wkg.

Semiconductors
TR1 ADI162
TR2 AD162
D1-D4 1N4002

Switch
S1 s.p.s.t. toggle

upon the negative plate of C1 is taken up to a potential
Just below that on the upper supply rail. Diode D1 is

" now reverse biased, and CI loses some of its charge
via D2 into reservoir capacitor C3.

A similar process occurs with TR2 and CS on the
other half-cycles. When TR2 is turned off, C5 charges
from the 6 volt supply via R4 and D4. When TR2
becomes conductive, C5 discharges via D3 into
reservoir capacitor C3.

To sum up, on one set of alternate half-cycles C1 is
charging and CS is discharging into C3, whilst on the
other set of alternate half-cycles it is CS that is charging
and C1 which is discharging into C3. When no output
current is drawn from the circuit the output voltage is
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double the input voltage less the voltage drop in two
forward biased silicon diodes and the saturation
voltage across either TR1 or TR2.

REGULATION RESISTANCE

The simplicity of the circuit imposes two restrictions
on performance. There is, firstly, the low efficiency
which has already been mentioned. Secondly, even if
there were no losses elsewhere in the circuit the
regulation resistance of the output can never be less
than 10Q. This is because there is a 10Q series resistor
in each capacitor charging circuit.

In practice, the regulation resistance is more of the
order of 20Q. With an input at the nominal value of
6 volts, the output voltage off-load is 10.6 volts, this
dropping to 9.7 volts at a load current of 50mA.
When the input voltage is 6.6 volts, which is more in
keeping with what would be given by a charged
battery, the output voltage is 11.8 volts, dropping to
11 volts at 50mA output.

Power transistors are specified for TR1 and TR2
because transistors of this type are more capable of
withstanding current surges as the capacitors charge.
The two transistors dissipate little heat and do not
need to be mounted on heat sinks. The circuit tends
to radiate a certain amount of ‘hash’ at radio fre-
quencies, whereupon all the components should be
screened by being fitted in a metal box having input
and output sockets. If the car has a negative earth the
box is connected to the negative input terminal. Should
the car have a positive earth, on-off switch S1 is trans-
ferred to the negative input and the box is made com-
mon with the positive input terminal

+
lkn =2
V4 watt =
AD 61
Unstabllized
input - SIS +
Zener —4= 9-|V £ S volt
QO
diode 250mW 152V }:(F stabilized
T VX9 output
- o —

C

e
/_\
ADI6|
[ o
/'o Lead-outs

b’

Fig. 2. A voltage stabilizing circuit which can be
connected to the output of the voltage multiplier

There will be a level of *hash® also on the output
terminals, but this may be removed by a subsequent
stabilizing circuit. A typical example of a suitable
stabilizing circuit is given in Fig. 2. As with the
ADI162’s in Fig. I, the ADI61 in Fig. 2 does not need
a heat sink at the currents envisaged here. If the
supplied equipment has exposed metalwork which is
common to one of its supply rails, care should be
taken to prevent this coming in contact with the car
body in case any supply short-circuits result. [ |
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SIMPLE WIPER

Employing a unijunction timer, this circuit provides complete

double sweeps of a car windscreen wiper, the delay between

sweeps being continuously variable from 0.5 second to 1.5 minutes.

It may only be used with windscreen wiper motors having field
coils and self-parking switches

This article gives constructional details af a very sim-
ple circuit which can be used to make the windscreen
wipers of a vehicle execute complete double sweeps with
selected delays between sweeps. Although it is suitable
only for 12 volit cars having self-parking wipers which
are driven by a motor with field coils, it is a very simple
circuit which requires no relay or other moving parts.

The author’s prototype unit is instalied in a Morris:

Minor 1000, which has a 12 volt electrical system with
positive earth.

The prototype delay unit. The potentiometer and

on-off switch are mounted on the steering

column, whilst the remainder of the components

are fitted to the perforated board. TR1 and C1
can be seen in this view
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SLIGHT RAIN, FOG OR MIST

When one is driving in slight rain, fog or mist or
whenever there is a small amount of water forming on
the windscreen, one has to employ the wipers from time
to time in order to see clearly. On the other hand, if one
leaves the wipers operating continuously, the blades
soon begin to scrape on the windscreen, since the
amount of water is inadequate to provide the required
lubrication between the rubber and the glass. One must
therefore keep switching the wipers on and off every
few moments.

A circuit which automatically causes the wipers to
make complete double sweeps at pre-set intervals
(without ever leaving them stationary in the middle of
the windscreen) can make driving much more pleasant
in conditions of slight rain, fog or mist. Indeed, the
writer uses the delayed operation much more frequently
than the normal continuous wiper movement; the latter
has been designed to cope with the heaviest rain one is
likely to meet. Even in moderate rain one can use a

‘short delay between sweeps of the blades without

visibility being impaired and this reduces the frequency
with which the blades pass in front of one’s eyes.

The action of the normal wiper switch of the car is
completely unaffected by the addition of the circuit to
be described. Closing this switch will provide the normal
undelayed wiper action for use in heavy rain, snow or
sleet.

The component values used in the prototypes were
chosen so that any delay between about 0.5 second and
1.5 minutes could be selected to suit the prevailing
weather conditions. However, longer delays can easily
be obtained by changing the component values, if
desired. This is not necessary for normal use.

UNIJUNCTION AND THYRISTOR

The circuit to be described employs a unijunction
transistor timing circuit to fire a thyristor (or silicon
controlled rectifier). Although it is not necessary to
understand the theory of operation in order to construct
the delay unit, some details of the working principles
will be given since many readers will be more satisfied if
they understand the operation of the circuit.

RADIO & ELECTRONICS CONSTRUCTOR



DELAY

CIRCUIT 7

By J. B. Dance, M.Sc.

POSITIVE EARTH CIRCUIT

The circuit, used by the author in a car which has the
positive terminal of the 12 volt battery earthed, is shown
in Fig. 1. One advantage this circuit has over most
other designs of wiper delay circuit is that only two
leads are required from the circuit board to the existing
car wiring. These two leads are marked A and B in
Fig. 1.

The delay between successive double sweeps of the
wiper blades is controlled by the variable resistor VRI.
The on-off switch S1 is ganged to VR1 so that only one
control knob is required for the whole circuit.

Let us first consider the normal operation of the self-
parking wipers before the circuit is added. When the
ignition is switched on, one side of the wiper motor is
connected to the negative supply line from the ignition
switch. No current can flow through the motor, since
the car wiper switch S2 and the self-parking switch S3
are normally open.

When the wiper switch S2 is closed, the current flows
through this switch and through the wiper motor to the
negative supply; the wipers therefore move. The self-
parking switch S3 is closed except when the wiper blades
are at or near their parked position.

If the wipers are switched off by opening S2, the
blades will continue to move until they reach their
parked position, since the wiper motor current can
continue to flow through S3 until this position is
reached.

CIRCUIT OPERATION

Let us now consider the operation of the additional
circuitry in Fig. 1.

When the on-off switch S is closed, current flows
from the positive (the car chassis) side of the 12 volt
supply through VR and R1 to charge the capacitor C1.
The voltage across this capacitor therefore increases
steadily until it is adequate to cause the emitter circuit of
the unijunction device to conduct. The device is then
switched rapidly to full conduction by the normal
feedback action which occurs in unijunction circuits,

The current flowing through the unijunction transistor
develops a pulse across R3 which is fed to the gate
JULY 1974
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Fig. 1. The circuit of the delay unit connected to

a 12 volt car system with positive earth, The thick

lines show the wiring which carries the wiper
motor current
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COMPONENTS

Resistors
(All fixed values % watt 109,)
R1 6.8kQ2

R2 100Q °
R3 100Q _}‘ Loff

VR1 IMQ potentiometer, log, with switch S1
(see text)

Capacitor

Cl SOuF electrolytic, 25 V.Wkg. (see text)
Semiconductors

TR1 TIS43

TH1 Cl122D (see text)
Switch

S1 S.P.S.T. toggle (part of VR1)

electrode of the thyristor. This pulse causes the thyristor
to be switched to conduction. The current from the
chassis side now flows through the thyristor to the
wiper motor and the wipers move.

A thyristor continues to conduct until -the current
passing through it falls below the ‘holding’ level. In the
circuit of Fig. 1, the switch S3 closes soon after the
wiper blades have commenced to move. This provides
a short-circuit across the thyristor and current ceases to
flow through the device; it therefore returns to its non-
conducting state.

However, the wipers continue to move, since the
current can flow through S3. They park in their normal
self-parking position when S3 opens after one double
sweep of the blades.

VARIABLE TIME DELAY

When S3 opens, the supply voltage is again applied
to the left-hand part of the circuit of Fig. 1. The
capacitor C1 commences to charge again and the
thyristor is fired after a delay, so that the wipers make
another double sweep.

The time for which the wiper blades remain in their
parked position between sweeps is determined by the
rate at which Cl1 charges. This is controlled by the
setting of VR1. .

If C1 is increased to 100uF and the value of VR is
unaltered, the delay time at any setting of VR1 will be
approximately doubled. However, if VRI is also
reduced to 500k, the delay times will be similar to
those obtainable with the component values of Fig. 1.
A 250kQ potentiometer may be employed for VR1 if C1
is increased to 100puF or 250uF.

The component values are in no way critical. Indeed,
tolerances in the marked values of the components
(especially in the value of C1) will cause some variations
in the delay times from one circuit to another, but such
variations do not matter in this application.
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POWER SUPPLY

It should be noted that the 12 volt supply is applied
to the circuit whenever the ignition is switched on if
both S2 and S3 are open. A current therefore flows
through the unijunction device whenever the ignition is
switched on and the wipers are not being used normally
with S2 closed. This current is typically 2mA,, so it is far
too small to have any adverse effect on the car electrical
system.

The opposite side of the prototype-circuit board.
Visible here are the thyristor and the three fixed
resistors

If S1 is open, no charging current can flow to Cl. The
thyristor is therefore never fired and the wipers do not
operate.

The reader may well ask why the on-off switch for the
delay unit is not placed at point A or B in Fig. 1 so that
no current would flow through the circuit except when
the delayed wiper action was in use. The reason for not
using such a system is that a typical armature type of
windscreen wiper motor requires about 4 amps and this
is greater than the rating of the normal type of switch
ganged to a variable resistor.

RADIO & ELECTRONICS CONSTRUCTOR




LOG LAW POTENTIOMETER

A potentiometer with a logarithmic law is specified
for VR1. The smaller values of the time delays are
thereby-spread out and one can easily adjust the control
to obtain the delay required. Although the longer delay
values are compressed together by the logarithmic law
track this does not matter, since if the delay is about a
minute one does not wish to be able to set it to the
neare:it second!

The values used in the prototype are shown in the
Components List. When VRI1 was set (o its minimum
value, the delay between successive sweeps of the wiper
blades was very short. When VRI was set to the mid-
point of its travel, a delay of about 15 seconds was
found. (A linear component would have produced a
delay of about 45 seconds at the mid-point.)

Although a linear component can be used for VRI,
the writer strongly recommends the use of a logarithmic
potentiometer for ease of adjustment at low values of
the delay.

NEGATIVE EARTH UNIT

A similar circuit can be employed in cars which have
the negative terminal of the battery earthed. The full
circuit is shown in Fig. 2 to avoid any possibility of
ambiguity. It should be emphasised that this circuit has
not been checked out by the writer in a practical
installation.

Addltional circuitry Existing car

circuit

From ignition

1
|
|
i
i
'I switch
I (positive
I Wiper supply)
| motor
Al
l i
TR
|
]
: Rotating
] < cam
L =1 ZRp
VRy \é\s:;
Self-parking
Anode S2 switch
T Wiper
A switch
ci220
Cathode
TCI i
=3
B Car chassis
(negative)

Fig. 2. A suitable circuit for the delay unit when
installed in a car with a 12 volt negative earth
system
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Whilst examining the circuits of Figs. 1 and 2 it
should be remembered that current (from positive to
negative) through the thyristor can only flow in the
direction of the arrowhead in the circuit symbol, i.e.
from anode to cathode.

WIPER MOTOR

As was stated at the beginning of this article the delay
circuit may only be used with windscreen wiper motors
having field coils and a self-parking switch. It must no?
be employed with permanent magnet motors. When a
permanent magnet motor is switched off by the self-
parking switch, a short-circuit is placed across the
windings to provide braking. This short circuit is
obtained via the wiper switch (when it is in the ‘off’
position) and via the self-parking switch. The short-
circuit is not removed until the wipers are next operated.
The circuit described here could not start such a motor
because of the short-circuit across it.

The circuit may also not be used with cars having
6 volt electrical systems.

DESIGN POINTS

Readers may be interested in a few design points
relating to the circuit.

The unijunction device will not be triggered if its peak
current rating exceeds the value of the current which the
12 volt car supply can drive through VR1 and R1, since
the peak current required to trigger the emitter circuit
would not then be reached.

The peak current has a maximum value of SpA in the
case of the TIS43, whilst the minimum value of the
intrinsic stand-off ratio for this device is 0.55.

Thus if VR1 has its maximum value of 1MQ, the
current passing through it when the emitter voltage
approaches the peak of the characteristic is 055
multiplied by 12 volts and divided by 1M, which
equals 6.6uA. This exceeds the maximum peak current
rating of any TIS43 device and triggering will occur.

If the valley current of the unijunction transistor
characteristic is less than the continuous current
which flows through R1 of Figs. 1 and 2 when the
emitter is conducting, the device will not switch off.
The valley current has a minimum vaiue of 2mA in the
case of the TIS43. Thus the emitter resistor R1 should
have a minimum value of 12 volts divided by 2mA, or
6kQ. The value specified, 6.8k(2, is therefore satisfactory.

In some initial experiments with the circuit of Fig. 1,
the writer did not connect the lower end of R3 directly
to the cathode of the thyristor, but broke the circuit at
point C. The junction of the lower ends of Cl and R3
was connected to the negative supply line from the
ignition key. A separate power supply was thus pro-
vided for the unijunction circuit.

In this case it was found that there was a strong
tendency for the wipers to keep operating continuously
without any delay. Presumably a pulse was developed
across the inductive motor circuit when S3 opened in
the parkingposition and this pulse triggered the thyristor.

The thrysistor must be able to pass the wiper motor
current. The device specified is rated at 8 amps and
should be adequate for any 12 volt type of wiper motor.

The C122D device used in the prototype is rated at
400V peak inverse voltage. However, the more econo-
mical CI122F (75V p.i.v.) or the C122B (300V p.i.v.)
would have been equally satisfactory in this application.
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All these thyristors are available from Jermyn Industries,
Vestry Estate, Sevenoaks, Kent.

CONSTRUCTION

The only control knob required is that for VRI
(ganged with S1). This variable resistor is conveniently
clamped to the steering column about a foot beneath
the steering wheel. Only two wires are needed from the
remainder of the circuit to VR and S1. The connection
between S1 and the slider of VRI1 is made at the
component itself. VR1 is wired so that it inserts
increasing resistance into circuit as its spindle is turned
clockwise. In consequence, the delay increases as VR
spindle is turned clockwise.

In the prototype the remaining components were
mounted on a small piece of Lektrokit perforated board.
This was placed in a thick polythene bag and fitted into
a suitable space above the parcel shelf. However, any
other reasonable method of mounting the components
could be employed. Care must be taken to avoid
short-circuits to the car chassis.

NO HEAT SINK

The C122D thyristor has a tab which can be bolted to
a heat sink. However, the writer found that no heat sink
was required in this application. Although the maximum
current flowing through the silicon controlled rectifier

is about 4 amps, this current flows only for a short
period each time the wipers commence to.move from
their parked position.

The mean dissipation in the silicon controlled
rectifier is at a maximum when VRI is set to its
minimum value. In the prototype the thyristor was
found to be barely warm after the circuit had been
operating continuously for a few minutes with the delay
set to the minimum value. Similar results would be
given by the Ci122F and C122B thyristors.

The wiring which carries the windscreen wiper motor
current in Figs. 1 and 2 is shown by thicker lines than
appear in the remainder of the circuit. Wire which can
carry 4 amps should be used for connecting the parts of
the circuit shown by thick lines. The other wires
(including those to VR 1) can have quite a small diameter.

The lead marked ‘B’ may be cannected to the earthing
point on the control box or to any point on the vehicle
chassis.

The lead marked ‘A’ may be connected to the car
wiper switch, S2, but it is generally easier to connect it
to one side of S3 on the wiper motor. It is easy to find
which of the motor leads is connected to S3. If one
removes the motor leads one by one and switches the
wipers on and off, the wipers will stop immediately
(without automatically parking) when the connection to
S3 is removed. The wire from ‘A’ should be connected
to the same point on the wiper motor as this wire. W
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New Products

“SCISSORS STYLE" CUTTING AIDS

A new range of production aids has been introduced in
the UK by Adcola Products Ltd. Designed to deal with
a wide variety of wire cutting and sheet metal trimming
applications, Adcola Cutters feature ‘scissor-type’
operation.

All the cutters incorporate a special serrated cutting
edge to provide a positive, non-slip, clean cut on copper
and steel wire up to about one mm diameter. The
scissor style appearance is based on surgical concepts
and is claimed to give production operators easier and
more accurate control when trimming excess wire
lengths from component assemblies. Manufactured to
precision standards in high quality chromium stainless
steel, three models are available.

The FM17 cutter replaces conventional side cutters
for use with single or multi-stranded wire. The serrated
cutting edge ensures a good clean cut eliminating burred
wire edges.

Cutter FM16 features a side-snips configuration
allowing for use as tin snips to cut small radii. It is
possible to successfully cut right to the very point of the
cutting edge making the cutter ideal for fine detail work.

The FM17 cutter is spring loaded to ensure it returns
to an open position. The design of the tool also ensures

a standard finished wire length termination of 1.2 mm
from the PCB making it ideal for solder flow bath
applications.

Adcola cutters are priced from £5.10p, plus VAT and
details may be obtained direct from Adcola Products
Ltd., Adcola House, Gauden Road, London, SW4.

PLASTIC BOX RANGES

Albol Electronic and Mechanical Products are offering
two new ranges of ABS plastic boxes.

The first range, for electronic/electrical circuits and
controls, are in four sizes; the second, in three sizes.
Standard colours offered are gtey, blue, orange and red.

Type 1000, boxes for casing, all have lids (or bases)
that are screwed with self-tapping screws; the lids can be
sunken, flush, or flush with one edge overlapping.
Removal of the lids reveals p.c.b. guide slots moulded
into the inner sides of the box walls. Three of the range
are rectangular, and the fourth is rectangular with one
side sloping.

Type 1000 boxes vary in price from 44 to 83 pence,
and the MG series from 13 to 23 pence for small
quantities, all reducing with volume orders.

Albol Ltd., 3 Crown Buildings, Crown Street,
London, SES.

PUSH BUTTON SWITCHES

Complementing their range of FEME miniature toggle
switches, FR Electronics now have available a series of
Push Buttons with single or two pole changeover contact.
Action is either push on, push off or momentary.

Contacts are silver, rated at 3A. 250V. A.C. and
5 amps at 30V. D.C.

Moulded button tops are available in white, blue,
red and black.

Life at rated load exceeds 40,000 operations, dielectric
strength 1000V. RMS, insulation resistance 20,000
m.ohms. at 500V. D.C. and the operating temperature
range is ~55°C to --85°C.

Further details are available from FR Electronics,
Switching Components Group, Wimborne, Dorset.
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By R. A. Penfold

This little receiver incorporates two
integrated circuits and requires no
alignment after construction

Tms DESIGN IS A COMPACT MEDIUM AND LONG WAVE

broadcast receiver which uses two integrated
circuits and one transistor. An output power of 250mW
r.m.s. is available from the internal speaker, and
there is an output socket for an earphone, which can
be either a crystal or a magnetic type. A t.r.f. circuit is
employed, whereupon no alignment is required and
the set is ready for immediate use after it has been
built,

Construction is greatly simplified by taking advan-
tage of integrated circuit techniques, since far fewer
parts are employed than would be required in a re-
ceiver of similar performance having discrete semi-
conductor components. The set is completely self-
contained. As a Class B output stage is used there is
only a moderate current consumption from the PP3
battery, which in consequence has a good operational
life.

THE CIRCUIT

The circuit of the receiver is shown in Fig. 1.
Integrated circuit IC1, which is a Ferranti ZN414,
forms the basis of the tuner section. This is a 10-
transistor device and it has its own detector and a.g.c.
circuit. It derives its power from the 9 volt supply
via R7 and one section of the wavechange switch,
S1(a). D1 and D2 are¢ forward biased silicon diodes,
and when S1(a) is in the medium wave position they
allow a voltage of about 1.25 volts to be available
for R2 in the ICI1 circuit. D3 is a forward biased
germanium diode and a voltage of around 0.25 volt is
dropped across it. Thus, when S1(a) s set to long waves
the voitage applied to R2 increases to about 1.5 voits.
740
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Fig.1 The circuit of the receiver. The insets
showing top views of the MFC 4000 apply to
different versions of this integrated circuit.
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COMPONENTS

Resistors
(All fixed values } watt 109%)
R1 100kQ
R2 470Q
R3 2.7MQ
R4 4.7kQ
R5 3.3kQ
R6 12kQ
e R7 3.9kQ
VRI1 25kQ potentiometer, log, with switch
S2(a)(b)
Capacitors
Ci 0.01uF miniature plastic foil, side
wires
C2 0.1uF miniature plastic foil, side
wires
C3 4uF electrolytic, 10 V.Wkg,
C4 4uF electrolytic, 10 V.Wkg.
C5 4uF electrolytic, 10 V.Wkg.
Ce 150pF electrolytic, 10 V.Wkg,
C7 0.022uF miniature plastic foil, side
. wires
C8 SOuF electrolytic, 10 V.Wkg.
C9 1611F electrolytic, 10 V.Wke.
' = VCi 300pF variable miniature, ‘Dilemin’
) (Jackson Bros.)
N ‘ +9v
Inductors
] L1, L2 medium and long wave ferrite aerial
RgZ r— B coils (see text)
E5Cq & E Semiconductors ¥
el c, ™ 25 IC1 ZN414 (Ferranti)
= : IC2 MFC4000 (Motorola)
| . TRI BC169C
. =R D1, D2 Small silicon diode (see text)
@ Rg ’ J . S D3 Small germanium diode (see text)
J{ % l'l'h'l' ,Cz
R h K 2 Loudspeaker
f MEC 4000 LSi 23} or 23in. speaker, 15Q (see text)
9C Cs
|
| ~. E7 5 Socket ) ]
o .'- = T } SK1 3.5mm jack socket with break contact
- =
} YR Switches
- : S1(a)(b)(c) 3—p(;le 2-way rotary, miniature (see
text

S2(a)(b) D.P.S.T. toggle (part of VR1)

Miscellaneous
1 large llc(nob

4 — = | 2 small knobs

E 2 PP3 battery (Ever Ready)

MFC 4000 Battery connector

Top view Ferrite rod, 4iin. by 2in. diameter
; Speaker fabric

Materials for case

Paxolin panel
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The gain of the ZN414 tends to drop off on the long
wave band, and the purpose of providing a slightly
increased supply voltage on long waves is to equalise
circuit performance over the two bands. This is
possible as the gain of the i.c. is dependent upon supply
voltage. Indeed, it is by reducing the voltage at pin |
on strong signals that the device produces its a.g.c.
action.

D1 and D2 can be any small silicon diodes, such as
thq BAY31, OA200, etc. Cheap surplus types are
quite suitable. D3 is any small germanium diode,
suitable types being the OA91, OA90, AAl19, or
similar. Again, a cheap surplus type can be employed.

The completed receiver in its case, The control on

the front panel is for tuning, whilst those at the

ends are for wavechange and for volume and
on-off switching

L1 and L2 are the ferrite rod aerial coils and these
are coupled directly to the input of IC1. No low im-
pedance coupling winding is required as the i.c. has
a very high input impedance. It is necessary for L2,
the long wave coil, to be short-circuited when the
receiver is switched to medium waves as it otherwise
has an adverse effect on medium wave tuning. Si(c)
fulfils this function. VC1 is the tuning capacitor and
R1 is a biasing resistor. Cl is an r.f. bypass capacitor
and provides d.c. blocking for the bias at the input
of the integrated circuit. C9 provides a bypass for the
upper end of R2, and it is across R2 that the detected
audio signal from the i.c. is developed.

This signal is coupled via C3 to TRI, which is a
high gain common emitter amplifier. It is biased by
R3, and R4 is its collector load resistor. The amplified
signal for TR1 is coupled via C4 to the volume control
VR1. The capacitor CX, shown connected into circuit
by broken line, may be required in some receivers if
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instability should occur at high volume settings when
the set is switched to the long wave band. It should
have a value of 0.005uF, or higher if this is necessary
to clear the instability.

CS5 and R5 couple the signal from the volume
control to the second integrated circuit. This is a
Motorola MFC4000 and it incorporates a driver
transistor and a Class B output stage. C7 is a
stabilizing capacitor, and R6 is a biasing resistor which
provides a high level of d.c. and a.c. negative feedback.
C6 couples the output of the i.c. to the speaker or
earphone, and C8 is the main supply bypass capacitor.
The output jack has a single break contact which
disconnects the loudspeaker when an earphone is
plugged in. The MFC4000 can be obtained from
several retailers as MFC4000B or MFC4000P. The
latter version is available from Henry’s Radio Ltd.

The on-off switch for the receiver is S2(a)(b), and
this is ganged with the volume control, VRI.

Ideally, the speaker should have an impedance of
1692, as this is the recommended load for the MFC4000.
It would be in order to use a 15Q speaker but not one

with an impedance lower than this. The MFC4000 .

will work satisfactorily with a 25Q speaker or even a
40Q speaker, although the available output power
reduces as the speaker impedance increases. It is
intended that the speaker employed have a diameter
of 2%in. or 23in. but, as retail stocks of small speakers
of this nature tend to fluctuate, the constructor may
have to accept a compromise in terms of impedance
and size.

CASE

The prototype receiver is housed in a simple home-
made case having a removable back and inside dimen-
sions of 6 by 3 by 1} in. This housed the speaker
employed by the author satisfactorily but the 3in,
dimension and the depth may have to be increased
to take other speakers if they should happen to be
fractionally larger. So far as cabinet depth is concerned,
the constructor should read the assembly instructions
which are given later and then check the cabinet
depth needed to accommodate the Paxolin coniponent
board, which rests on the speaker frame, and the
battery, which is positioned between the component
board and the back, and between the speaker magnet
and the case bottom. A case of the type employed by
the author is easily constructed from §in. plywood or
faced hardboard with the sections glued together.
Reinforcing corner pieces can be employed and these
also provide a suitable means of mounting the back
of the case. The corner pieces can be seen in Fig. §
and in the photograph of the rear, and it will be noticed
that these accept wood screws passed through suitably
positioned holes in the case back. The cabinet can be
given a smart finish by being covered with a suitable
plastic veneer.

Alternatively a commercially produced plastic case
can be used provided it has the required dimensions.
The case must, of course, be made of a non-metallic
material so as to avoid screening the ferrite rod aerial.

An effective speaker aperture can be made by drilling
twenty-one %in. diameter holes with iin. spacing in
the pattern shown in the photograph. A piece of speaker
fabric is glued to the inside of the case behind this
matrix of holes. It will be helpful to make these holes
after the remainder of the constructional work has
been carried out as this will enable the final position
of the speaker to be evaluated more accurately.
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Fig. 2. Details of the ferrite rod aerial windings

FERRITE AERIAL

The ferrite rod aerial is home-wound on a 4}in.
length of 2in. diameter ferrite rod. This rod was
obtained from Amatronix Ltd., 396 Seisdon Road,
South Croydon, Surrey. There are only two windings.
and both of these are wound with 30 s.w.g. enamelled
copper wire: Details are given in Fig. 2. The ends of
the windings are taped to the rod to prevent the coils
unwinding. L2, which is pile wound, must be wound
tightly or it will tend to spring apart even when the
wire ends are ‘taped to the rod. LI is close-wound in
a single layer. If desired, a coat of polystyrene dope
can be applied to the coils after completion to hold

COMPONENT PANEL

Most of the components are mounted, and wired
up, on a piece of plain kin. Paxolin. This is shown,
full-size, in Fig. 3. The ccnstruction of this commences
by cutting out the panel to 44 by 23in. The two cut-
outs for VR1/S2 and VCI are then made. A circular
cut-out for the speaker magnet has to be made also,
and this can be done with either a fret or coping saw.
The hole should have a diameter which just accom-
modates the magnet of the speaker to be used, and
should allow the board to be a tight fit on that magnet.
If the hole is accidentally made a little too large, the
effective diameter of the magnet may be increased by
winding thin tape round it. Next, the positions of the
component mounting holes can be marked and then
drilted using a 3/64in. diameter twist drill. The holes
for the MFC4000 pins should be positioned to suit
the particular i.c. employed. The components are then
mounted as indicated in the diagram, and lead-out
wires are bent over at 90 degrees on (the reverse side
of the board. The lead-outs are then soldered together,
the underside wiring being shown in broken line in
the diagram. The lead between R7 and pin 3 of the
MFC4000 should be positioned so that it clears the
speaker frame, and it may need to be insulated with
sleeving. The two points marked ‘A’ are joined to-
gether, below the board, by an insulated lead. A num-
ber of leads pass from the panel to components
mounted in the case. Insulated leads about 3 to 4in.
long are  connected to the panel at these points. Their

them firmly. free ends are not-connected until all the parts, including
e — _ — AllpH -
p— V2
| Wire securing ferrite rod._
t - \\
e [ ‘
Lo eJ i Ferrite aerial  mal Ly
| ! D2 Sla 52
¢ o o 3
; Cut-out A E:i
134" to suit I* " T i S
Ve, i 5
= [ i
VC, fixed| i
vanes \ 8, | 234"
| VRj
1 ;
Cut-out to !,
S
fit VR)/So ! 1/8
|
e o i i)
¥C4 PO
Fig. 3. Components and wiring on the Paxolin panel. The legends
‘L2’ and ‘L1’ indicate the positions taken up by these coils on the
ferrite rod. Holes for the MFC4000 should correspond to the
particular version employed
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the component panel assembly, are mounted .in the
case.

It is important to ensure that DI, D2 and D3 are
connected into circuit with correct polarity. If any of
these diodes is connected into circuit the wrong way
round it is possible for very nearly the full 9 volt
supply to. be applied to the ZN414, which may suffer
damage thereby. Should any doubt exist, wire up all
the components on the board with the exception of
the ZN414. Then temporarily apply the negative
terminal of a 9 bolt battery to the junction of D1 and
C1, and the positive terminal, via a 3.9kQ resistor, to
the junction of D3 and R7. Measure the voltage across
all three diodes, with the voltmeter negative test clip
at the junction of D1 and C1 and the voltmeter positive
clip at the junction of D3 and R7. If all is well the
voltmeter will indicate approximately 1.5 volts. The
temporary connections to the board may then be
removed and the ZN414 connected into circuit.

The ferrite rod aerial is mounted by means of two
pieces of single core p.v.c. covered wire. Each piece of
wire is looped over the rod with its two ends passing
through two holes in the board. The two ends are then
tightly twisted together on the reverse side of the board
so as to hold the rod securely. Take care to ensure
that the two wire ends of each loop do not come into
contact with each other, or a short-circuited turn
will result, preventing the ferrite aerial from functioning
correctly.

Fig. 4(a) shows the connections to the wavechange
switch. This component is a miniature 3 way 4 pole
switch with an adjustable end stop which is set up for
2 way operation. The switch is available from a
number of suppliers. Only three of its poles are
used in the present circuit. Before wiring to the switch,
check the outside contact tags corresponding to each
of the centre tags with the aid of an ohmmeter or
continuity tester, as their relative positioning may
differ from that shown in Fig. 4(a).

As there is a shortage of space on the component
panel, some of the parts are mounted on VRI/S2.
This wiring is shown in Fig. 4(b). The earth lead from
VR1 to VCI s insulated and connects first to SK1 and
then passes on to the moving vanes tag of the capacitor.
It passes below the board and should be positioned
so that it will clear the speaker when the latter is in its
final position. Capacitor CX is not wired into circuit
until the receiver has been completed and tested, and
then only if any instability should be evident, as
explained earlier.
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The internal layout of the components. Most of
the smaller parts are mounted on a Paxolin panel
which fits over the speaker magnet

As with switch S1, it is desirable to identify the tags
for each pole on S2 by means of an ohmmeter or
continuity tester, as their positioning may vary from
that shown in the diagram.

VC, fixed vanes

D3—Ryon
comp. panel

Dp-D3zon
comp. panel

Y
R5 on comp. panel Lo

C|-R| on
comp. panel

(a)

Rg-C70n
comp. panel

To ICo pin i
R4 on comp.

panel

To SK; and VC,
moving vanes

To ICp pin3

Battery connector
(b)

Fig. 4 (a). Connections at the wavechange
switch 1
(b). Some of the components are wired

direct to VR1/S2
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GENERAL LAYOUT

Fig. 5 shows the general layout inside the case. S1
and VR1/S2 require standard 3in. diameter mounting
holes. The Jackson ‘Dilemin’ capacitor specified for
VCI requires a $in. hole through which its spindle
passes, and two 6BA clear holes for its two 6BA
mounting screws. Two screws are supplied with the

4 reinforcing cornet pieces

|

Component panel

Fig. 5. General layout of the major parts inside
the case

capacitor but these may be found a little too short for
the present application. Also, they have round heads,
whereas countersunk heads are preferable. The screws
should therefore be replaced by two countersunk
6BA screws which will not pass further into the tapped
holes in the capacitor than the original ones would.
A suitable screw length should be iin.

The component panel, complete with speaker, just
drops into place inside the case. There is a space for
the PP3 battery on the component panel. Some strips
of sticky backed foam rubber or plastic (which is sold
as draught excluder) can be fixed to the back of the
case so that it will press down against the battery and
the ferrite rod aerial. Screwing on the back of the case
will then also hold the battery and component panel
in position. :

The leads between the component panel and the
parts fitted to the case may now be connected up.
They should be shortened as necessary. One lead
from the speaker connects to the break contact of
SK1. Its other.lead connects to pin 1 of IC2 on the
component panel.

If at any time in the future the set should require
servicing, all the parts can be removed in their entirety
without unsoldering any leads by removing the
mounting nuts of VR1, SK1 and S1, and the mounting
screws of VCI1.

Once completed the set is ready for immediate use,
no adjustments, apart from the possible fitting of CX,
being required. ]

B.A.R.I.G. 1974
ANNUAL CONVENTION

The British Amateur Radio Teleprinter Group, held its
annual Convention at Meopham, Kent, on Saturday,
May 18th. This is the third such occasion held at this
venue and was most successful.

The weather was perfect and the ‘talk-in’ station
operated outdoors; so that visitors had plenty of room
to watch its activities. The live RTTY station in the
Village Hall produced much interest, especially to those
who had not seen amateur radio RTTY before.

Two interesting lectures were arranged for the
afternoon, and both were well attended. Doug Button,
G8AEL, gave a useful talk on ‘Getting Started’,
demonstrating what points to watch for when putting a
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Creed Type 7 Teleprinter into service, this being the
model of teleprinter usually available to RTTY
enthusiasts in this country. Bill Pechey, G4CUE, took
his audience to the other end of the scale, in his talk on
‘Advanced Terminal Units,” demonstrating with a T.U.
of his own design, the application of integrated circuits
and right up to the minute design features for an RTTY
Terminal Unit. This talk was much appreciated by
those with ambitions to keep their RTTY stations right
up to date.

This event is fast becoming one of the priority dates
in the amateur radio social diary. A.C.G.
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FOR DX LISTENERS

By Frank A. Baldwin

Times =GMT

On the South American continent, bordering the
Pacific Ocean, lies the Republic of Peru. Divided by
two ranges of the Andes, with high altiplano lying
between, with the dense rain forests of the west
Amazon Basin in the east and with a long coastal
desert belt in the west, Peru is one of the difficult
countries to hear on the short wave bands. The reasons
for this difficulty is that most of the stations have very
low radiated powers, usually of the order of 1kW, and
omnidirectional aerial arrays. The high Andean range
must also play a part in shielding us here in the U.K.
from many of the signals emanating from Peru. Never-
theless, just occasionally, conditions are such that this
area of the world comes through very well on the 60m
band.

Recently the writer had the good fortune toenter the
shack just after 0300 to ‘test’ the 60m band, a not
unusual occurrence, to find that signals from Peru and
the nearby Colombia predominated over all others,
clearly an LA session was called for and it produced the
following.

@ COLOMBIA

4865 0424 HILZ Voz del Cinaruco, Arauca, local
newscast in Spanish by OM announcer, many place
names in Colombia mentioned, series of chimes and
station identification at 0430. 1kW, schedule 1100 to
0500.

4755 0440 HIJKC Emisora Nuevo Mundo, Bogota,
talk in Spanish, station identification at 0442. 1kW
Schedule 1100 to 0500.

@ PERU

4788M OAXS8F Radio Atlantida, Iquitos, Latin
American music then OM with identification “‘Radio
Atlantida’ at 0324. 1kW, schedule 0900 to 0455.

5010 OAX8V Radio Eco, Iquitos, typical local music
at 0340, identification by OM at 0352 *“Radio Eco” then
recorded announcement ““Eco, Eco, Eco” followed by
choral rendering of the National Anthem and off at
0355. 1kW, schedule 1200 to 0400.

4880 Radio Once Sesenta, Lima, OM with talk in
Spanish from 0405, Lima mentioned several times,
identification at 0416 uncertain but Lima definite,
tentative logging. 1kW, schedule 1200 to 0500.

4815 OAX8X Radio Samaren, Iquitos, at 0443 with
OM giving a talk in Spanish, station identification at
0456 ““‘Radio Samaren”, choral National Anthem and off
at 0457. 1kW, schedule 1100 to 0500.

It is interesting to note, from the above, that most of
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Frequencies =kHz

the loggings were of stations in Iquitos, this being
located east of the Andes which did not therefore, on
this occaston, act as a barrier. The signal from Lima did
have some of the Andes to surmount.

60 METRE BAND

Last month we conducted a brief survey of the 90
metre band and this month a report on the 60m band,
which follows, will almost certainly prove of interest to
many readers.

Latin America is always apparent on the band at
night in some measure or another, some of the signals
logged from this area of late have been.

@ HONDURAS

HRVC Voz Evangelica, Tegucigalpa, on 4820 at
0355 when a religious talk in English was being radiated.
For those who require a QSL card from Honduras, this
station is your best bet, it closes at 0430 with full
identification and all details.

@ VENEZUELA

YVOI Radio Valera, Valera, on 4840 at 0400 signing
off with hymn by small studio choir.

YVAO Radio Sucre, Cumana, on 4960 at 0328,
identificaticn amid LA music programme “R. Sucre
Musica”. Identification also at 0350 after trumpet
fanfare.

YVOC Ecos del Torbes, San Christobal, on 4980
at 0200 with station and network announcements in
English. This is one of the easiest LA’s to hear on the
band but is included here because of the language used
at this time.

YVQE Radio Bolivar, Cuidad Bolivar, on 4770 at
0040 with LA songs, guitar music, OM in Spanish, ads
and ‘jingles’.

YVMG Radio Popular, Maracaibo, on 4810 at 0047
with LA music and Spanish songs.

Y VWIJ Radio Cristal, Barquisimeto, on 4820 at 2345
with identification followed by guitar music.

@ COLOMBIA
HJGF Radio Bucaramanga on 4845 at 0403, OM
with full identification, sign-off with National Anthem.

@® ECUADOR
HCMQI1 Radio Atahualpa, Quito, on 4780 at 0320
with LA music, songs, identification at 0331,
HCWELI Radio Nacional Espejo, Quito, on 4678 at
0606 with typical local music and song programme.
RADIO & ELECTRONICS CONSTRUCTOR



HCRQ! Radio Quito, on 4923 at 0320, OM in
Spanish with very exciting, apparently, sports commen-
tary.

@ COSTA RICA

TIHB Radio Capital, San Jose, on 4832 at 0120 with
LA music, identification in Spanish then more music,
songs. (This is in Central America/Caribbean area of
course).

@ BRAZIL

ZYG26 Radio Pioneira de Teresina, on 4887 at 2203
with OM in Portuguesc with local newscast.

ZY12] Radio Poti, Natal, on 4934 at 2132 with talk
in Portuguese. .

AFRICA

Signals from this continent are often audible on the
band from around 1730 onwards and the programmes
are nothing if not varied, from discussions in English
to local pop music sessions.

® UGANDA

Kampala on 4976 at 1907 with a newscast in English
and on 5026 at 1939 with a programme of local music
and s ngs — very rhythmic.

@ NIGERIA

Lagos on 4990 at 1915, OM with identification after
the news in English then into vernacular. Aiso heard at
2002 with news in English.

@ SOUTH AFRICA

Johannesburg on 4830 at 2105, news in English,
announcements then off with choral National Anthem
at211s.

@ MOZAMBIQUE

Radio Clube Mozambique on 4890 at 1843’ with talk
in Portuguese followed by light music programme. Also
on 4855 at 2057 with guitar music.

® GAMBIA
Banjul on 4820 at 2300 when signing-off with
National Anthem.

® DAHOMEY
Cotonou on 4870 at 2205 local music, announcements
in vernacular, African drums.

@® ANGOLA

CR6RH Radio Clube da Huila on 5025 at 2140, OM
in Portuguese, jingle and advert for *. . . cigarro” then
light music.

@ LIBERIA

ELWA Monrovia on 4770 at 1940, musical interlude
then into vernacular with, presumably, gospel pro-
gramme,

EAST AND FAR EAST

Although the ‘season’ for reception of signals from
these areas is now past, occasional breakthroughs occur
from time to time, although very much reduced in signal
strength.

@ SRI LANKA
Colombo on 4902 at 1855, continuous chanting of
Buddhist monks on a full-moon day.
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@ SINGAPORE
On 5010 at 2318 with a programme of European-type
light music with announcements in English.

@ MALAYSIA
Kuala Lumpur on 4845 at 2330, 6 pips then OM in
Tamil.

@ PAKISTAN

Peshawar on 4950 at 1850, YL with Indian-type
songs, local music, off suddenly at 1900 without
National Anthem.

@ INDIA .

AIR Hyderabad on 4800 at 1701, local music, OM
with songs, announcements by YL.

AIR Calcutta on 4820 at 1720, OM with songs in
Hindi, local orchestra, off at 1730 without National
Anthem.

@ AFGHANISTAN

Kabul on 4775 at 1655, local music rendered on a
guitar-like instrument, OM with announcements in
vernacular.

@ CHINA

R. Peking on 4800 at 2025, sign-off with “Inter-
nationale”; on 4883 at 2002 with “East is Red”,
identification in English by YL then into Asian dialect;
on 4815 at 2243, Chinese music then into USSR
dialect; PLA Fukien on 4840 at 2156, OM and YL
alternately in Chinese dialect and Foochow on 4975 at
2323 with YL in Chinese dialect.

@ YEMEN P.D.R.
Aden on 5060 at 1850, Arabic music, songs by OM,
announcements in Arabic.

ANYTHING ELSE?
Well, there are one or two oddments left over, mostly
overlooked when compiling the above, how about —

@ SOUTH AFRICA ;

Johannesburg on 4975 at 0400, 6 pips, identification
and announcement that broadcast is directed to East
and Central Africa then the news, all in English.
Unearthly hour 0400 but at least you will find that it is
daylight at this time of the year — and the birds are
singing!

@ ANGOLA

R. Com de Angola on 4795 at 2040, programme of
typical Portuguese music, channel is subject to much
co-station QRM.

@® CAMEROON
R. Yaounde on 4972 at 2203, Arabic-type music and
chants, OM with announcements in vernacular.

@ UNIDENTIFIEDS

On 5007 at 0128, unidentified Latin American, OM in
Spanish, LA songs till 0133 when YL with “Radio . . .”,
few short bars classical music then OM with echo-
effect announcements. Heard several times.

On 4732 at 0345, an LA station with OM in Spanish,
local music then lost in CW QRM, this one logged on
three separate occasions.

On 4783 at 0140, OM in Spanish, LA music, many
ads, jingles, no idents!
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THE “WYVERN?”
100 WATT
INVERTER

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

Intended primarily for amateur trans-

mitter mobile or portable operation,

this solid state inverter offers a high
power output at 300 volts.

ESPITE THE GROWING POPULARITY OF SOLID STATE
equipment, there are still many applications where
valves offer an easier, cheaper, more rugged and more
reliable circuit choice than do transistors. A prime
example is given by the output stage of a high power
a.m. or s.s.b. transmitter.

When it is contemplated using such equipment for
mobile (or portable) applications, an inverter will be
required to provide a suitable h.t. supply. The inverter
presented here will happily produce 100 watts of h.t.
from two car batteries, or 60 watts of h.t. from a single
car battery.

The inverter will also be found useful for operating a
valved receiver.

THEORETICAL POINTS

The circuit diagram of the complete inverter is shown
in Fig. 1, and it will be seen from this that it is of the
self-oscillating type. This offers the advantages over the
driven type of being simpler and also short-circuit
proof, provided that the rectifiers can withstand the
instantaneous short-circuit current.

The heart of the inverter is the transformer, which is
wound on a 35mm. Mullard transformer core pair type
FX2242. Note that two cores should be ordered to make
up the pair, Information on a retail source for these
cores and other components not generally available is
given at the end of this article.

The winding details listed in the Table will produce an
oscillation frequency of around 5kHz for both versions.
The secondary turns may be varied in either version if a
different output voltage is required, but if it is desired to
change the operating frequency then the number of
turns on all windings must be changed in the same
proportion. Increasing the number of turns will lower
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Fig. 1. The circuit diagram of the inverter
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TABLE
Transfomer Winding Details
24 Volt 100 Watt Version
Primary: 14 turns + 14 turns (i.e. 28 turns centre-
tapped) 22 s.w.g. enamelled copper.
Feedback: 4 turns26s.w.g. enamelled copper.
Secondary: 180 turns 30 s.w.g. enamelled copper (for
300 volts output).
12 Volt 60 Watt Version
Primary: 7 turns + 7 turns (i.e. 14 turns centre-
tapped) 22s.w.g. enamelled copper.
Feedback: 4 turns 26 s.w.g. enamelled copper.
Secondary: 180 turns 30's.w.g. enamelled copper (for
300 volt output).

the operating frequency in proportion and decreasing
the number of turns will raise the operating frequency
in proportion. It should not be attempted to exceed
10kHz, however, unless faster transistors than 2N3055"s
are used.

The current.gain versus collector current and the
collector-emitter saturation voltage ratings of the
2N3055 tend to limit the capability of a pair of the
devices, as used in the inverter, to 100 to 150 watts when
inverting a 24 volt supply, and to 60 watts when invert-
ing & 12 volt supply. Efficiencies in the order of 859,
are to be expected from the higher power version, and
75 to 809, from the lower power version.

The drive feedback winding does not require a centre
tap since the diodes DI and D2 provide clamping of the
drive waveform on the ‘off’ transistor side (forward
bias on the diode) and a high resistance on the ‘on’

COMPONENTS

Resistors
R1 2.7k § watt 109,
R2,R3 10Q2 2 watts 109, (or 2X2092 1 watt
5% in parallel)
R4-R7 100k 4 watt 5%,
Capacitors
Ci 4.7uF polyester or polycarbonate,
60 V. Wkg.
C2 8uF electrolytic, 40 V. Wkg.
C3-Cé6 4.7uF polyester, 100 V. Wkg.
Inductor
L1 Home-wound on 1-off former type
DT2180 and 2-off Mullard cores
type FX2242
Semiconductors
TRI1, TR2 2N3055
Di1-D6 BYX70-500
Switch
S1 s.p.s.t. switch, 5 amp (see text)
Fuse
FS1 5 amp fuse and holder (see text)
Miscellaneous

4 insulated sockets

Diecast box type 6827P (Eddystone) ;

Mica washers and insulating bushes (for TR1
and TR2)

Printed circuit board

Enamelled copper wire (see Table)
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transistor side (reverse bias on the diode). The base
current is limited by either R2 (for TR2 base) or R3
(for TR base) to the current drive required for full
output. These diodes should be rated at | amp and only
a low p.i.v. rating is required. although higher voltage
diodes can be used if this is convenient,

The inverter operates as a square wave oscillator and
the feedback must be correctly phased for oscillation.
Should the inverter fail to oscillate then the connections
to the feedback winding should be reversed.

The resistor R1 provides sufficient forward bias to
take TR1 into conduction such that the inverter will
self-start, and this resistor may require some reduction
in value if the gain of the transistor is low.

A very low value in R1 would be required if the
inverter is to self-start into a load given by a mains light
bulb since the resistance of a cold light bulb filament
is very much lower than that of a hot one. Hence a
mains bulb presents an excessive load for the inverter
and bulbs of greater than 40 watts are not recommended
as loads. ;

The capacitors Cl and C2 across the supply lines are
included to prevent excessive current spikes, which
would introduce hash into other equipment, appearing
in the supply leads.

The supply line fuse is included for the protection of
the vehicle and its battery, since car batteries can pro-
duce spectacular firework displays when feeding into
short circuited loads. The fuse will not provide any
protection for the inverter components, as. transistors
burn up far faster than fuses; but the inverter i$ short-
circuit proof at its output in any case since a short-
circuit here will simply stop it from oscillating.

The rectifier diodes D3 to D6 require some special
mention since, for a high frequency inverter of this type,
‘just any old rectifiers’ will not do. The storage time (i.e.
the time a diode takes to switch off when changed from
forward to reverse bias) of ordinary 50Hz rectifier
diodes makes them totally unsuitable, in most cases, for
high frequency inverters, and therefore ‘fast recovery’
rectifiers with very short storage times must be employed.

A suitable rectifier diode which may be used overall
for D1 to D6 is the Mullard BYX70-500. The diodes
which appear in the D3 to D6 positions in the photo-
graphs of the prototype .are Texas Instruments type
18107, but these are not recommended for use by
constructors as they are specified only for operation at

The completed inverter is housed in a small
diecast box
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2.5kHz maximum and it would be quite possible to pick
up one or more ‘marginal’ specimens. Indeed, the
1S107’s used by the author failed when checked
experimentally at 10kHz, solely due to failure by over-
heating because of the high dissipation resulting from
excessive storage time. The BYX70-500 rectifiers will,
however, operate quite happily at the frequencies
involved here and are more than adequate for the
present application.

The output smoothing at 5kHz is very small in terms
of microfarads, and the author used four 4.7uF 100 volt
working polyester capacitors in series, giving an
effective smoothing capacitance of just over 1uF. These
capacitors are C3 to C6 and have voltage equalising
resistors R4 to R7 connected across them. They
reduced the twice frequency (i.e. 10kHz) ripple to a
negligible level. There is no objection to using a single
non-electrolytic 1uF 400 volt working capacitor if this
is available. R4 to R7 are not then required, of course,
but it would be a good idea to connect a 390k Q 1 watt
resistor across the single capacitor. This will act as a
bleed and will discharge the capacitor if the inverter is
switched off without a load connected. 4.7uF 100 volt

working polyester capacitors are listed by Electrovalue
Ltd., 28 St. Judes Road, Englefield Green, Egham,
Surrey.

Large 400 volt working electrolytic capacitors may be
used, but these will slow down the h.t. build-up and
impose more of a surge on the rectifiers. An electrolytic
capacitor may require a small high voltage polyester
capacitor in parallel in any case, since the impedance of
an electrolytic capacitor at the ripple frequency of
10kHz is quite high.

CONSTRUCTIONAL DETAILS

The construction of the inverter may be clearly seen
from the photographs.

The majority of the components are mounted on a
single printed circuit board measuring 6 by 3iin. This is
shown full-size in Fig. 2, as seen from the component
side. The transformer core, after winding (to be dis-
cussed shortly) has been completed, may be secured to
the board either by means of a brass bolt passing
through the centre or by two brass bolts passing down
the outside grooves which are free of exit wires. Spring
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Fig. 2. The printed circuit board viewed from the component side R2 and R3 are each shown as two
resistors in parallel. The board is reproduced full size and the diagram may be traced
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washers or rubber grommets should be included to
prevent damage to the brittle ferrite material.

The completed printed circuit board was fitted in an
Eddystone diecast box type 6827P, this measuring
approximately 74 by 44 by 2in. This box is available
from Home Radio under Cat. No. E845. An alternative
is the slightly larger S.T.C. diecast box measuring
83 by 53 by 2lin. (Home Radio Cat. No. 8/Z140).
Again, a suitable aluminium chassis of around the same
dimensions could be employed.

The box also forms a heatsink for the two 2N3055
transistors which are fitted using insulating mounting
kits. The heatsinking is absolutely necessary since the
pair of transistors dissipate around 15 to 20 watts at
full output.

The transformer core windings also dissipate a
couple of watts in their resistive losses and the core will
get quite hot. If it is contemplated that the inverter
should run for more than 30 minutes continuously at
full output then a heatsink in contact with the trans-
former core in the form of an aluminium plate would be
useful.

The 12/24 volt input sockets were mounted at the
same end of the box as the switch and fuse. The end of
the board at which C2 is fitted is adjacent to the switch.
The output sockets are mounted at the other end of the
box. This layout helps to avoid the risk of plugging in
the wrong leads at each end.

In the prototype the negative input and negative out-
put were earthed to the diecast box. The experienced
constructor should be able to modify the printed circuit
board if alternative earthing arrangements are required.
Such alternative arrangements have not been checked
out by the author.

TRANSFORMER WINDINGS

The transformer windings are completely non-critical
and there is no need to bifilar wind the primary. The
windings must, however, be as neat as possible, other-
wise it will be difficult to get all the turns on when the
secondary is wound. It should be noted that the former
type DT2180, which fits in the ferrite cores and which
takes the windings, is not sectionalised.

The primary can be wound on first. Start by winding
on haif the turns, twist up about seven inches of wire for
the centre tap, and then continue winding in the same
direction for the second half of the primary. Bring out the
start, centre-tap and finish neatly, and tape down the
winding using a minimal quantity of rhin tape. It is not

A printed circuit board enables the components

to be laid out neatly inside the box. The two

transistors are secured to the sides of the box,
which functions as a heatsink

JULY 1974

necessary, incidentally, to ‘cram’ the primary into one
layer.

The feedback winding is next. Wind 4 turns of the
specified wire over the primary and bring out the start
and finish. Ensure that the lead-outs will not be confused
with those of the primary (although they should be
different gauges in any case). Tape down and cover the
winding with thin tape, again using a minimal quantity.

The secondary is wound on last, as neatly as possible,
and the start and finish brought out. The final complet-
ed coil is well wrapped with tape.

Start and finish lead-outs should be left six inches long
until they are connected into circuit. They are then cut
to length and covered with sleeving, as required. The
centre tap of the primary, after it has been cut to the
desired length, must, of course, have borh the twisted
leads scraped clean and soldered to its circuit point.

Thin tape is specified as there is not a great deal of
room on the former. Sellotape would be suitable, but if
thin yellow Mylar tape can be obtained this is ideal.

TESTING

Initially the inverter should be tested off-load to check
that it is oscillating. An audible steady whistle at twice
the operating frequency emanating from the trans-
former core will confirm this,

If the unit fails to oscillate then the feedback connec-
tions should be reversed.

Once satisfactory oscillation is achieved the off-load
h.t. voltage may be checked, after which a suitable
resistive load can be introduced. The load could be 1kQ
100 watts for the 24 volt version and 1.8kQ
60 watts for the 12 volt version. Alternatively, the output
may be presented to an item of equipment capable of
drawing the requisite current. It should be noted that
mains light bulbs do not make good test loads for the
reasons mentioned earlier,

The frequency of oscillation of the inverter wiil gradu-
ally fall as the load is increased and will eventually break
up into an unsteady ‘warble’ as the load becomes
excessive. A short-circuit will stop the inverter com-
pletely and without damage; the inverter will re-start
when the short-circuit is removed.

If it should be found that the power output capability
falls short of the stated level then this will probably be
due to the transistors having a low current gain and
thereby requiring nore base current drive, The values
of R2 and R3 should be suitably reduced in this event.
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The 24 volt design assumes a coliector ‘on’ current of
5 amps at maximum output and an hfe (current gain) of’
10 times at this collector current, whereupon the drive
is arranged to provide 0.5 amp of base current.

Note that the collector current is 6 amps for the 12
volt version, and a larger fuse may be required in addi-
tion to slightly more base drive if the full 60 watt output
is required. St will also require a higher current rating
to suit.

In the prototype, no problems of induced hash were
experienced, and C1 and C2 provided adequate filtering
to prevent ‘audio’ pick-up. Also, the 2N3055 transistors.
are too slow to produce much hash in the r.f. spectrum.
in the event of any trouble, however, the values of Cl
and C2 may be increased as necessary and a small
inductance choke introduced into the non-earthy supply
lead and fitted inside the box. A suitable choke would'
consist of, say, 20 turns of 20 s.w.g. enamelled wire
wound on a 1 in. length of & in. diameter ferrite rod,
this being broken from a longer rod. Large inductances
would prevent the inverter from working efficiently and
should not be used.

A view inside the unit from the output socket end.
The fuse in its holder, can be seen at the end
further away from the reader

COMPONENTS

All the components are generally available with the
exception of the two Mullard cores type FX2242, the
coil former type DT2180 and the six rectifier diodes.
The cores, coil former and diodes may all be obtained

from Gurney's (Radio) Ltd., 91 The Broadway,
Southall, Middlesex. [ |
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LOW —

By A. G. Blewett

ANY CONVENTIONAL MULTIMETERS, WHEN USED TO

measure resistance, have the disadvantage that
readings are taken on a non-linear scale, making the
interpretations of intermediate readings difficult. They
are also practically useless for measuring resistance
values below a few ohms with any accuracy.

The unit to be described is designed specifically to
measure low: resistances, and has the additional
advantage that readings are taken on a perfectly linear
scaled meter.

CIRCUIT

The circuit of the unit appears in Fig. 1, in which
TR1 functions as a constant current generator. Its base-
is held at a fixed potential by the forward voltage
dropped across the two silicon diodes D1 and D2. The
constant current flowing from TR1 collector is varied,
for each range, by selecting one of the three resistors,
R4, R5 or R6, by S3.

M1 is a Henelec 38 Series 0-100pA meter, as retailed

' by Henry’s Radio Ltd. It has a nominal internal

resistance of 900Q, whereupon the voltage across its
terminals at full-scale deflection is of the order of
90mV. It is employed here as a voltmeter which
indicates the voltage across the resistance being
measured. Since a constant current flows through the
resistance, the voltage across it is directly proportional
to its value and the meter is, in consequence, able to
give a linear indication of resistance. Thus, on the
0-10Q range, an indication of 100uA corresponds to
10Q, an indication of 50pA to 5Q, and so on.

Transistor TR2 is a germanium p.n.p. device which is
connected here as a diode. It limits the voltage across
the meter to a safe value if the test terminals should
happen to be open-circuit or if the resistance being
measured has a higher value than is anticipated.

The voltage dropped across D1 and D2 is of the order
of 1.3 to 1.5 volts. Let us say that it is 1.4 volts. TR1 is a
silicon transistor, and we can assume a voltage drop of
0.7 volt between its base and emitter. The resistors R4,
R5 and R6 are then called upon to drop the remaining
0.7 volt at the various constant currents required on the
three ranges.

If the 0-10Q range is selected and a 10Q resistor is
connected across the test terminals, a current of 100pA
is required to flow through the meter. When the meter
internal resistance is at its nominal value of 900Q a
voltage of 90mV appears across it and across the 10Q
test resistance, whereupon 9mA flows in the latter. The
collector current required of TR1 is therefore 9mA plus

RADIO & ELECTRONICS CONSTRUCTOR



VALUE LINEAR
OHM METER

A simple instrument which allows the measurement of resistance
values down to 0.050

100pA, or 9.1mA. Very nearly the same current flows
in the emitter circuit of TR1 with the result that RS has
to drop 0.7 volt at 9.1mA and requires a caiculated
value of 77Q. However, a precise value for R5 cannot be
specified because of the approximations (that the
voltage drops across the diodes and the base-emitter
junction of TRI1 are each 0.7 volt, and that the meter
internal resistance of the meter is exactly at its nominal
value of 900Q) which are inherent in the calculations
just given. In consequence, the values specified in the
Components List for R4, R5 and Ré6 are higher than

the calculated values, and they are brought down to the
desired values during calibration by experimentally
putting fixed resistors of higher value across them until
a resistor which causes the desired constant current to
be given for each range is found. A close tolerance test
resistor having a known value of 7 to 10Q, preferably
the latter, is required for the calibration process. Also
needed is a stock of fixed resistors for the experimental
shunting of R4, RS and R6 during calibration.

Due to the shunting effect of the meter, there will be
inaccuracies at the higher end of the 0-100€2 range. At

Sia COMPONENTS
Resistors
(All £ watt)
Ry R R1 33Q 10%
b 4 R2 39kQ 59, or better
S50 / INSI4 T+ 3 R3 120Q 59,
R4 10Q2 (see text)
P2 w S3 S3 positions RS 1000 (see text)
ThiLE pol o | O-la R6 1k (see text)
< 2 0-10a
- 8y R2 3 0-100a Semiconductors
: l 3v AW s TRI1 2N4126
CAl 1 TR2 AC128
l D1, D2 1N9l14
2R TR
S 14 ACI28 Switches
Raz w7 | Test Si(a)(b), S2(a)(b) 2 pole push-buttons, press to
oqéo \> terminals make )
S2b ' pA S3 Maka-Switch shafting assembly, with
. spacers and break-before-make 4-pole
] 3-way wafer
Meter
b M1 0-100pA meter, 38 Series (Henelec)
" Battery
cbe Bl 2-off Ul1 cells (Ever Ready)
2N4126  ACi28
Lead-outs Lead-outs Miscellaneous
2-off test terminals
Pointer knob
Fig. 1. The circuit of the low-value linear 2-off lin. Terry clips
ohmmeter 10-way groupboard
Case
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Batt.pos.
o —

Batt.neq.

Fig. 2, Layout of components on the 10-way
groupboard

worst, readings will be about 10% low for a test
resistance of 1002, The 0-100Q range is retained,
nevertheless, because the inaccuracies with test resis-
tances up to 50Q are reasonably acceptable and
resistances above this level fall into the accurate range
of most multimeters.

Depressing the ‘Battery Check’ button S2 places a
load of about 100mA across the 3 volt supply to
simulate operational conditions, and the battery
voltage is measured on the meter using R2 as a multiplier
to give an f.s.d. of 4 volts. An assessment of battery
condition can therefore be made ‘on load’.

CONSTRUCTION

Any form of construction can be used, and the
author’s unit was built in a ready-made aluminium box
using a small 10-way groupboard for the components.
The layout of this is illustrated in Fig. 2, and the front
panel is shown in Fig. 3. Because of the intermittent
nature of use and the relatively large cells employed
(two Ever Ready type U11) the battery life is very long.
For this reason it was decided to solder the cells into
circuit, using Terry clips to hold them in position.

It is recommended that the switch used in the S3
position should be an R.S. Components ‘Make-Switch’
type. Ordinary low cost ‘wavechange switches’ could
present a varying contact resistance and thereby affect
dccuracy. A single ‘Make-Switch’ wafer is required, this
being break-before-make 4-pole 3-way. Three of the
poles are unused. St and S2 are 2-pole push-buttons in
which both poles close when the button is pressed.
Alternatively, spring biased double pole toggle switches,
biased to ‘off’, may be employed.

The internal wiring in the unit, and particularly that
in the collector and emitter circuits of TR1, should be
made using relatively heavy wire. The wiring between
M1 and the test terminals could consist of § amp
mains cable.
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CALIBRATION

The unit is calibrated by first finding the constant
current required on the 0-10Q range and then setting up
R4 to give a constant current 10 times greater, and R6 a
constant current which is one-tenth of that given by RS.

Select the 0-10Q range, connect the known 10Q
resistor across the test terminals and press S1. The meter
should give a reading which is lower than full-scale
deflection. Experimentally apply higher value fixed
resistors across RS until one is found which causes the
meter to give an f.s.d. reading. Solder this resistor into
circuit across RS.

If the known test resistor used for calibration has a
value lower than 10Q, then R5 is adjusted to give the
corresponding reading in the meter. Should the resistor
be 8.2Q, for instance, then the corresponding indication
in the meter is 82uA.

Next, remove the known test resistor and disconnect
the collector of TR from the remainder of the circuit.
Connect a 1.5 volt cell and a multimeter switched to read
current to the collector of TR1 and the negative supply
rail in the manner illustrated in Fig. 4, then switch on
again at S1, and note the reading given in the meter.
This should normally be of the order of 8 to 10mA.
Switch the multimeter to a current range which will
enable it to read 10 times the present value, then set S3
to the 0-1Q range. With S1 pressed, but parallel
resistors, as required, across R4 until the multimeter
mdlcates a current 10 times that given on the 0-10Q
range. Solder in the parallel resistor.

Fina]ly, select the 0-100Q2 range by means of S3 and
experimentally put parallel resistors across R6 until the
meter reads one-tenth the constant current given on the
0-109 range. When the required value for the parallel
resistor has been found, this may be permanently
soldered into circuit.

Calibration is now complete. The multimeter and the
additional 1.5 volt cell are removed and the collector of

Fig. 3. A suitable front panel layout

TEST TERMINALS
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TR,

Break circuit
here

R3z e g
Sib
-5 Volt

cell’

Multimeter

Fig. 4. A multimeter and an additional 1.5 volt
cell are connected to the unit during calibration

TR1 is reconnected into circuit, as in Fig. 1. It is
desirable to have the additional 1.5 volt cell during
calibration because some lower cost multimeters drop
quite high voltages across their universal shunt circuits
when reading current, whereupon a supply of 3 volts
only could result in insufficient voltage being available
for the collector of TR1.

OPERATION

Connect the unknown resistance to the test terminals
and, with S3 in the 0-100Q position, press S1. If the
reading is greater than full-scale the resistance is larger
than 100Q or is, alternatively, an open-circuit. The use of
a conventional multimeter will decide which. If no
reading or a very low reading is obtained, switch S3
down a range and try again. If still no reading, or a low
one, is given, set S3 to the 0~1Q range and finally read
off the value.

If there is still no reading on the lowest range this will
indicate that the resistance is so low ‘as to be negligible,
almost a short-circuit in fact. With the prototype the
first indication on the unit is 0.05Q. It should be men-
tioned here that even a short-circuit across the test
terminals may allow a just discernable forward move-
ment of the meter needle to be given on the 0-1Q range.
This is due to the inevitable resistance between the
meter and the test terminals, and emphasises the
desirability of using thick wire in this part of the circuit.
The test terminals should be reasonably large types with
a threaded section which is 4BA or thicker in size, in
order to keep the circuit resistance to a minimum.

To test the battery condition, simply press switch S2
and read off the voltage, bearing in mind that meter
f.s.d. is 4 volts. The cells should be changed when they
-read lower than 2.6 volts.

Where possible, test resistances should be connected
direct to the test terminals, which must be screwed up
tight. Where this cannot be done, thick flexible multi-
meter-type leads can be connected to the terminals,
with their remote ends applied to the resistance being
measured. If this is very low, first find the resistance of
the flexible leads by short-circuiting their ends together,
then apply them to the resistance. The value of the
latter is then equal to the resistance indication in the
meter minus the resistance of the test leads. [ ]
JULY 1974

TRADE
NEWS...

CASSETTE STORAGE SYSTEM

Each Stak Pak in the Capitol Stak Pak system holds
two cassettes and is complete with sliding drawer, index
cards and title card for fronting the drawer. The
individual Stak Pak drawers link together by means of
slides, building into- a neat, compact and highly
efficient storage system that not only looks good, but
protects precious cassettes from damage or spoilage.
A chest of drawers in miniature.

Stak Pak containers can be purchased individually as
empty units for storage of existing tapes, or complete
with a pair of Capitol 2 iron oxide blank cassettes.

In empty form, Stak Pak is priced at 44p each or
£2.40 for six (+ VAT). Imported from USA by the sole
UK concessionaire, Musitapes (Wholesale) Ltd of 402,
Edgware Road, London W2 1ED, it is distributed to
the audio and Hi-Fi trade by that company, and to the
auto accessory and auto electrical trades by Musitape’s
newly formed specialist distribution company, M.I.M.A.
(Musitapes International Motor Accessories Ltd),
6 Stortford Road, Dunmow, Essex.
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ROM WHAT HAS BEEN WRITTEN IN
this journal to date on the subject

of communicating via OSCAR, most
readers will have gathered that some
form of directional beam aerial must
be used to aim signals at the satellite
to gain access to it. It will be recalled
that in the case of OSCAR 6, the one
in orbit at the time of writing, .trans-

mission to it is made in the 2 metre .

amateur band, and reception from it,
takes place in the 10 metre amateur
band.

At first, it was thought that a 10

metre rotational beam would be re-
quired 10 receive the aown link

signals, but experience has shown that
this is not necessary and that an
omnidirectional 10 metre receiving
antenna is quite adequate. (See,
“Listening to Oscar”, March 1974,
“R. & E. C., p. 490). In relation to
transmission however, particularly if
the transmitter is of limited power
output, a directional beam antenna is
a necessity. For this, some means of
. “‘orbit prediction” is required.

The mechanics of the problem are
briefly as follows.

The satellite is ejected into an orbit
in space from its launching vehicle,
and subsequently travels round and
round the earth, held in its orbital
path, by the force of gravity keeping it
towards the earth, and centrifugal
force, keeping it trying to fly outwards.
The balance of these two forces
primarily determines the character-
istics of its orbit.

Beneath this fixed orbit in space, the
earth rotates with its one revolution
per day. To an observer on the earth’s
surface, the orbit seems to be moving,
and each time the satellite comes up
over the horizon, it reappears some
distance further west than on its
previous orbit. The amount of this
apparent difference depends on how
fast the satellite is orbiting.

In the case of OSCAR 6, it does one
complete orbit round the world, ie.,
over the north pole, down over the
equator, under the south pole and
back up over the equator in approxi-
mately 115 minutes of time. The orbit
is actually not truely ‘polar’ in the
way suggested but is inclined at an
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angle of a few degrees to the equator.
During this time, a point on the
equator which was directly beneath
the satellite in its ascending path,
would be 28.8 degrees east of its first
position, as the satellite passes on its
way up and over the north pole. The
number of degrees is obtained by
dividing 360 degrees — the rotation of
the earth in 24 hours ~ by the fraction
of the orbit time — 115 minutes — of
24 hours.

So the first point to note is that the
satellite appears either east, or over-
head, or west of the observation site
each time 1t orbits in the vicinity, and
that with each successive orbit, it
appears to move 28.8 degrees of longi-
tude further west.

The actual track of the satellite, in
relation to places on the earth’s sur-
face, needs to be known, with some
degree of accuracy, if we are to be able
to direct our beam antenna at it. How
is this done? It is done by means of an
Orbit Predictor, and numerous forms
of gadgetry for doing this have been
devised. The one most commonly
used in this country is that described
by W. Browning, G2AOX, in his
booklet ‘“‘Keeping Track of Oscar”,
published by the RSGB and available
from them for 10 pence in stamps.
The construction of this is fully
described in this booklet and those
who wish to make one up for them-
selves, should get a copy. That made
up by the author is shown in the
accompanying illustration. As can
be seen, it consists of a map of the
world, of the northern half of the
globe, centred on the north pole,
extending down to the equator. The
track of OSCAR 6 is shown by the
curved cursor, which is pivoted at its

centre and rotates round the north’

pole. The degree of its curve is im-
portant and full instructions for
making it are given in the booklet.
The author made his from a length
of copper brazing rod, pulled into the
required curve by a length of thin
flexible wire (from twin fiex) and fixed
and soldered to make a permanent
joint. In this case, the cursor is
attached to the board by a short
length of screwed rod, fixed into the

TRACKING

By Arthyr C. Gee, G2UK

board and with a large terminal nut
fixing the pivot of the cursor. By just
releasing the nut, the cursor can be
twisted round and temporarily fixed
by retightening the nut.

. The cursor rod itself is divided into
57% equal parts — half of 115 — and
these divisions then represent one
minute of time each and thus indicate
the time taken by the satellite in its
passage in orbit. The writer found a
convenient way to make these division
marks, was to cut some insulating
tape into very narrow strips — about
+s inch — and then roll a short length
round the cursor rod. In this way,
they can be adjusted to fill the cursor
rod at equal distances. This takes
time and patience, but great accuracy
is not essential. It is a good idea to
make every S5th mark a different colour,
and every 10th one can be a different
colour as well; this helps in counting
the marks. Once the marks are in
their proper position, they can be
permanéntly fixed with a dab of
adhesive. A direction indicator to
indicate which way the satellite is
going, in the form of an arrowhead
of thin brass or plastic sheet, soldered
or cemented to the cursor rod, is also
needed, as shown.

The drawing of the map itsclf again
needs time and patience. If you do
not have an atlas with sufficient detail
of the northern hemisphere, you may
be able to borrow one from your local
library. It makes it easier to use a
map more or less the same size as
your predictor base board. You then
only have to trace the map on to
tracing paper, and then redraw this
back on to the predictor base board,
using carbon paper. If you cannot
find a suitably sized map, you will
have to do the best you can by
freehand.

The baseboard itself is made of ply-
wood, covered with a piece of thick
drawing board, the author’s being
20 inches square.

Once the map is drawn, the circum-
ference representing the equator is
divided into degrees of longitude.
The writer found a division iato 36
parts, representing 10 degrees of
longitude, quite a convenient arrange-
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ment. The next stage is the means
for obtaining information showing in
which direction to point the beam.

Centred on the point of our loca-
tion, another
circles is drawn, in the form of a
series of concentric circles. For con-
venience, these can represent distances
of 500 miles each, from our location.
As explained in W. Browning’s
booklet, the greatest distance likely
to be covered by the usually used 2
metre transmitter and rotary beam
aerial is 2500 miles, and so the con-
centric circles are drawn up to this
distance.

This circle is also marked up into
36 divisions, zero being at the top -
ie north — and 360 degrees being
marked round in the usual clockwise
manner. Each division then represents
10 degrees of a circle. These of course
are compass bearings.

It must now be becoming apparent
to the reader, just how to get the
desired direction of the beam.

Prediction charts are available from
numerous sources, giving the time each
orbit appears over the equator and
the longitude of this appearance.
From our prediction chart, we read
for instance that on 6th May, orbit
7115 will appear over the equator at
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‘“‘compass rose” of

1.8 degrees west (of our *“0” point
ie Greenwich Meridian) at 2055 hours
GMT. So we swing our cursor round
so that it registers with longitude 1.8
degrees West. We see however, that
we shall not hear the satellite until it is
within the 2500 miles range. So we
have to count up the minutes of time
from its appearance over the equator
to where it cuts our 2500 mile circle.
This we find to be S minutes. So we
add five minutes to our prediction
chart time, giving us 2100 hours
GMT. So if we turn our beam an-
tenna towards the point at which the
satellite cuts the 2500 mile radius at
2100 hours GMT, we should hear it
and be able to gain access to it. Our
beam will be directed in the right
direction. However, as the satellite
travels on its orbit, the bearing of the
beam for continued contact changes.
By counting up the minutes along the
cursor, a table can be drawn up
showing time against beam bearing.
In the example given, this would be
as follows :—

6th May, Orbit 7115. 2055 hrs
GMT. Long 1.8 degrees W.

Access of Signals + 5 mins.,
= 2100 hrs. Long 1.8 degrees cursor
cuts 2500 mile circle at 190 degrees
on the beam circle.

190 degrees @ 2100 GMT.
200

. @ 2102
210 . @204 .
20 . @206 .
230 . @2107
240 . @2108 .
250 . @2109 .
260 . @?2110 .
20 . @2111 .
280 . @212 .
20 . @2113 .
300 . @214 .
310 . @?2115 .
20 . @217 .
330 . @2119 .
40 . @222 .

At 2122 hours GMT, the satellite
passes over the 2500 mile radius circle
on a bearing of 340 degrees from the
location and is lost to reception, ie,

_“L.0.S.” — Loss Of Signals. In this

programme of,bearings, we have taken
the times for every 10 degrees of
bearing variation. It is not necessary
to go into quite such detail, perhaps,
with the average amateur beam
antenna, but it is a convenient way
to work things out. By altering the
beam heading every two or three
minutes or so, one can keep tracking
the satellite.

It will be appreciated that there is a
lot to do during an orbit! Tuning the
receiver, working the transmitter,
sending morse code - most trans-
missions via OSCAR are in this
mode — and keeping the beam rotating
in step with the changing times, one
can be assured of a pretty lively
session! Incidentally a digital display
clock is a great help in keeping the
beam in step with the changing time.

Prediction Charts from which the
basic information is obtained for
using this Predictor, are now being
published by numerous amateur radio
journals, month by month. Orbital
predictions are also given in the
RSGB’s News Bulletins given out
over the air from GB2RS at 0930
hours local time on 3600 KHz each
Sunday. The American amateur radio
magazine HAM RADIO issues a
nice booklet giving predictions up to
November 1974, and the OSCAR
NEWSLETTER produced by G3IOR
and G3WPO also gives prediction
tables. (See “R. & E. C.”” April 1974,
p. 536; ‘News and Comment’.)

The writer’s Orbital Predictor was
finished off by fixing a sheet of per-
spex over the map to afford protection,
by means of a series of large paper
clips as shown in the illustration. It
hangs on the wall where it can be
very conveniently seen and used.

The booklet, “Keeping Track of
OSCAR” from which all the details
for constructing the cursor, etc., can
be obtained, is available from the
RSGB, 35 Doughty Street, London
WCIN 2AE at 10 pence. [ |
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In your

—_—

work

There is, for once, a peaceful interlude in the

affairs of the Workshop, and Smithy takes advan-

tage of this to demonstrate to Dick the design

techniques employed in current low power a.f.
amplifier circuits

‘“ A H,” STATED DICK WITH SATISFAC-
tion, ‘“‘that should just about
see this job off.”

He carefully adjusted the last i.f.
transformer core in the medium and
long wave portable transistor radio on
his bench and then swung the tuning
control of his signal generator on
either side of the centre intermediate
frequency. The i.f. band-pass response
was nicely flat-topped and pleasingly
symmetrical.

“Yep,” continued Dick, warming
to his theme. ‘“This little set should
‘now be ready to give all it’s got.”

“You seem,” remarked Smithy,
from his bench on the other side of the
Workshop, “‘to be remarkably pleased
with yourself.”

COMPLEMENTARY OUTPUT
STAGE

“So I should be,” replied Dick
cheerfully, as he switched the set off
and disconnected the signal generator
output from it. “I've just beaten off
another assault by the Phantom
Fiddler!”

‘‘Have you?” queried Smithy, in-
terested. ‘‘We haven’t had much
trouble with him recently, have we?”

“He’s made up for it with this
radio,”’ stated Dick. “When it came in,
all the trimmers were screwed up tight
and all the coil and if. transformer
cores were miles out of position.”
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.~ “I wonder what makes people do
things like that,” mused Smithy. *““In
most cases, a transistor radio can go
through life with all its trimmers and
coil cores in just the same positions
that they had when the set left the
factory. Yet, when the set develops a
fault some ham-handed Henry gets
hold of it and adjusts everything that’s
adjustable in the fond hope that this
will clear the snag. In normal fault-
finding work there are quite a lot of
other things to look for before you
start playing around with trimmers and
coil cores.”

“True enough,” agreed Dick. ‘‘Any-
way, the actual fault in the set was dead
easy. The upper base bias resistor to
the second i.f. transistor had gone high
in value and it just needed to be
replaced.” (Fig. 1.)

“Good,” commended Smithy. ‘‘And
how did you find that?”

“By checking the emitter voltages of
the i.f transistors,” explained Dick.
“The a.f. stages seemed reasonably all
right because I could hear a slight
crackle as I turned the volume control
and there was a noticeable background
hiss at full volume level. So I thought
I'd just have a quick prod around in
the if. section. And straightaway I
found that there was hardly any
voltage at- all across the emitter
resistor of the second i.f, transistor. 1
then switched the set off, took a few
resistance measurements and located

‘amplifier transistors

the bias resistor which had gone high.”

“That was a good approach,” said
Smithy approvingly. *‘If there’s no
immediately obvious fault in these
transistor portables, it’s always a good
idea to check up on the voltages at the
transistors in the suspected stages.
Quite often you’ll be lucky enough to
find that it’s just a simple d.c. snag
which is causing the trouble. LF.
usually draw
something like 0.75 to 2mA or so, and
it’s easy to measure transistor current
by checking the voltage across the
emitter resistor. If you remember that
1mA through 1kQ gives 1 volt you can
quickly assess the current flowing in
any particular emitter resistor.”

“Exactly,” agreed Dick. “Well, I
replaced the faulty bias resistor, tried
the set out and then found it was right
out of alignment. So I went and got its
service sheet.”

Smithy’s eyebrows shot up.

‘‘Are you telling me,” he questioned
incredulously, *“‘that you actually went
of your own accord and without any
prompting from me to consult a
service sheet?”

“Of course I did,” replied Dick
carelessly. ‘I must admit that I don’t,
perhaps, use service sheets as often as
you’d like me to, but I felt that this was
a case in which it would be best to have
a look at the manufacturer’s data and
stuff. For a start, the i.f, transformers
were so badly out of bonk that I didn’t
have a clue what the correct i.f,
should be. Anyway, I got the i.f’s and

‘the signal frequency circuits all lined

up as per the service sheet, and I was
just giving the last i.f. transformer a

final tickle-up when you started
nattering to me.”
Supply —
Resistor 4
high In =27ka
value )

u: | T—(

i1}
2nd IF,
b transistor

%o-ozpr

560n

AAAA
AAAA
AAAAA

O-OZ;JFT 5-6kn

pe

Fig. 1. In the receiver serviced
by Dick the upper bias
resistor for the second if,
transistor had gone high in
value, Component values
here and in Figs. 2 to 7 are
representative of commercial
practice
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“Well,” commented Smithy. ‘“‘Seeing
that you’ve put so much work into that
set, I think I'll come over and see how
it performs.”

He placed his soldering iron on its
rest and walked over to his assistant’s
side. Eagerly, Dick switched on the
receiver, set the volume to a low level
and selected medium waves. He
adjusted the tuning knob over its
range. The receiver was very lively and
picked up the local stations and quite
a few other -transmissions as well.
Exultantly, Dick switched to long
waves, to find that the set continued to
give an excellent performance on this
band as well.

“How about that, then?”

“Very good,” remarked Smithy.
“Try it at a higher volume level.”

Dick tuned in a station and turned
up the volume. The reproduction was
acceptable in quality up to volume
levels of about a quarter of the
maximum to be expected from the
receiver. Above that level the sound
distorted badly.

ADJUSTABLE BIAS

Dick’s face fell.

“Darn it,” he snorted. “It looks as
though there’s still another snag in this
set.”
“It’s possible,” remarked Smithy
mildly, as he glanced at the circuit in
the receiver service sheet, “that our
friend the Phantom Fiddler has
messed up the a.f. section as well.”

“How could he do that?”

“There’s an adjustable component
in the a.f. amplifier stages which he
has probably spotted and you haven’t,”
stated Smithy. “If you look at the
circuit you’ll see that there’s a pre-set
8002 pot in the emitter circuit of the
transistor which precedes the driver
transistor.”

Smithy indicated the potentiometer
in question. (Fig. 2.)

“Blimey,” exclaimed Dick. ‘“What
does that do?”

“It sets up the voltage on the two
output transistor emitters,” said
Smithy. “In the absence of signal,
these emitters should be at or near half
the supply voltage, to enable them to
have maximum swing in the positive
and negative directions when they’re
handling a signal. That pre-set pot
sets up the collector potential of the
first a.f. transistor and, in consequence,
the base potential of the driver
transistor. This, in turn, controls the
collector potential of the driver
transistor and, as a result, the poten-
tial at the output transistor emitters.”

“Stap me,” said Dick. ‘““There’s
quite a chain of voltages there before
you get to the final one at the output
emitters. Well, let’s see if that pot has
been adjusted wrongly by our Phantom
Fiddler mate.”

Dick turned down the receiver
volume, switched his testmeter to its
0-10 volt range and clipped its test

leads to chassis and the junction of the
JULY 1974

-9V
100nZ
i | LS.
I5kn < 15n
- .
75knS 56003 ACIS4
<=Vl
5603 SESRESMREE
' 1 Earphone
Driver +
ACI55 transistor 4 R
Input _®—
O5aF ACII3
12kn
AW
800n J I
40 i00n =
HE T T T

A

Fig. 2. Typical a.f. amplifier circuit in which a pre-set variable
resistor is set up to give the required potential at the two output
transistor emitters

two 2.2Q current limiting resistors
between the output transistor emitters.
The testmeter needle indicated 8 volts.

“There’s the cause of your distor-
tion,”’ stated Smithy. ‘“Since the supply
voltage is 9 volts these output emitters
can only swing negative by 1 volt, after
which they clip the signal. What you
have to do now is to.adjust that pre-set
pot so that the output emitters are just
a little higher than 4.5 volts. Say, just
below 5 volts.”

“Why not have them exactly at 4.5

volts, Smithy?”
_ ““Because with this particular circuit
they can’t swing fully positive towards
the chassis potential,” replied Smithy.
“That’s because of the voltage dropped
across the emitter bias resistor for the
driver transistor. There’ll be about
half a volt dropped across that resistor,
and this will restrict the positive
excursion of the driver collector.”

Dick chucklied.

“I love that word ‘excursion’,” he
grinned. “Just when you're in the
middle of reading some dry old
technical article you bump into a
voltage ‘excursion’; and it raises no
end of mental images of coaches
coming back from Blackpool, all fuli
of people singing and crates of beer
and stopping at convenient fields every
half-hour or so!”

Smithy shuddered.

I prefer,” he remarked primly, “to

take my pleasures in a more restrained
manner. Anyway, let’s get back to this
radio and try the effect of adjusting
that pre-set pot.” )

Dick soon located the potentiometer
on the printed circuit board of the
receiver, and he adjusted it carefully.
The voltage indicated by his testmeter
reduced obligingly and he withdrew
his screwdriver from the potentiometer
when the testmeter indicated 4.8 voits.
He next unclipped the testmeter leads
and turned up the volume of the
receiver. The distortion at high volume
had now disappeared and the receiver
output had quite an acceptable quality
at this level.

“Well, that’s finally got this set
fixed,” he remarked happily. *“This
business of setting the output emitters
to half battery voitage by means of a
pot is a new one on me, though.”

“Actually,” remarked Smithy, *‘this
is a fairly old circuit and it was the sort
of thing that appeared in the earlier
sets having Class B output stages
without a.f. transformers. Later cir-
cuits haye automatic means of giving
half-supply voltage at the output
emitters and they don’t need any
setting up. Our present circuit does,
however, have the bootstrap coupling
back to the collector load of the driver
transistor which is a common feature
in the later versions.”

Smithy pointed at the components
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Fig. 3. lllustrating the bootstrap coupling to the upper end of the
driver transistor collector load

in question. (Fig. 3.)

“The driver transistor collector
load,” he went on, ‘‘is the 560Q
resistor going up to the lower side of
the speaker. This resistor couples to
the output emitters via the 200uF
electrolytic capacitor which feeds the
speaker, with the result that when a
signal causes the output ‘transistor
bases to go positive so also does the
top end of the 5600 resistor. The same
happens when the signal causes the
output transistor bases to go negative.
So, there is a signal at the top end of
the 560Q resistor which is nearly the
same as that at its bottom end. The
consequence is that, whilst the resistor
has quite a low value at d.c. and can
allow the driver transistor to have a
reasonably high collector current, its
effective value at a.c. is much higher,
whereupon there is a consequent
increase in the voltage gain offered by
the driver transistor.”

ALTERNATIVE CIRCUITS

“Blimey, that’s neat,” remarked
Dick. “Incidentally, I'see that there’s a
75kQ resistor from the lower side of
the speaker to the base of the driver
transistor. Is that a bootstrap connec-
tion, too?”’

. “Ohno,” said Smithy, “that resistor
Just gives negative feedback.”

Dick absorbed this information.

“What,” he resumed, ‘‘are those
other circuits you were talking about
in which the half-supply voltage at the
output emitters is given auto-
matically ?”’

“Half a tick,” said Smithy, “‘and I'll
show you.”
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He walked over to the filing cabinet
and selected a dozen service manuals at
random. He returned, placed them on

“J should,” he remarked, ‘“be able
to find a few examples of what I mean
amongst these. Ah, here we are!”’

Smithy opened out one of the
manuals and placed it on the bench
with the circuit uppermost. He
indicated its a.f. section. (Fig. 4.)

“Here’s an example of one very
common approach,” he stated. “The
output transistors are wired up in
much the same manner as in the last
circuit we looked at. In this case,
though, the two 2.2Q emitter current
limiting resistors are omitted, and this
is a feature you’ll find in the output
stage of quite a few portable transistor
receivers. Omitting these components
saves the price of two resistors and
means that a wee bit more of the
available audio power finds its way to
the speaker. On the other hand, the
lack of current limiting resistors means
that the two output transistofs are
more likely to burn out if, say, the
diode or other voltage dropping
component between the two output
bases goes open-circuit.”

Dick frowned.

“That looks as though you need to
take a little extra care in playing
around with the output stage if you're
doing any fault-finding there.”

‘““You do, rather,” agreed Smithy.
“Anyway, the two output transistors
are driven by a grounded emitter
driver transistor in the same way as in
the previous circuit, and there is the

Dick’s bench and started to look- same bootstrapping back to the top of
through them. the driver transistor collector load. The
-9V
= 68kn
) 560n =
#
4
| 680n Earphone
33kn = AN socket
= =
BC149 AC128 2004F
O-5pF
Driver
transistor > ACI87
10n ég
IopF B8 Z3%kn =8 300)F
5 E T

Fig. 4. A typical a.f. amplifier in which the potential at the output

emitters is governed by the base potential of the transistor preceding

the driver transistor. This transistor and the driver transistor are both

silicon types whilst the two output transistors in this example of the
circuit are germanium
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base of the driver transistor is fed by
the first transistor in the a.f. amplifier
section and the base of this first
transistor is held at a reference voltage
fairly close to half the supply voltage
by the potential divider given by the
68k and 39k} resistors.”

“‘But there’s a 33k resistor between
their junction and the base of the first
transistor.”

“There is,”” concurred Smithy, “‘and
that resistor is included to allow a.f. to
be fed into the base. The base current
required by the first transistor is-very
low and there will be only a small
voltage dropped across the 33kQ
resistor. Now {et’s look first at the d.c.
feedback loop in the circuit.”

“Come again?”

“The d.c. feedback loop,” repeated
Smithy patiently. ‘““The junction of the
two output emitters in this circuit
couples back to the emitter of the
first transistor via a 680Q resistor.
This gives d.c. negative feedback. If,
for any reason under no-signal
conditions, the output emitters try to
go positive they cause the emitter of
the first transistor to go positive, too.
If we say that, because of what is
nearly a fixed potential at the base, the
first transistor is now acting as a
grounded base device, its collector will
g0 positive also, as will the base of the
driver transistor. The driver transistor

is in the grounded emitter mode,
which means that its collector is out of
phase with its base, and its collector
goes negative. So also do the output
bases and emitters, thereby cancelling
out their original attempt to go
positive. If the output transistors try to
go negative the d.c. feedback loop
comes into operation again and the
collector of the driver transistor goes
positive to counteract the attempt.”

Dick looked keenly at the circuit.

“It’s easy to see how this works,” he
said excitedly. “The overall effect is
that the output emitters stay at a
voltage which is governed by the
voltage applied to the base of the
first transistor.”

“That’s right,” confirmed Smithy.
*‘The circuit stabilizes at a voltage on
the output emitters which allows just
sufficient base current in the first
transistor to keep it conductive. That
current is the base current required by
the driver transistor divided by the
current gain of the first transistor and
will probably be in the order of tens of
microamps. Since the first transistor is
a silicon type, its emitter will be 0.6
volt negative of its base. This fact,
together with the very small base
current it draws through the 33kQ and
39kQ resistors, explains why the lower
part of the potential divider is smaller,
at 39kQ, than the upper part, which is
68kQ. These values allow the half-
supply voltage to appear at the emitter
of the first transistor. So you’ve now
seen a circuit in which the output
emitters are automatically held at half
the supply potential by means of d.c.
negative feedback.”
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*“It’s quite cute, isn’t it?”’ remarked
Dick, as he continued to gaze at the
circuit. ‘“Here, hang on a minute,
Smithy! There are two components
you haven’t mentioned yet. There’s a
10Q resistor and a 300F capacitor.”

“I was wondering how long it
would be before you got round to
noticing those,” grinned Smithy. “Well
now, you’ve just seen that there is a
very high degree of d.c. feedback.
Without that 10Q resistor and 300pF
capacitor, there would be a similarly
high level of feedback at audio
frequency as well and the a.f. gain of
the amplifier would be very low indeed.
When the 10Q resistor and 300pF
capacitor are added. there is no change
in the d.c. conditions because of the
capacitor. At audio frequencies, how-
ever, the capacitor offers a very low
impedance, and the audio frequency at
the output emitters is applied to a
potential divider given by the 680
and 10Q resistors in series. In conse-
quence, only about one-seventieth of
the a.f. voltage at the output emitters
is passed back to the emitter of the
first transistor and this is a much
lower level of feedback than occurs
under d.c. conditions. The a.f. feed-
back is such that the amplifier will have
an overall voltage gain of about 70
times, this gain being governed by the
6802 and 1092 resistors.”

FORWARD VOLTAGE DROP

“Is this sort of circuit used a lot,
Smithy ?”’

“Oh definitely,” replied Smithy.
“Rough check, I'd say it’s the most
popular amongst set makers for low
power amplifiers. It doesn’t always
appear in exactly the form I've shown
you, of course, and there are quite a
few variations. You may find, for
instance, that the polarity of all the
transistors is changed and the upper
supply rail is positive instead of
negative. In some sets, too, you’ll find
a small capacitor in parallel with the
feedback resistor which goes from the
output emitters back to the emitter of
the first transistor. Also, the reference
voltage at the base of the first transistor
may be provided by two resistors only,
instead of the three resistors and the
electrolytic capacitor we saw in our
circuit.” (Figs. 5(a) and (b).)

“What would the capacitor across
the feedback resistor do, Smithy?”’

“It provides increased feedback at
the higher frequencies,” said Smithy.
“Normally, this would be to provide
treble cut. Despite their simplicity,
amplifiers of this type are capable of
offering quite good quality. There is
direct coupling throughout, from the
input base to the output emitters, and
there’s quite a reasonable level of a.f.
negative feedback. You can recognise
the circuit by looking for a resistor
going back from the output emitters to
tue emitter of the transistor which
precedes the driver transistor, and then
seeing if the base of that transistor is

held at around half-supply voltage by a
potential divider across the supply
rails.”

Added
capacitor

Feedback

resistor Qutput
First transistors
transistor y
"
(a)
Supply —
Reference =
voltage T
S
~a First
> it I transistor
Input

(b)

Fig. 5 (a). A capacitor may
be connected a-
cross the feedback
resistor of Fig. 4
in order to give
treble cut. A ty-
pical value is

2,000pF
(b). A potential divider
circuit simpler
than that shown
in Fig. 4 may be
used to provide
the reference base
voltage for the
first transistor

Smithy chose another service manuat
and indicated its circuit to his assistant.
(Fig. 6.)

“This isn’t the a.f. amplifier in a
radio,” commented Dick, surveying
the circuit critically. ““It’s the circuit of
a record player amplifier.”

“That’s right,” agreed Smithy. “The
basic circuit is used fairly frequently in
small amplifiers powered by the mains,
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Fig. 6. A basic a.f. amplifier cicuit encountered in mains-driven
record players. In this version the first transistor and the driver
transistor are silicon and the output transistors are germanium

and it employs quite a different
approach towards having the output
transistor emitters at half-supply
potential. To start off with, the first
transistor is an emitter follower,
whereupon the input is at a high
impedance. Also, the first transistor
and the driver transistor are silicon
types.”

“Where’s the d.c. feedback resis-
tor?” asked Dick. “The only resistors
I can see going back to the input are
the 100kQ and 22k ones between the
output emitters and the bottom of the
volume control.”

“Forget about them for the
moment,” advised Smithy. ‘“‘And have
a look at the two 820kQ resistors from
the lower side of the speaker going
back to the base of the first transistor.
Now, the lower side of the speaker is
-at the same potential as the output
emitters so far as d.c. is concerned,
whereupon we have a potential
divider set up between this point and
chassis. The upper section consists of
the two 820kQ resistors in series and
the lower section consists of the 180kQ
resistor between the input base and
chassis.”
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_Smithy traced out the potential
divider with his finger. (Fig. 7.)

» To speaker
$820kn
1640kan
£820ka
1820kn To bade
» of first
transistor
= 180kn

P

Fig. 7. The potential divider
given by the two 820k0 and
the 180kQ resistors of Fig. 6.
About one-tenth of the volt-
age on the speaker is applied
to the base of the first
transistor

“Now,” he went on, ‘‘since the
input transistor and the driver tran-
sistor are both silicon types, each has a
forward voltage drop of about 0.6 volt
across its base-emitter junction. The
circuit then . stabilizes when the
voltage applied to the base of the input
transistor is about 1.2 volts positive of
chassis.”

“I think I can see what happens
here,” said Dick, frowning. ‘“The upper
arm of the potential divider is twice
820kQ which is 1,640kQ and the lower
arm is 180kQ. This means that about
one-tenth of the voltage on the lower
side of the speaker will be applied to
the base of the input transistor.”

“Which is,” broke in Smithy, *‘the
same as saying that the voltage on the
lower side of the speaker will be about
10 times that on the input transistor
base. In consequence, the circuit will
stabilize when the voltage on the lower
side of the speaker is approximately 10
times 1.2 volts, or 12 volts, which is
just half of the 24 volt supply. Actually,
the voltage may be a little higher in
order to allow sufficient bias current
to flow into the input base to keep the
input transistor conductive. This bias
current will be quite small, as with the
other circuits we have looked at,
because of the current gain provided
by the input transistor and the
grounded emitter driver transistor
which follows it. The driver transistor
gives phase reversal and so the feed-
back is truly negative. If the output
emitters try to go positive, so also do
the bases of the input and the driver
transistors. The collector of the driver
transistor then goes negative to
counteract the change.”

“Why,” asked Dick, “is there a
0.1uF bypass capacitor at the junction
of the two 820kQ resistors?”

“To remove any a.f. which may be
present at the lower side of the
speaker,” replied Smithy, ‘“The 200uF
electrolytic going down to chassis
won’t completely remove all the a.f.,
and particularly not bass frequencies,
and the 0.1uF capacitor prevents these
getting back to the base of the input
transistor.”

“I suppose,” remarked Dick, “‘that
the 100kQ and 22kQ resistors I

-thought provided d.c. feedback are

actually the a.f. feedback
ponents.”

“That’s right,” confirmed Smithy.
‘“They form another potential divider
in company with the 2.7kQ resistor at
the bottom of the volume control. An
interesting feature of the circuit is that
a.f. negative feedback increases as
volume is reduced,”

Smithy put the service manual to
one side and took up another one.

“Now here,” he chuckled, “is a
really simple circuit. Have a look at
this one.” ;

Smithy indicated the citcuit dia-
gram. (Fig. 8.)

“Now, you couldn’t,” he continued,
‘“have anything simpler than that,
Since the two output transistors are
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Fig. 8. A very simple driver and complementary output stage. This is
employed in the Bush DC70 tape and disc player

emitter followers, the d.c. conditions in
the circuit are pretty well the same as
in a grounded emitter amplifier where
the base bias resistor is taken from the
collector.”

“There doesn’t,” remarked Dick,
‘‘seem to be any circuit arrangement
which will cause the output emitters to
be exactly at half-supply voltage.”

“Well,” said Smithy, “‘there isn’t as
precise a degree of voltage control as
in the previous circuits we’ve seen.
Nevertheless, the circuit still settles
down with a voltage at the output
emitters which is approximately equal

“to half-supply voltage. This voltage
will change somewhat for different
values of current gain in the driver
transistor, but the component values
are such that these changes will not be
excessive over the spread in this
transistor.”

NEW RECEIVER

“These various a.f. amplifier and
output stages are really interesting,
aren’t they, Smithy?”

*“They are,” agreed the Serviceman.
“And they’re all nice and easy to
understand once you've picked up
their basic modes of operation. Oh
well, I suppose I'd better get back to
my own bench now.”

Smithy gathered up the service"

sheets, returned them to the filing
cabxpet, then went back to his bench.
JULY 1974

Dick carried the transistor radio to
the ‘Repaired’ rack. Surveying the
remaining receivers in for repair, he
selected an impressive portable which
boasted medium and long wave bands,
two short wave bands and a v.h.f.—f. m.
band. As he carried it over to his
bench he noticed a mechanical rattling
from its interior. Perplexed, he put the
radio on his bench, removed its back
and held it with the front panel

- upwards.

Eleven iron-dust cores rolled out.

*‘Oh no,” groaned Dick.

Feverishly, he picked up his screw-
driver and located the various aerial
and oscillator trimmers inside the set.
There were eight of them. And they
were all screwed up tight.

*“This just can’t be true,” he moaned.
“Not two sets in a row.”

He turned round, to see the Service-
man, who had been attracted to his

side by the sounds of woe and who had.

watched him checking the trimmers.

Smithy leaned forward and peered
at the dislodged dust cores and the
maladjusted trimmers. y

*“This is Fate, Dick,” he declaimed
in a sepulchral tone. “You just cannot
fight against it.”

He pointed dramatically at the
receiver, while Dick watched him
open-mouthed. )

**And there’s your evidence,” Smithy
intoned thunderously. “The Phantom
Strikes Again!” [ |

Your Local Supplier

LONDON
THE

MODERN BOOK CO.

Largest selection of English &
American radio and technical
books in the country.

19-21 PRAED STREET,
LONDON, W2 INP
Tel: 01-723 4185/2926

ST. HELEN'S RADIO

Hi-Fi EqQuipment
Tape Recorders
Radio Receivers

Television
SPECIALISTS IN RADIO
& ELECTRONIC TEXTBOOKS

ST. HELENS GARDENS
LONDON, W:10
Tel: 01-969 3657

100W TRANSFORMERS
KT88 OR SIMILAR

PRIMARY: 4.5kq) A-A ULTRA
LINEAR (43% TAPS).
SECONDARY: 0-3-8-150).
THEY ARE LAYER-WOUND ON
GRAIN ORIENTATED
LAMINATIONS
WITH FREQUENCY RESPONSE
OF 20Hz-20kHz (-3dB)

ONLY £11 EACH inc.P. & P,

MASTER SOUND
56 Ashford Road, Cricklewood
London NW2 6TT.

HAMPSHIRE

BOURNEMOUTH

LARGEST HI-FI AND
RADIO COMPONENT
STORE IN THE SOUTH

FORRESTERS NATIONAL
RADIO SUPPLIES LTD.

70-72 Holdenhurst Road
Bournemouth
Telephone 25232

763



Your Local Supplier

SURREY I
WITWORTH
TRANSFORMERS
TV Line out-put transformers
Manufacturers of the largest range in

the country. All makes supplied.

Modern
BAIRD. BUSH, GEC, PHILIPS
Replacemerit types ex-stock.
For "By-return” service, contact
London 01-948 3702

Tidman Mail Order Ltd., Dept. R.C.
236 Sandycombe Road,
Richmond, Surrey TW9 2EQ

Callers welcome,

SUSSEX

E. JEFFRIES

For your new television set

tape recorder, transistor radio
and hi-fi equipment

PHILIPS, ULTRA, INVICTA
DANSETTE, MASTERADIO, PERDIO,
MARCONI, PHILCO FIDELITY

6A Albert Parade
Victoria Drive,
EASTBOURNE SUSSEX

HI-FIDELITY

Large demonstration room, Sony, Trio, KEF, B & 0,
Sanys, BSR, Teshiba, Goldring, National etc.

TAPE RECORDERS

SoNy, Revox, Yandberg, B & .:0
specialists. Cassette and 8-track

ELECTRONICS

All_component parts, cartridges,
stytll, radios, Seif Bulld Kits, Disco-
Qroup and P.A. Equipment.

Norman H. Field
ALBANY HOUSE.HURST STREET,
B'HAM B54BJ. Tel.021-622 2323
Specialist Repair Service

EIRE

PEATS for PARTS

ELECTRONIC COMPONENTS
RADIO & TELEVISION

For the convenience of Irish
enthusiasts we supply
Radio & Electronics
Constructor
Data Books and
Panel Signs Transfers
Also a postal service

Wm.B. PEAT & Co. Ltd.

28 PARNELL STREET
DUBLIN 1
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TRADE NOTE

60 MINUTE
TIMER

One of a range of new electronic timers available from Controls and
Automation Ltd, This particular model offers timing periods up to
30 minutes

The photograph shows one of a new
range of plug-in long delay electronic
timers designed and manufactured by
Controls and Automation, Ltd. These
are now available with short delivery
times.

The timers, one version of which

offers delays of up to 60 minutes, can.

be fitted to either a standard plug-in
base having soldered connections or
one with terminal screws. They may be
used with supplies of 440, 240 or 115
volts a.c. at 50 to 60Hz, or with
supplies of 12 to 24 volts a.c. or d.c.

Delay times beyond 5 minutes are
controlled by a seif-oscillating circuit
in conjunction with a counter chip. To
achieve high repeat accuracy, an
additional semiconductor circuit com-
pletely discharges the tantalum timing
capacitor when the unit resets. This
technique enables repeat accuracy to
be held within very fine limits irres-
pective of the frequency of operation.

Further details may be obtained
from Controls and Automation Ltd.,
Regal House, 55 Bancroft, Hitchin,
Herts, SG5 1LL.

RADIO & ELECTRONICS CONSTRUCTOR



SMALL ADVERTISEMENTS

Rate: 4p per word. Minimum charge 60p
Box No. 10p extra.

Advertisements must be prepaid and all copy
must be received by the 4th of the month for
insertion in the following month’s issue. The
Publishers cannot be held liable in any way
for printing errors or omissions, nor can they
accept responsibility for the bona fides of
advertisers. (Replies to Box Numbers ‘should
be addressed to: Box No. . Rudio und
Elccironics Constructor 57 Maida Vale, London,
W9 1SN

MINI MAINS TRANSFORMERS. 30 x 30 x 37mm. Cool,
quiet, British. Pri: 220/250V. Type MT3, 3-0-3V rms,
300mA, £1. MT7, 7-0-7V, 120mA, £1. VAT included. Use
MT3 for 3V or 6V rectified d.c, MT7 for 9V or 18V.
Circuits supplied. Mail order only. U.K. post Sp per order.
Amatronix Ltd., 396 Selsdon Road, -South Croydon,
Surrey, CR2 0DE.

SERVICE SHEETS for Televisions, Raaios, 1ransistors,
Tape Recorders, Record Players, etc., from 5p with
free Fault Finding Guide. Over 10,000 models available.
S.A.E. enquiries. Catalogue 20p and S.A.E. Hamilton
Radio, 47 Bohemia Road, St. Leonards-on-Sea, Sussex.
Telephone Hastings 429066

'CATALOGUE NO. 18,, containing credit vouchers
value 50p, now available. Manufacturers new and
surplus electronic and mechanical components, price
23p post free. Arthur Sallis Radio Control Ltd., 28
Gardner Street, Brighton, Sussex.

BURGLAR AND FIRE ALARMS. Professional Control,
Detection, and Warning equipment supplied — or advice.
1974 Catalogue 25p. CASTLE ALARMS, P.O. Box
WO6, Windsor, Berks.

WORLD RADIO TV HANDBOOK 1974 £3.1S. HOW TO
LISTEN TO THE WORLD £2.00. Postage and VAT included.
David McGarva, PO Box, 114, Edinburgh, EH1 IHP.

UNIQUE' VHF KITS, 80 - 180 MHz. Receiver, tuner,
converter. World wide sales. £4.50p. S.W. Kits also
available. ‘S.A.E. for literature. Johnsons (Radio. C),
Worcester, WR1 3QQ.

WANTED PURCHASE OR LOAN: Circuit and data of
JASON J2-10 Stereo Amplifier. Box No. G230.

BUILD IT in a DEWBOX robust quality plastic cabinet
2in. x 24 in. x-any length. S.AE. for details. D.E.W,
Ltd., 254 Ringwood Road, Ferndown, Dorset. Write
now - right now.

CHROMASONIC ELECTRONICS. New list 10p, post free.
Data Dept., 56 Fortis Green Road, L:ondon, N10 3HN.

FOR SALE: Avometer Model 8, completely overhaﬁ]ed,
£28.50. TS60R Multimeter, £3.00. Box No. G231.

BUILD THE MULLARD C.C. TV CAMERA. Complete
kits now available from Crofton Electronics. Send | ge
s.a.c. for details to: 15-17 Cambridge Road,’ Kingstbn-

- Upon-Thames, Surrey. Reply by post. No callers please.

MAGNIFIERS, ideal for wiring printed circuit boards, etc.
4~ dia. lens on flexible adjustable arm and heavy base @
£4.50, also Binomag headband magnifier @ £5.70.
Available by post from Revor Optical & Technical,
36 Baker Street, London WiM 1DG.

WANTED: Portable oscilloscope, walkie talkies and
communications receiver. FOR SALE: Overhauled Avo 8,
£25.00. Factory reject 2 band radios, £2.00. 6 in. dia.
meter, £3.00. Box No. G232.

(Continued on page 767)
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BENTLEY ACOUSTIC CORPORATION LTD.

All prices inclusive of V.A.T.
The Old Police Station, Gloucester Road, LITTLEHAMPTON Sussex. PHONE 6743
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All goods are unused and boxed, and subject to the standard 90-day
guarantee. Terms of business: Cash or cheque with order only. Despatch
charges:- Orders below £5, add 10p per order up to three items, each addi-
tional item 3p extra. Orders between £5 and £10 add 25p total. Orders over
£10 post free. Same day despatch. Terms of business available on request.
Any parcel insured against damage in transit for only 3p extra per order.
Please enclose S.A.E. with all correspondence.

ENGINEERS

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

Do you want promotion, a_ better job. The B.I.LE.T. guide to success should be
higher pay? “'New Opportunities’ shows  read by every ambitious engineer,

you how to get them through a low-cost Send for this helpful 76 page FREE book
B.LE.T.homestudy course. There areno  now. No obligation and nobody will call
})ooks to buy and you can pay-as-youe on y?‘u‘_‘ 1t could be the best thing you
earn. ever did.

BB ECUT OUT THIS COUPON 1 IIN IS Bl
CHOOSE A BRAND NEW FUTURE HERE!

Tick or stale subject of interest. Post to the address below.
Computer Building O RADI Garage Man. [
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NEW STYLE
SELF-BINDER

for “Radio & Electronics
Constructor

The “CORDEX"” Patent Self-Binding
Case will keep your issues in mint
condition. Copies can be inserted or
removed with the greatest of ease. Rich
maroon finish, gold lettering on spine.

Specially constructed Binding Cords are made
from Super Linen of great strength, very hard
twisted and twice doubled. They are attached
to strong RUSTLESS Springs
under tension, and the method
adopted ensures PERMANENT
RESILIENCE of the Cords. Any
slack that may develop is
immediately compensated for
and the Cords will always
remain taut and strong. It is
impossible to overstretch the
springs, as a safety check
device is fitted to each.

PRICE 9 0 n P. & P. 14p

including V.A.T.
Available only from:—

Data Publications Ltd.
57 Maida Vale London W9 ISN
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AR-2020
Quadraphonic Receiver

Ultrasonic Cleaner GD-1150

Small Engine Tune-Yp Meter
CM-1045

there’s always
something new

from Heathkit

Handcrafted electronics with kit savings and plus values.
Whatever your requirements ... Quadraphonics, Calculators,
Digital home electronics, Ultrasonics, Automotive testers, etc.,
we offer something for every interest —every walk of life.

Want to know more? Read all about the wonderful world
of Heathkit electronics in the FREE Catalogue.

Free

=

Please send me the FREE Heathkit Cata- \
logue & details of Monthly budget plans.

NAME

ADDRESS -

HEATH (GLOS.) LTD. DEPT. REC/6/74

HEATH .
Bristol Road,

L Sl T o= g @l Gloucester GL2-6EE

SHOWROQM LONDON:- 233 Tottenham Ct. Rd.
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SMALL ADVERTISEMENTS
(Continued from page 765)

HARDWARE SUPPLIES. Sheet aluminium, screws, nuts,
washers, etc. Fascia panels in aluminium, individual
requirements. Printed circuit boards, one-off or small runs,
individual and for patterns published in this magazine.
Send 10p for list. Ramar Constructor Services, 29 Shel-
bourne Road, Stratford-upon-Avon, Warwicks. CV37 9JP.

FOR SALE: Ferranti silicon solar cells type MSIB, 25p.
Mains transformers, 13-0-13V, 100mA, 75p; 20-0-20V,
1.5A, £1.00. Box No. G233,

PSYCHEDELIC DISCO LIGHTING. 3 channel 3kW
sound to light control unit, £24.50. Light bank including
3 reflector lamps, £8.50. Fantastic strobe effect flashing
fluorescent lights for use on above control unit, 2 ft. £15,
4 ft. £18 including coloured tube. Bellard Electronics,
Bellard House, Bellard Drive, Chester.

CASSETTE LIBRARY! Ample range. Special mail order.
Free catalogue. Elric Lee, TTM P.O. Box 311, Hong Kong.

FOR SALE: Raven Flight Electronics Multi-channel radio
control transmitter and matching reed R/C receiver, £12.
S.A.E. for details. Box No. G234.

SUPERB INSTRUMENT CASES by Bazelli, manufactured
from heavy duty PVC faced steel, choice of 70 types, send
for free list. Bazelli Instrument Cases, Dept. 26, St.
zVLi’II‘frid’s’ Foundry Lane, Halton, Nr. Lancaster, LA?2

FM RADIO Transmitter Modules complete with microphone
and battery. Four simple connections only required.
Return of post delivery. £4.50. E.E.S. Ltd., The Airport,
Exeter, Devon.

NEW COMPONENTS BY 1ST CLASS POST. 2N3055,
40p. Fibre glass board, D.S. copper, size 9”7 x 47, 20p.
Resistors, 1W, 59,220 to IMQ, 40p per 50, 80p per 100,
ANY MIX. 400mW zeners, (voltage) 4.7, 5.6, 6.8, 7.5,
82, 9.1, 10, 11, 12, 13.5, 15, all 10p each. 1.5 Amp.
rectifiers, Sil. plastic, 100 p.i.v., 9p, 400 p.i.v. 10p, 800 p.i.v.
12p. Tantalum bead capacitors, (mF/V) 0.1, 0.22, 0.47,
1.0, 2.2, 4.7, 6.8, /35V, 10/25V, 22/15V, 33/10V, all 9p
each. Prices include V.A.T. P. & P, 8p. B.T. ELECTRON-
ICS, 200 Melton High Street, West Melton, Nr. Rother-
ham, Yorks.

FOR SALE: Polarised relays, suitable for RTTY terminal
units. £1.00. Box No. G235.

WANTED. Early radio books, prior to 1925. Box No..G236.

JOIN THE INTERNATIONAL S.W. LEAGUE. Ffree
services to members including Q.S.L. Bureau, Amateur
and Broadcast Translation, Technical and Identification
Dept. - both Broadcast and Fixed Stations, DX
Certificates, contests and activities for the SWL and
transmitting members. Monthly magazine, Monitor,
containing articles of general interest to Broadcast and
Amateur SWLs, Transmitter Section and League affairs,
etc. League supplies such as badges, headed notepaper
and envelopes, QSL zards, etc., are available at reasonable
cost. Send for League particulars. Membership including
monthly magazines, etc., £2.00 per annum. (UK. and
British Commonwealth), overseas 6 Dollars or £2.50. Sec-
retary ISWL, 1 Grove Road. Lydney. Glos., GL15 5JE.

TRANSISTORS, 2N2926, unused, tested, 9p each. SpP. & P.
39 Burnetts Road, Windsor, Berks., S1.4 SPL.

FOR SALE: 9.5mm Pathe cine camera. £7.50. Box No. G237.

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. Felephone: 01-407 1495,

(Continued on page 769)
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ESSENTIAL

BOOKS!

MOBILE RADIOTELEPHONE EQUIPMENT HANDBOOK. Gives
circuits, data and illustrations plus some valuable modifications for

use for co ial radi e equipment inctuding PYE and
other popular makes. This impression is being printed at the moment and
should be availabte in August. Price £4.75. p.p. 35p.

HOW TO MAKE 2 & 4 METRE CONVERTORS FOR AMATEUR
USE. Being printed. 65p, p.p. 15p. Available early August.

THE GOVERNMENT SURPLUS WIRELESS EQUIPMENT HAND-
BOOK. Gives circuits, data, and iHustrations plus vaiuable information for
British/USA ivers, transmitters, trans/receivers. With modifications to
sets and test equipment. £3.25, p.p. 36p.

DIRECTORY OF GOVERNMENT SURPLUS WIRELESS EQUIP-
MENT DEALERS. Gives details of surplus wirsless equipment stores and
dealers including addresses plus equipment and spares that they are
likely to have available. A valuable book. Only 50p, p.p. 10p.

GETTING THE BEST FROM YOUR COLOUR TV. R. Maude.
T.eng (CEl), FSERT, AMRTS. Essential advice for colour TV engineers,
owners. Could save you pounds. Size 97 x 7 in true colour. Just published.
50p, p.p. 10p.

THE THEORY OF GUIDED ELECTROMAGNETIC WAVES. The
most comprehensive book yet written about waveguides, transmission
lines, cavity resonators. Over 500 pages. |deal for anyone interested in
Radar and UHF. Published at £11.50. Special offer of £4.50, p.p. 50p.

THE SCATTERING AND DIFFRACTION OF WAVES. A goldmine of
information for the experimenter, amateur and scientist. profusely
illustrated. Published by Oxford University Press at £1.60. Special price
80p, p.p: 26p.

HANDBOOK OF SATELLITES AND SPACE VEHICLES. A working
handbook that provides important data both tabular and graphical
enabling space scientists, hnici [ lication engineers
to acquire a greater working knowledge of satellite and space vehicle
design, launching, orbiting, etc. Includes a detailed coverage of SPACE
COMMUNICATIONS. An imposing book of 457 pages. Published at
£8.20. Special price £6.50, p.p. 50p.

PRINCIPLES OF ELECTRICITY & MAGNETISM. (Page & Adams).
A handbook of electricity and magnetism for the student, electronics
engineer and technician who wishes to improve his knowledge of the
subject. 532 pages. Published at £4.50. Special price £2.50, p.p. 35p.

HI-FI P.A. GUITAR AND DISCOTHEQUE AMPLIFIER DESIGN
HANDBOOK. Includes circuits up to 1100 watts, output, tremolo,
vibrato, fuzz box etc. 75p, p.p. 15p.

A DICTIONARY OF SCIENTIFIC UNITS. An interesting little book
that lists and defines units in alphabetical order and gives the origin of
each unit including literature references. An important reference book for
students and technicians. Includes units that are being used in the
Common Market and throughout the world. Price 50p p.p. 10p.

Dept. R.C. GERALD MYERS (Publisher & Bookseller).
MAIL ORDER AND CALLERS TO

138 CARDIGAN RD., HEADINGLY, LEEDS 6, Yorks., England.

SYNTHESISER
MODULES

Voltage-controlled modules for synthesiser construction and__
other musical MIRACLES!| Catalogue 15p. D.EW. Ltd., 254
Ringwood Road,-Ferndown, Dorset.

C AND G EXAM
Make sure you succeed with an ICS home study course for C
and E Electrical Installation Work & Technicians Radio/TV/
Electronics Technicians. Telecommus Technicians and Radio
Amateurs.

COLOUR TV SERVICING
Make the most of the current-boom! Learn the techniques of
servicing Colour and Mono TV sets through new home study
courses, approved by leading manufacturers.

TECHNICAL TRAINING

Home study courses in Electronics and Electrical Engineering,
Maintenance, Radio, TV, Audio, Computer Engineering and
Programming. Also self-build radio kits.

Get the qualifications you need to succeed. Free details from:

INTERNATIONAL CORRESPONDENCE SCHOOLS
Dept. 733S Intertext House, London SW8 4UJ.
Or phone 01-622 9911
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PLAIN-BACKED
NEW STYLE SELF-BINDERS

The “CORDEX” Patent Self-Binding i
Case wil keep your copies in mis 101 yOUr other magazines
condition. Issues can be inserted or (max. format 74" x 91")
removed with the greatest of ease. ' .
Specially constructed Binding cords are
made from Super Linen of great strength,
very hard twisted and twice doubled.
They are attached to strong RUSTLESS
Springs under tension, and the method
adopted ensures PERMANENT RESILI-
ENCE of the Cords. Any slack that may
develop is immediately compensated for,
and the Cords will always remain taut
and strong. It is impossible to over-
stretch the springs, as a safety check
device is fitted to each.

PRICE 85p P. & P. 14p

; ! COLOURS: MAROON OR GREEN
including V.A.T. . g ! :
Available only from:— ()f choice not stated, colour available will be sent)

Data Publications Ltd. 57 Maida vale London W9 1SN
SMALL ADVERTISEMENTS

Use this form for your small advertisement
To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London W9 1SN
Please inseirt the following advertisement in the ............ issue of RADIO & ELECTRONICS CONSTRUCTOR'

— |

|

|

15 words at 4p
= 60p.

ALL WORDING

IN
BLOCK LETTERS
'PLEASE
| enclose remittance of............... being payment at 4p a word. MINIMUM 60p.
Box Number, if required, 10p extra.
INAMIES 5 e i i ey e B i BT o e - A o S iy
ADDRESS

Copy to be received four weeks prior to publication. Published on the 1st of every month.
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SMALL ADVERTISEMENTS
(Continued from page 767)

WANTED: Heathkit RG-1 receiver. Preferably with crystal
calibrator and manual. R. G. Privett, 21 Farm Drive,
Shirley, Croydon, Surrey.

UNMARKED TESTED TO3 2N3055 15p. 100 unmarked
BZY88 50p. 400 p.i.v. SA scr’s (EX-EQPT), 30p. 50 un-
marked BC107/8/9 transistors 50p. 50 unmarked 2W
zeners 50p. J. Fulton, Derrynaseer, Dromore, Co. Tyrone,
N. Ireland.

FOR SALE: Radio Constructor August 1963 to July 1972.
Mint condition. Weight about 30 Ibs. Best Offer. Box No.
G238.

RESISTORS: Precision 1W 29, 1k, SW 1% 240K — 5p;
carbon 2W 29% 10k, 20k, 1% 8.2k - 2p; IW 5%, 300k,
390k, 30k — 1p; 1W 2% 479, 820Q, 1609, 2.7k, 8.2k — 2p:
W 2% 15k, 22k - 1p; tW 5% 56Q, 68k, 300k — Ip.
John Legg, 44 Lansdowne Road, West Ewell, Surrey,
KTI19 9QL.

WORLD DX CLUB covers all aspects of SWLing on
Amateur and Broadcast Bands through its monthly
bulletin “‘Contact”. Membership costs £1.60 a year.
Enquiries to John Rush, 12 Northfield Road, Thatcham,
Berks.

FOR SALE: Philips rear projection lens box and good tube
etc. Also Mullard EN91 valves. Box No. G239.

WHEN YOU NEXT WRITE to your DX contact, send your
73’s on private note heading. 100 sheets 8 in. x 64 in.,
£1.25p. C.W.0. Mavis Enterprises, 41 Collins Road,
Wednesbury, Staffs. Telephone: 021-556 1859 (24 hour
_answering service).

VALVES, VALVES, AND MORE VALVES. Many types,
1930 to 1974. S.A.E. for quotation. List 10p. Cox Radio,
The Parade, East Wittering, Sussex.

WEST AFRICA. Old established company seeks electronics
agencies. Reply to: T. Carion, M.Sc., Service Manager,
Sollinger & Cie., Km. 2.5 Route de Rufisque, Dakar,
Senegal. Telephone: 361.04.

CAN ANYONE HELP? Radio Constructor for March 1962.
Wanted to buy or borrow. Bull, 17 Winslow Green,
Chaddesden, Derby.

FOR SALE: Eddystone 840A receiver, Truvox R92 re-
corder, Wavemeter RS502. Offers? Short, 5 Clayford
Avenue, Ferndown, Dorset.

SELENIUM SOLAR CELLS, 12p. IN4007 diodes 6p.
10 plastic unmarked untested 2N3055 50p. PP3 batteries
7p. 100" insulated copper aerial wire 50p. 10 unmarked
untested 2N3819 type fets 50p. J. Fulton, Derrynaseer,
Dromore, Co. Tyrone, N. Ireland.

PERSONAL

JANE SCOTT FOR GENUINE FRIENDS. Introductions
to opposite sex with sincerity and thoughtfulness. Details
free. 3p stamp to: Jane Scott, S0/CON Maddox Street,
London WIR OLY.

ELECTRONICS MEN. You are worth more than a measly
£40 or £50 a week. Much more. And you do not need to be
highly qualified. Last year I earned £3,600 for six months
work. The other six months I had off. My booklet will tell
you how I started and how you too could do similar if not
better. No selling and no capital outlay except the price of
the booklet. It's 43p from Alben, Mill Lane, Acle,
Norwich, Norfolk, NOR 60Z.

(Continued in next column)
JULY 1974

(Continued from previous column)

SPONSORS required for exciting scientific project. Norwich
Astronomical Society are building a 30" telescope to be
housed in a 20’ dome of novel design. All labour being
given by volunteers. Already supported by Industry and
Commerce in Norfolk. Recreational. Educational. You
can be involved. Write to: NAS Secretarv. The Manse.
Back Lane, Wyvmondham, Norfolk.

MAKE NEW FRIENDS! The exciting reliable way. All
areas, all ages. Write: S.I.M. Computer Dating (REC),
109 Queens Road, Reading, Berks.

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk
Broads, why not help to preserve these beautiful water-
ways. Join the Broads Society and play your part in
determining Broadlands future. Further details from:-
The Hon. Membership Secretary, The Broads Society,
“Icknields", Hilly Plantation, Thorpe St. Andrew, Norwich,
NOR 858S.

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.

MASSIVE CLEARANCE BARGAINS

Bargain component parcels contain Resistors, Capacitors, Poten-
tiometers, Knobs, Rotary, Slide, Switches, IF's, Tag Strips, Drive
Drums, Springs, Coil Formers, Wire, Grommets, Relays, Pulley
Wheels, Magnets, Transistor Panels etc., etc. Save yourself £s on these
well selected parcels 6lbs net weight £1.00, p. p. 50p. d
Brand new Wire-wound Resistors. 17 Watts. Good Selection. 100
for £1 p. p. 20p.
Assorted Computer Paaels. These panels are exceptionally good
value ‘and contain a minimum of 75 transistors, stacks of diodes
plus Trim Pots, Polyester Capacitors, and include a few I.C.s. 10
panels for £1.00, p. p. 35p.
Mullard Ferrite Cores. LA3 50p. LA4 75p. LA2100 50p.
Assorted Electrolytic Capacitors. 6lbs net weight £1.00, p. p. 50p.
Assorted Capacitors! Silver Mica, Tubular and Disc Ceramics, Poly-
styrene. Tremendously good selection. 300-for £1. p. p. 20p.
Please include 10% V.A.T. to total cost of goods.

MAIL ORDER ONLY

XEROZA RADIO

1, EAST STREET,
BISHOPS TAWTON,
DEVON

FREQUENCY LIST TRANSFERS

We have a limited supply of sheets of Dial
Frequency Transfers in black. Short Wave fre-
quencies 1.8Mc/s to 32Mc/s and 144Mc/s and
146Mc/s. Includes amateur band marker frequen-
cies at 100kc/s points and other short wave
frequencies from 2 to 32Mc/s at every 500kc/s
points. Each frequency is repeated. Two sheets
for 5p, five sheets for 10p, postage 3p.

DATA PUBLICATIONS. LTD.,
57 Maida Vale, London W9 1SN,

MORSE MADE EASY!!!

FACT NOT FICTION. if you start RIGHT you will be reading amateur and con-
mercial Morse within a month. (Normal progress to be expected.) Using
scientifically prepared 3-speed records you automatically learn to recognise
the code RHYTHM without translating. You can'thelp it it’s as easy as learning
a tune. )B-W.P.M.; in 4 weeks guaranteed. Complete course, 3 Records ana
300ks, £4.50. P.P.l. etc. plus 10%. (Overseas £1 extra). Or details only, 4p
stamp. Or phone S. Bennett, G3HSC, 01-660 2896.

Box 38, 45 GREEN LANE, PURLEY, SURREY.
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INDEX

VOLUME TWENTY-SEVEN
August 1973 - July 1974

AMPLIFIERS
300mW Audio Amplifier, by R. A. Penfold .. . e
Class A Amplifier, by G. A. French .
Four Audio “‘Building Blocks”, by A. Foom’
Gram Amplifier — Veroboard Pro;ect 2, by J. R. Davies
6 Watt Record Player Amplifier, by R. AL Penfold
6+ 6 Stereo Amplifier, Part 1, by A. P. Roberts
6+ 6 Stereo Amplifier, Part 2 by A. P. Roberts wp .
The ‘“Wyvern” 30 Watt Stereo Amplifier, Part 1, by John R. Green
The *“Wyvern” 30 Watt Stereo Amplifier, Part 2 by John R. Green
The “Wyvern” 30 Watt Stereo Amplifier, Part 3, by John R. Green

Add-On Tone Controls, by R. L. Shaw
Multi-Match Speaker, by F. G. Rayer ..
Stereo Loudspeaker Arrays, by R. N. Soar

ELECTRONICS
Current Limiting Regulated Power Supply, by G. A. French .
D.C. Voltage Multiplier, by C. S. Thomas
Electronic Candle, by K. H. Fordham ..

Electronic Coin Tosser, by S. L. Martin ]
Electronic Combination Lock, by G. A. French
Fusing with Resistors, by C. T Watson .
Half-Voltage Power DlSSlpatlon by F. L. Smith
1.C. Triac Timer, by P. Manners . !
Integrated Circuit Timebase, by A. Foord

Light Flasher Circuit, by P. L. Fleming

Ohmmeter Scales, by R. J. Caborn =
Photographic Tlmer by R. A. Penfold . . .
Press Button Switch Circuits, by A. Jeﬂ‘erson ..
R.F. Coupled Morse Oscn]lator by M. H. George
Simple Wiper Delay Circuit, by J. B. Dance ..
S.S.B. Receiver Filter, by R. A. Penfold

Switch-Off Reminder, by S. Jeffrey

The Fetron, by J. B. Dance =

The “Wyvem” 100 Watt Inverter, by John R. Green .
Zener Diode Polarity, by F. L. Sm:th 2

GENERAL
A.F. Oscillator ~ Veroboard Project 1, by J. R. Davies e
B.A.R.T.G. 1974 Annual Convention .. )
Burglar Beater, by James Kerrick
Catalogue Received ’

Cotton Reel Tips, by V. S Evans :

Easy 0-30V Power Supply, by F. G. Rayer
Electro-Magnetic Circuits, by G. A. French
European Exhibitions ..

Experimental A.F. Oscillator, by S Jeﬁ"rey
Fitting Feed-Through Capac1tors by K. Harker
Further Counting Circuits, by G. A. French
Isolated Triac Circuit, by G. A. French.

Kit Review — Amtron Slgnal Imector W

Letters 3 1 .

Letters .. 4
Listening To Oscar by Arthur C. Gee . m
Mains-Hum Touch-Button, by G. A. French ..
Making Printed Circuit Boards, by Arthur C. Gee
Morse Code Practice Oscxllator by R. A. Penfold
Multi-Match Speaker, by F. G. Rayer >

Notes For Newcomers — Some Common Abbrev1at|ons by P. J. Jeikins. .

Photographic Timer, by R. A. Penfold . .
Product Review — “ngboard” Printed Circuits
Random Light Display, by M. Smith .. :
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Satin Finish For Control Panels, by James Kerrick

Simple Soldering Scheme, by W. J. Gadsby ..

The Day of the Whoppodyne, by H. Ross McDonald

The “Wyvern” Low Voitage Power Supply, by John R. Green
Total Harmonic Distortion — A Christmas Drama! ..
Tracking Oscar, by Arthur C. Gee 1T

Triac Timer, by G. A. French ..

Two-Wire Two -Way Buzzers, by Barrie Gilbert F
Vintage Radio Reproduction, by H. Ross-McDonald

IN YOUR WORKSHOP
A.M. Diode Detectors . .
Design Techniques — Low Power A F. Amphﬁers
Monochrome T.V. Receivers
Portable Short Wave Radios
Portable T.V. Receivers ..
Programmable Unijunction Transistor .
Readers’ Hints . I .
‘“The Decision Maker” .
Transistor Monochrome T.V. Desngn .
Transistor Television Circuits
Variable Capacitors -
Varicap Tuning Diodes ..

RADIO CONTROL
Eight Channel I.C. Decoder, by R. D. L. Mackie - . A

RECEIVERS
Aerial Beam System, by A. C. Gee =, i | i
4 Band Transistor Superhet, Part |, by R. A. Penfold
4 Band Transistor Superhet, Part 2 by R. A. Penfold
Clearing Noisy Volume Controls, by James Kerrick . .
Medium and Long Wave I.C. Receiver, by R. A. Penfold
Medium Wave Tuner-Receiver, by R. A. Penfold 3
Modifying The GC1U Receiver, Part 2, by P. Cairns - - .
Radio Receivers Using Two Integrated Circuits, Part 1, by mby -
Radio Receivers Using Two Integrated Circuits, Part 2 b Dar by ..
Regenerative V.H.F. Receiver, by R. A. Penfold
Selective Reflex Receiver, by J. B. Jobe [
Short Wave Crystal Set, by R. A. Penfold ..
Short Wave Regeneratlve Receiver, by R. A. Penfold
The ‘*Baflette”, by F. G. Rayer . .
The “Biflexette” Portable Recelver by Sir Dauglas Hall KCMG.
The I.C. Plus Four Portable, by F. G. Rayer ..
The “D R C Junior” Short Wave Receiver, by Sir Douglas Hall K.CM
The “Dualine” M.W. - V.H.F. Portable, Part 1, by Sir Douglas Hall, K.
The “Dualine” M.W. - V.H.F. Portable, Part 2 by Sir Douglas Hall, K.
The Quasister. A Quasi-Stereo V.H.F. Tuner, by Sir Douglas Hall, K.C.M
TR3 Reflex Radio, by A. Sapciyan

G.
C.
@

] RECEIVER ANCILLARIES
Adjustable A.F. Clipper, by G. A. French - ) 5. .
TAVs

Closed Circuit T.V. Camera Kit - Kit Review
Television Aerial Attenuator Design, by L. Simpson

TEST EQUIPMENT
A.C. Millivoltmeter, by A. P. Roberts .. .
A.F. Oscillator - Veroboard Project 1, by J. R. Davies
Audio Frequency Meter, by A. P. Roberts
Audio Signal Generator, by M. G. Lewis
Audio Tester, by A. P. Roberts . o
Crystal Callbrator by K. J. Dorrell .. o
Direct Reading Transistor Checker, by R. L. Shaw ..
Dual-Tone Oscillator, by G. A. French
High Impedance A.C. Millivoltmeter, by G. A. French
Low-Value Linear Ohmmeter, by A. G. Blewett
Mains Current Measurements, by S. L. Stevens .
Multivibrator Capacitance Bridge, by G. A. French ..
R.F. Signal Generator, by A. P. Roberts L
Simple Square Wave Generator, by A. P. Roberts
Single Frequency Test Oscillator, by A. Foord
Transistor Gain Bridge, by R. J. Caborn .
Unijunction Signal Injector, by P. T. Jenkins . .
Versatile Diode Tester, by J. A. Nekrews
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TRANSMITTING

Aerial Beam System, by A. C. Gee 3. .. Fe Y e - " 3 a8 92 Sept. '73

H.T. Switching Delay Circuit, by P. Manners e N | . B 1 . L 4 685 June 74

Quartz Crystal Repair, by T. E. Millsom .. a ¥ 2 b Ly Ny Ac . S8 151 Oct. ’73

R.F. “Nose”, by James Kerrick . . .. - N: - .. .. ¥ 617 May ’74

The “Wyvern” 100 Watt lnverter by John R. Green . - i 5. 2 . s ) .. 748 July 74
| RADIO TOPICS

57 Aug.’73 113 Sept. ’73 235 Nov. '73
307 Dec. ’73 378 Jan. 74 507 Mar. 74
572 Apl. '74 698 June 74

CAN ANYONE HELP?
185 Oct. 73 361 Jan. '74 602 May 74
NEWS AND COMMENT ;

18 Aug. ’73 86 Sept. 73 146 Oct. ’73
218 Nov. 73 280 Dec. ’73 344 Jan. 74
410 Feb. 74 472 Mar. 74 536 Apl. ’'74
604 May 74 ' 666 June ’74 728 July 74

\ QSX
85 Sept. '73 223 Nov. 73
CONSTRUCTOR’S CROSSWORD
343 Jan. 74 661 June °74
SHORT WAVE NEWS

30 Aug.’73 102 Sept. *73 158 Oct. 73
236 Nov. ’73 288 Dec. 73 354 Jan. 74
416 Feb. 74 494 Mar. 74 546 Apl. '74
623 May 74 674 June 74 746 July ’74

RECENT PUBLICATIONS AND BOOK REVIEWS

84 Sept. ’73 145 Oct. ’73 217 Nov. '73
308 Dec. 73 409 Feb. ’74 489 Mar. 74
665 June 74

NEW PRODUCTS

23 Aug. 73 109 Sept. ’73 160 Oct. 73
224 Nov. 73 291 Dec. ’73 350 Jan. ’74
415 Feb. ’74 506 Mar. 74 545 Apl. ’74
622 May ’74 684 June 74 739 July ’74

TRADE NEWS
370 Jan. '74 471 Mar. 74 688 June '74
701 June ’74 755 July ’74 764 July 74

CONSTRUCTOR’S DATA SHEETS

No. 77 Resonant Frequencies — V .. .. . . N .. gt = " = iii Aug. ’73
No. 78 Resonant Frequencies — VI .. .. .. . - N .. oL .. = it Sept. ’73
No. 79 Piano Scale .. - . .. _B X .. e o d i Oct. °73
No. 80 Frequency-Wavelength Table T - . - - . S S o d .. iii  Nov. 73
No. 81 Frequency-Wavelength, Table II A " o y - " 1. . iii  Dec. 73
No. 82 Wavelength-Frequency, Table 1 - e 1 - .8 . - . iti  Jan. ’74
No. 83 Wavelength-Frequency, Table 11 1 My B o o £ . o : iii Feb. 74
No. 84 Audio Output Powers .. . o F 8 . e o . o - i Mar. ’74
No. 85 Resistance of Metals .. 4k o » .. 1. . : b il Apl. ’74
No. 86 Television Transmission Frequencnes 1 ed . - e ‘e - .. A 1ii May ’74
No. 87 Television Transmission Frequencies II M v - . o~ A g b o iti  June ’74
No. 88 CR Charge/Discharge Times .. . = . il .. . = o b g iti July 74
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DON’T RELY ON YOUR MEMORY

BUY NOW AT BARGAIN PRICES

Hi Fi and Transistors — Up to date
Brochures on request

BUILD THE

You pay less
VAT with Henry's
Low Prices

TEXAN

20 + 20 WATT IC
STEREO AMPLIFIER

Now bullt and used by thousands of
satisfied customers. Features slim design
overall size In cabinet 153° x 23" x 68", 6-IC’s,
10 transistors. stabilisers. Gardners low field

L transformer. Flbre Glass PC panel, complete
chassis work. Now available built and tested as well as in kit form.
HIGH QUALITY & STABIHTY ARE PREDOMINATE FEATURES -
DEVELOPED BY TEXAS ENGINEERS FOR PERFORMANCE,
RELIABILITY AND EASE OF CONSTRUCTION FACILITIES. 4
Onfoff switch indicator. hcadphones socket, scparate treble,
bass, volume and balance controls, scratch and rumble filters,
monofstereo switch, Input selector: Mag, P.U. Radio Tuner. Aux.
Can be altered for Mic.. Tape, Tape-head etc. Constructional
details Ref. No. 21 30p. Distributed by Henry's throughout UK.
FREE - Teak cabinet with.complete kit.

KiT

(+ VAT (+ VAT snp
50p  orbuilt ond fested 35 0 cort/packing)
PRICE cort/pocking) as illutrated

As fegtured by
Practical Wireless
19,

%2,

wr erice £21.00 (+ VAT)

BUILD THE

e

HENELEC [ £7ees Sohershone 22 fonge
eava:lab,n Wcara/o /are.sr

STEREO 20 Aug/gpue wil

oL1974

FM TUNER

A completely new high stability stereo FM tuner. Features variable
capacity dlode tuning, stabiliser power supply, IC Decoder, high
gain low noise. IF stages. LED indicators.

Tuning meter, AFC, " easy to
construct  and  use. Mains

operated. Siim modern design with
fibre glass PC, Teak cabinet. etc.
Available as a kit to build or ready
builz. Overall size 8° x 231" x 6§".
Produced to give high performance withi
a realistic price. (Parts list .and con-
structional  details  Ref.  No.
Henry's are sole distributers UK

w»
w
S

P-)
and Europe
or bullt and tested

£24.95 (+ VAT)

LIVING SOUND LOW NOISE TOP QUALITY CASSETTES MADE BY EMI
TAPES LTD. TO INTERNATIONAL STANDARDS ESPECIALLY.FOR HENRY'S.
ALL POST PAID LESS THAN § REC. PRICES. COMPLETE WITH LIBRARY
CASES

for | 6 for 10 for| 25 for
C 60 (1 10 £1-98 13.00 7
EARN YOURSELF EASY MONEY, WITH i oo Tgus Tam | data | iz
PORTABLE DISCO EQUIPMENT 2 Bua ety Fa AT deNE il lestinTTEeds

30 years. Trade and industry supplies—

HIXER/MICS/SPEAKERS/LIGHTING UK's LARGEST RANGE N
o3 every type of component and equipment.

LARGEST RANGE OF DISCO LIGHTING
FREE stock list ref. No. 18 on request.

AKG RESLO DJ CARLSBRO EAGLE- Mics,

DISCO MIN) A complete portable disca, EXCLUSIVE LEARN A LANGUAGE - complcte with phrase
fitted mixer/preamp. 2 decks all facilities. £98-50 DECCA KELLY book. German — French — Spanish —
As above but with Slider Controls £118.50 [talian £1:36 per course. £5 for any 4.
100 wate amplificr for abave £49.50 SPEAKERS
SDLS 100 watt mixerfamplifier with slider 12 watt ;Pﬂ;ef Lwdeet:"
controfs £69.00 systems. 8” Bass Midrobe 0 os s s
RS0 S0 watt mixerfamplifier £49-50 and Melinex Domed HF I. W c T HI FI PEAKER
R100 100 watt mixer/amplifier £57-50 radiator plus crossover £12.50 SPECIAL OFFERS
DISCO AMP 100 watt mixerjamplifier £73.00 per palr of systems (carr packg. 40p) EMI 13" x 8 — full range speakers
Northcourt or bullt into veneered cabinets, size 18 x ,(";‘S’B‘Téol’ “:"c:';"m%wpla"c‘me 0
400 40 watt mixer amp £3750 12 x 63" £19:50 pair (carr. £1). £220 each or €400 par. -
800 80 watt mixcr amp £45-00 #450 10 watr Cfo Twin Tweeters 3, 8 or
DISCO MIXER/PREAMPLIFIERS (OP for HI Fl TAPE 15 ohms £3-85 eath.
up to 6-100 watt amplifiers) EW 15 watt 8 ohms Cfo Tweeter £5:25
SDLI (rotary controls) £49-50 EQl,”PMENT ! cach or £7.40 per pair.
SDLII (shider controls) £58.50 ldJK s 'arge,sdt za"ge with T e (O Wit 0 & 5 clier
iscounts an: emonstra- - each. -
"j’,:ffg’re @Gl toniols) e fomplecs o iore Mor Al WA Btert # Polished wood cabinet £4:80 post 35p.
DJ100 100 wate power amplifier for above £49-50 stock lists on request (Ref. No. 17). SPEAKER KITS (carr. etc. 35p)
DJI0L MKil 3 channcl 3kw sound-to light (4125 Phone 01-402-4736 for Barclay/Access 20-2 30 watt €2450 pair
DJ30L MKl Shder Controls £45-50 Card. Direct orders and latest prices. 20-3 40 watt £35-95 pair
i LINTON 2 20 watt £18:30 pair
DJ DISCLITE As 30L/il + varfable speed flashes  £54.00 i
TRANSISTORS/SEMI GLENDALE 3 30 watt £3295 pair
/ i DOVEDALE 3 50 watt £51°50 pair
4 \ CONDUCTORS KEF KK2 £55.00 pair
Carlsbro Reverboration Unit £44.00 U.K.'s largest range for every application. KEF KK3 £78.00 pair
g-sr: 1=5n;i-’=cdb|:<k|;nk;cpllwne 2;95 Small quantity discounts. Also Trade,
o watt liquid wheel projector -50 Export and Industrial enquiries invited.
150 watt Q1 liquid wheel projector £5000 Latpest stock Nst (Ref. No? 36) including UILD YOURSELF A POCKET LCULATOR
150 watt Q1 and Liquid cassette wheel projector  £50-00 valves on request.
Spare Effects cassettes large range of patterns £6-00 A lete kit, packaged in a polystyrene ccnralnser and
6" Liquid whee £5-00 V. - taking about 3 hours to assemble — that's the Sinclair
quid wheels arlous casscrtes  £6:00 ELECTRONICS Cambidge - pocket Galculator  fFrom  Henry's.  Some. of
Mini spot bank fitted 3 lamps £12:95
Auto Tri X ; SUPPLIES the many features include Interface chip, thick-film
uto Trilite (mini with flashers) £17.00 Socha®is in <[fronics I More rhad resistor pack. printed circuit board, electronic compo-
Bubblemaker with liquid £22:50 P nents pack. Size 44° long x 27 wide x 35" deep.

Free of charge with the kit for the more advanced
technologist Is a 32-page booklet explaining how to
calculate Logs. Tangents. Sines etc.

SPECIAL OFFER £13.60 + VAT
gyabis en £10.85 -+ VAT

STANDS, MIXERS, CABINETS, CHASSIS

& COMPLETE SPEAKER SYSTEMS, MEGA- Barclaycdrd/Aicess. el LS
PHONES, TURNTABLES, PUBLIC ADDRESS phone, your order 01-402 4736
COMPONENTS. EASY TERMS FOR  CALLERS

36 TRANSISTORS IC’s
14 100 KITS TO BUILD
17 HI Fl TAPE GEAR

2 TRANSISTOR RADIO
TO BUILD

Al prices carr.
Barclaycard/Access, call,
order” 01-723 6963 — casy ‘terms for callers.

paid (UK) (VAT EXTRA)
write or phene your

SUPER TESTER 630R—

The complete testing system E‘rIISCeS 0
Volts AC =11 ranges from 2V to 2500V

Volts DC=13 ranies from 100mV to 2KV 4

Amp DC =12 ranges from 500A to 10A =

Amp AC—10 ranges from 2004A 10 54 ACCESSOTies

Ohms:- 6 ranges from one tenth of Ohm Transistor Lester £11.00
to 100MQ Electronic Voltmeter £18.00
Reactance=1 range from 0 to 10MQ Ampclamp £11.95
Capacity =6 ranges from 0 to 500pF Temperature probe £11.95
and from 0 to 0.54F and from 0 to Guass meter 11.95
50.000pF Signal Injector £5.95
Frequency=2 ranges from 0 to 500Hz Phase Sequence £5.95
and from 0 to 5000Hz EHT Probe £5.95
Output Voltage=9 ranges 10V to 2500V R

Decibels==10 ranges from—24 to +70dB 15/50/100A £4.50

10% VAT To be added to all orders. Export Supplied. Prices and descriptions corect al fime of proof. Subject fo change withoul nofice.
ALWAYS BARGAINS FOR CALLERS E&O

404-406 Electronic Components and Equipment01-402 8381
354-356 High Fidelity and Tape Equipment 01-4025854/4736
309 PA-Disco-Lighting High Power Sound 01-723 6963

3 Special offers and bargains store
Allmail to 303 Edgware Road, London W2 1BW

Open:-9am-6pm
Gdays a week
{309 closed
Thursday)

All stores open
ail day Saturday

Hemys::,

EDGWARE ROAD, W2

WWW.americanradiohistorv.com



