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Each £3 unit of Home Unit Insurance gives you protection up to the limit shown 
This is the simplified insurance you have been waiting for. 
Not just cover on the contents of your home but a 

package of personal protection you and your family need. 
And it's how we save you so much money: just ONE 
policy to issue instead of nine! 
You can build up to the cover you need by additional, units 

(or { units after the first) up to a maximum of five. So 
simple. So easy. Apply to your Broker, Agent or local office 
of a General Accident company. 
The Home Unit Policy can replace your existing insurances 
And remember- as you buy more possessions just add 
more Home Units at any time. Oriole Re/. 20,9468 

THE GENERAL ACCIDENT FIRE d 
LIFE ASSURANCE CORPORATION LTD 

Metropolitan House, 35 Victoria Avenue, 
Southend -on -Sea, Essex, SS2 6BT 

lt pays to be protected bya 

Please send me further particulars of 
the Home Unit Insurance. 

Name 

Address 

20/9468 
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COMPONENTS 
HOBBYIST- PROFESSIONAL - DOMESTIC - SURPLUS - INDUSTRIAL 
JUST AFEW OF OUR BARGAINS ARE LISTED BELOW- SEND STAMPED 
ADDRESSED ENVELOPE FOR A QUOTE ON OTHER REQUIREMENTS. 
PAY US A VISIT. OVER 90' OF STOCK BELOW QUANTITY 
WHOLESALE PRICE. RETURN POSTAL SERVICE UNLESS CHEQUE. 

Goods sent at customers risk, unless suficient payment for registration (1 st class letter 
post) or compensation fee (parcel post) included. 

VALVE BASES 
Printed circuit B9A -B7G 
Chassis 87 -B7G 
Shrouded chassis B7G -B9A 
B8A -B9A chassis -B12A tube 

4p 
8p 

10p 
10p 

Speaker 6" x 4" 5 ohm ideal for car radio£1.25 

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

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

bridge rectifier 50p 
GC10 /4B £3.00 

Telescopic aerial 
Closed 91 ", open 38f" 
Fitted right angle TV 

plug, 50p 
BOXES - Grey polystyrene 61 x 112 x 31 mm, top secured by 4 

sett tapping screws 324-p 
Clear perspex sliding lid, 46 x 39 x 24mm 10p 

ABS, ribbed inside 5mm centres for P.C.B., brass corner inserts, 
screw down lid, 50 x 100 x 25mm orange 48p; 80 x 150 x 50mm 
black 70p; 109 x 185 x 60mm black £1.04 
ALUMINIUM 8 "x6 "x3" 99p 3"x2" x1" 39p 4 "x2t "x2" 46p 10 "x41 "x3 "£1.02 2; "x5} x1- },.46p 4.,x5á x14- 54p 12 "x5 "33" £1.20 
4" x 4" x 14" 45p 6" x 4" x 2" 65p 10"x 7" x 3" £1.22 
4 "x24"x11" 48p 7"x5 "x24" 79p 12 "x8 "x3" £1.50 

Pole Way 
4 2 
6 2 
4 2 
2 2 

1 3 
2 2 

SWITCHES 
Type 

Sub. Min. Slide 18p 
Slide 20p 
Lever Slide 15p 
Slide 12p 
13 amp small rotary 12p 
Locking with 2 to 3 keys 

£1.50 
2 1 2 Amp 250V A.C. rotary 24p 

Wafer Rotary, all types 30p 
S.P.S.T. 10 am 240v. white rocker switch with 
neon. 1" square flush panel fitting 45p 
S.P.S.T dot 13 amp, oblong, push -fit, rocker2Op 

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

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

31b for 85p +75p post and packing 
71b for £1.95 +f1 post and packing 

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

3" Tape Spools 8p 
1" Terry Clips 4p 

12 Volt Solenoid 30p 

KNOBS 
SILVER METAL PUSH ON WITH POINTER, OR 
WHITE PLASTIC, GRUB SCREW WITH GOLG 
CENTRE 8p EACH 
1" DIAM. WITH 1h" SKIRT SPUN ALUMINIUM 
GRUB SCREW FIXING, 1-" 36p EACH 

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

REGULATED TAPE MOTOR 
9v d.c. nominal approx 1;'' diameter Bop 

Ferric Chloride, Anhydrous mil. spec. 1Ib. bag 50p' 

RESISTORS 
--- + watt 1 p 

1 watt 2p 
Up to 5 watt wire 10p 
10 watt wire 
wound . 12p 
15 watt .. .. 14p 
1 or 2% three times 
price. 
Semiconductor Data 
Book 263 pages. Covers 
2N21 through to 
2N5558 plus some 
3N's. Type /connection/ 
parameter details £1.50 
No VAT 

POTS 
Log or Lin carbon 16p 
Switched 32p 
Dual Pots 44p 
Dual & switch 60p 
Lin wirewound 25p 
Slider Pot 40p 
Dual Slider 52p 
I 5m Edgetype 8p 

THERMISTORS 
VA1008, VA1034,I 
VA1039, VA1040, 

IOp 
VA1055, VA1066, 
VA1082, VA1100 
V.41077, 
VA1005, VA1026 15p 

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

60p 
Mai,1s or 12v d.p.c.o 
heavy duty octal 80p 

Boxed GEC KT88 
valve 

. , .. £2 

THE RADIO SHACK 

650 

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

Terms: Paymsnt with order Telephone: 01 -223 5016 

JAP 4 gang min. sealed tuning condensers New 36p 
Ex -eqpt. 2 or 4 gang .. _ 20p 

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

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

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

1000 13p 17p 40p 75p - £1.50 - - 
2000 23p 37o 45p 
As total values are too numerous to list, use this 
price guide to work out your actual requirements price 

10/20, 12/20 Tubular tantalum 15p each 
16- 32/275, 32- 32/275, 100 -100/150, 100- 
100/275 50- 50/300 .. .. 20p each 
50/50 -385 30p 
12,000/12, 32-3. -50/3610, 700/200 100 -100- 
100- 150- 150/320 .. 50p each 
20 -20- 20/350 . , . , 40p each 
RS 100-0-100 micro amp null indicator 
Approx. 2" x á" x ; " £1.50 

INDICATORS 
Bulgin D676 red, takes M.E.S. bulb 30p 
12 volt or Mains neon, red pushfit 21p 
R.S. Scale Print, pressure transfer sheet .10p 

CAPACITOR GUIDE - maximum 500V 
Up to .01 ceramic 3p. Up to .01 poly 4p Up to 
1000PF silver mica 5p. 1,200PF up to .01 
silver mica 10p. .013 up to .1 poly etc. 5p 
.12 up to .68 poly etc. 8p. 
Over 500 volt order from above guide and few 
others listed below. 
8p..1/600: 12p..01/1000, 1/350, 8/20, .1/900, 
.22/900, 4/16. .25/250 AC (600vDC) .1/1500 
40p. 5/150, 9/275AC, 10/150, 15/150, 40/150. 

TRIMMERS, 20p each 
100PF Ceramic, 30PF Beehive, 12PF PTFE 
2500PF 750 volt, 5 x 50pF, 2 x 220pF, 
50PF CERAMIC. 

CONNECTOR STRIP 
Belling Lee L1469, 4 way polythene. 6p each 
11 glass fuses 250 m/a or 3 amp (box of 12) 24p 
Bulgin, 5mm Jack plug and switched socket (pair) 30p 

1" or 11" or 2" or f" CAN CLIPS 3p 
MAINS DROPPERS 

36 -i 79 ohm 25p 
66+66-158 ohm, 66--- 66 ->-137 ohm 
17+141-6 ohm, 266+14 +193 ohm 30p 
50-x40 +1k5 ohm 
285 - ¡- 575+148 +35 ohm 40p 
25- l- 35- }- 97 +59 +30 ohm 

5k" x 21" Speaker, ex- equipment 3 ohm 
2 Amp Suppression Choke . 

3x2 }x-/" l PAXOLINE 
41x- -x- ", f 
PCV or metal clip on MES bulb Holder 
VALVE RETAINER CLIP, adjustable 

30p 
7p 
4p 
1p 
5p 
2p 

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

50p 
40p 

12 volt 250M /A or 6 volt }A 
Transformers p 
Whiteley Stentorian 3 ohm constant impe- 
dance volume control way below trade at 80p 
Drive Cord 2p per yd. 

AMIIMMI0(11! 
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SEMICONOUCTORS 
Full spec marked by Mullard. etc. Many other types In stock 

AC107 . 12p 
AC128. 10p 
AC176 11p 
ACY28.. .. 18p 
AD149 .. 40p 
AD161 /2 matched pr. 69p 
AF116 .. 12p 
AF124/6/7 20p 
AF1 3 9/1 7 8/1 80/ 1 8 1 30p 
AF239 .. .. 20p 
ASY27/73 .. 25p 
BC107A or B .. 9p 
BC107/8/9 .. 7p 
BC108A/B/1098/C 10p 
BC147/8/9 .. 7p 
BC147A/B 8p 
BC148A/B/C, 9B/C/S 8p 
BC157/8/9 .. 7p 
BC158A/B 11p 
BC159B/C,157A 11p 
BC178A/B/179B 10p 

BC184C/LC .. 9p 
BC186/7 .. 13p 
BC213L/214B .. 9p 
BC26113 .. 10p 
BC327/8 10p 
BC337/8 .. 11p 
BC547/558A 7p 
13C548/557 .. 9p 
BC548/A/557/559 9p 
BCX32/36 .. 12p 
BCY40 . . . . 60p 
BCY70/1/2 . 12p 
BD112/3/5/6 . . 40p 
BD131/2/3/5/7/9 30p 
BD142.. .. 45p 
BD201/2/3/4 .. £1.00 
BD232/4/5 .. 46p 
BDX77 £1.40 
BF115 . .. 10p 
BF167/173 . 10p 
BF178/9 . . 20p 

BF180/1/2/3 .. 15p 
BF184/5 .. 15p 
BF194/5,'6/7 7p 
BF 194A/195C/200 10p 
BF258/262/263 20p 
BF336 25p 
BFS28 Dual Mostet 92p 
BFW10/11 F.E.T. 26p 
BFW30 .. £1.35 
BFW57/58 .. 20p 

20p 
16p 
35p 
12p 
50p 

BRY39 } Uni junction 
30 

P 
BSV64 40p 
BSV79/80 F.E.T.s £1 
BSV81 Mosfet .. Sup 

BFX12 
BFX29130/84/88 
BFX89.. 
RFY50/1/2 
BFY90 .. 

BR101 l 
31p 

ammable p 

BRY56J 34 

Amp 

1 

1.4 

Volt 
1,600 
140 
42 

BRIDGE RECTIFIERS 
Amp Volt 

0.6 110 
5 400 

BYX10 30p 
OSH01-200 20p 
BY164 51p 

EC433 15p 
Texas 75p 

1N4004 
IN4005 
IN4006 
IN 4007 
BY103 
SR100 
SR400 
REC53A 
LT102 
BYX38-600 
BYX38-300R 
BYX38-900 
BYX38-1200 
BYX49-600 
BYX49-300 
BYX49-900 
BYX49-1200 
BYX48-300 
BYX48-600 
BYX48-900 
BYX48-1200 
BYX72-150R 
BYX72-300R 
BYX72-500R 
BYX42-300 
BYX42-600 
BYX42-900 10 
BYX42-1200 10 
BYX46-300 15 
BYX46-400 15 
BYX46-500 15 
BYX46-600 15 
BYX20-200 25 
BYX52-300 40 
BYX52-1200 40 
*Avalanche type 

RECTIFIERS 
Amp Volt 

1 400 
1 6001 
1 800 
1 1,000 
1 1,500 
1.5 100 
1.5 400 
1.5 1,250 
2 30 
2.5 600 
2.5 300 
2.5 900 
2.5 1,200 
2.5 600 
2.5 300 
2.b 900 
2.5 1,200 
6 300 
6 600 
6 900 
6 1,200 

10 150 
10 300 
10 500 
10 300 
10 600 

900 
1,200 

300 
400 
500 
600 
200 
300 

1,200 

4p 

6p 

15p 
7p 
8p 

14p 
10p 
55p 
43p 
80p 
85p 
34p 
26p 
40p 
52p 
40p 
50p 
60p 
80p 
35p 
45p 
55p 
30p 
65p 
80p 
95p 

£1.00 
£1.50 
£1.75 
£2.00 

60p 
f1.75 
£2.50 

Amp Volt 
6 800 
25 900 
25 1200 

TRIACS 
Plastic RCA 90p 
BTX94 -900 £4.00 
BTX94 -1200 £6.00 

12 -0 -12 50M /A Min. Txfmr. 90p 
RS 2mrn Terminals 
13aie & Black 

Chrome Car Radio facia 
Rubber Car Radio gasket 

5 for 40p 
15p 

5p 

DLI Pal Delayline .. .. 50p 
Relay socket . 10p 

Take miniature 2PC'0 relay 

B7G or B9A valve can 5p 
0 -30, or 0 -15, black pvc, 360° 
dial, silver digits, self adhesive, 
41' dia. .. .. 10p 

OPTO ELECTRONICS 
BPX40 65p Photo transistor 
BPX42 £1.00 BPX29 £1.00 
BPY10 £1.00 OCP71 44p 

(VOLTIAC) 

BPY68 
BPY69 £1.00 
BPY77 

Diodes 

BIG L.E.D. 0.2" 

2v 50m /A max. 
RED 13p 
ORANGE 
GREEN 15p 
YELLOW 
CLIP 2p 

PHOTO SILICON CONTROLLED 

BSX20/21 
BSY40 
BSY95A 
BUf05-01 
CV7042 (0C41 
ASY63) 
GET111 
0C35 . . 

ON222 
TI P30 
TI P3055 
TIS88A FET 
ZTX300 
ZTX341 
2N393/MA39 
2N706 .. 
2N929 
2N987 
2N1507/2219 

13p 
. 28p 

9p 
93p 

0C44, 
7p 

40p 
32/ip 

30p 
43p 
50p 
23p 
13p 
16p 

3.. 30p 
9p 

14p 
35p 
14p 

2N2401/2412/2483 25p 
2N290415/6/7 .. 10p 
2N2907A .. 13p 
2N3053 13p 
2N3054/3055(or equiv) 35p 
2N3133 .. 18p 
2N3704 . 9p 
2N4037 .. 35p 
2N5036 .. 60p 
2SA14112/360 .. 31p 
2S8135'6/457.. 20p 
40250 60p 

Amp 

H 
1N916 
1N4148 
BA145/148 
Centercel 
BZY61 

8p 
2p 

15p 
10p 
10p 

8B103/110 Varicap 14p 
BB1 1 3 Triple 

Varicap ... 37p 
BA182 18p 
0A5/7/10 . 14p 
BZY88 Up to 33 volt tip 
BZX61 11 volt 20p 
BR100 Diac. 20p 

TÁÁ7ÖÓATEO 
CIRCUITS 

20 
723 reg IT0991_45p 
741 8 pin d.i.l. oo. 
Amp 20p 
TAD100 AMRF £1.30 
CA3001 R.F. Amp 50p 
TAA300 1 wt Arnp£1 .84 
NE555v Timer 40p 
TAA550 Y or G 32p 
TAA263 Amp 80p 
7400/10 9p 
7402,4/20/30 10p 
7414 45p 
7438/74/86 27p 
7483 74p 
LM300, 2-20 volt £1.50 
74154 £1,2Q 

Volt THYRISTORS 

1 240 BTX18 -200 
1 400 BTX18 -300 
1 240 BTX30 -200 .. . 

15 500 BT107 .. 

6.5 500 BT101 -500R 
6.5 500 BT109 -500R .. 

20 600 BTW92 -600RM 
15 800 BTX95 -800R Pulse Modulated 

SWITCH BPX66 PNPN 10 amp £1.00 30 1000 78710 (Less Nut) 

23p 
25p 
23p 

£1.00 
90p 
75p 

£3.00 
£8.00 
£ 3.00 

.3" red 7 segment L.E.D. 14 
D.I.L. 0 -9 D.P. display 1.9v, 
10m /a segment, common 
anode 70p 

COY11 B L.E.D. 
Infra red transmitter £1 

One fifth of trade 

Plastic, Transistor or Diode 
Holder 1p 
Transistor or Diode Pad 1p 
Holdersorpads 50pper100 

PAPER BLOCK CONDENSER 
0.25M FD 800 volt 30p 
1MFD 250 volt 15p 
2MFD 250 volt 20p 
lOMFD 500 volt 80p 
4M FD 250 volt 20p 
I.0 extraction and insertion 
todl 40p 

METAL CHASSIS SOCKETS 
Car Aerial 
Coax 
5 or 6 pin 240' din 
Speaker din switched 
3.5mm Switched Socket 

9p 

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

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

Tested unmarked, or marked 
ample lead ex new equipment 

OC71/2 5p 
0C200-5 10p 

ACY17-20 8p 
ASZ20 8p 
ASZ21 15p TIC44 24p 
BC186 11p 2G240 2-50 
BCY30-34 10p 2G302 6p 
BCY70/1/2 Bp 2G401 10p 
BF115 10p 2N711 25p 
BY127 9p 2N2926 7p 
BZY88 series 5p 2N598/9 6p 
HG1005 2p 2N1091 8p 
HG5009 2p 2N1302 8p 
HG5079 2p 2N1907 2-50 
L78/9 2p Germ. diode 1p 
M3 10p GET120 (AC128 
OA81 3p in 1"sq. heat sink) 
OA47 3p 20p 
OA200-2 3p GET872 12p 
0C23 20p 2S3230 30p 

8 way Cinch standard 
0.15 pitch edge socket 

20p 
U.E.C.L. 10 way pin 
connector 2B6000 
0A1 P10 10p 
U.E.C.L. 20 way pin 
connector 
2A60000A1P20 20p 

U.E.C.L. 10 way pin 
socket 28606001810 

10p 

U.E.C.L. 20 way pin 
socketB 260800A1 R 20 

20p 
3.5mm STEREO PLUG 
Metal screened 35p 
Philips electronic eng- 
ineer kits add on series 
E1004 £1.00 each 
RS Yellow Wander 
Plug Box of 12, 25p 

Multitore Solder 
18SWG 3p per foot 

ENAM. COPPER WIRE 
SWG. PER YD. 
20 -24 3p 
26 -42 2.5p 

GARRARD 
GCS23T or GP93/1 
Crystal Stereo Cart- 
ridge £1.00 

HANDLES 
Rigid light blue nylon 
61" with secret fitting 
screws 8p 

Belling Lee white 
plastic surface coax 

outlet box 35p 

Miniature Axial Lead 
Ferrite Choke formers 

2p 

RS 10 Turn Pot 1% 
250, 500 f!. 1, 50, 
100K . . . £1.50 

Copper coated board 
10" x 9" approx.40p 

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

Geared Knob 
8 -1 ratio 1s" diam, 

black 70p 
1lb Mixed bolts, nuts, 
washers etc. 45p 

SMALL ORDERS, ENCLOSE SUITABLE 
STAMPED ADDRESSED ENVELOPE 

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

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

MAIL ORDER CUSTOMERS ONLY ADD 
8 %VAT -I PAY BALANCE ON12k %ITEMS 
ALL ENQUIRIES, ETC., MUST BE ACCOMPANIED BY A 

STAMPED ADDRESSED ENVELOPE 

.I["N1? 1976 651 
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THE MODERN BOOK CO 
THE ELECTRONIC MUSIC INSTRUMENTS MANUAL 

by Alan Douglas. 6th Edition. Entirely revised. 
PRICE: £8.00 

NEWNES CONSTRUCTORS GUIDE 
ELECTRONIC COMPONENTS 
by M. A. Colwell PRICE: £2.00 
PRINTED CIRCUIT ASSEMBLY 
by M. J. HUGHES PRICE: £2.00 
ELECTRONIC DIAGRAMS 
by M. A. Colwell PRICE: £2.00 
INTRODUCING AMATEUR ELECTRONICS 
by I. R. Sinclair PRICE: £1.50 
DIGITAL ELECTRONIC CIRCUITS & SYSTEMS 
by N. M. Morris PRICE: £2.60 
HOW TO BUILD ELECTRONIC KITS 
by V. Capel PRICE: £1.95 
ELECTRONICS SELF -TAUGHT WITH EXPERIMENTS 
& PROJECTS by J. Ashe PRICE: £2.35. 
HANDBOOK OF IC CIRCUIT PROJECTS 
by J. Ashe PRICE: £2.30 
BEGINNER'S GUIDE TO TRANSISTORS 
by J. A. Reddihough PRICE: £2.25 
110 COSMOS DIGITAL IC PROJECTS 
FOR THE HOME CONSTRUCTOR 
by R. M. Marston PRICE: £3.00 

HI -FI CHOICE CASSETTE DECKS 
by A McKenzie PRICE: £1.25 
SERVICING WITH THE OSCILLOSCOPE 
by G. J. King PRICE: £4.85 
UNDERSTANDING IC OPERATIONAL AMPLIFIERS 
by R. Melen PRICE: 2.50 
TTL COOKBOOK 
by D. Lancaster PRICE: £5.65 
PRINCIPLES OF TRANSISTOR CIRCUITS 
by S. W. Amos PRICE: £3.65 
TRANSISTOR ELECTRONIC ORGANS FOR 
THE AMATEUR 
by A. Douglas PRICE: £4.80 
RADIO CONSTRUCTION FOR AMATEURS 
by R. H. Warring PRICE: £2.70 
THE RADIO AMATEUR'S HANDBOOK 1976 
by A. R.R.L. PRICE: £4.85 
RAPID SERVICING OF TRANSISTOR EQUIPMENT 
by G. J. King PRICE: f2.20 
ELECTRONIC SYSTEMS FOR RADIO, T.V. & 
ELECTRONICS MECHANICS 
by R Lewis PRICE: £2.75 
AMATEUR RADIO TECHNIQUES 
by P. Hawker PRICE: £2.45 

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 

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

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

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

(1) Build an oscilloscope. 

(2) Read, draw and understand 
circuit diagrams. 

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

WAA 
milamemsenulimmumsoloommil Ili NI MI Ili MI Ill III`Me itill MIlMI MIi" 

Brochure, without obligation to: 

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, 
P.O. Box 156, Jersey, Channel Islands. 

NAME 
ADDRESS Block caps please ' ---_-------------- a lEI- - - -- 

Dept REX 66. 

652 RADIO & ELECTRONICS CONSTRUCTOR 
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SPEAKERS 
Baker Group 25, 3, 8 or 15 ohms 
Baker Group 35, 3, 8 or 15 ohms 
Baker Group 50/12 8 or 15 ohms 
Baker Group 50/15 8 or 15 ohms 
Baker Deluxe 12" 8 or 15 ohms 
Baker Major 3, 8 or 15 ohms 
Baker Superb 8 or 15 ohms 
Baker Regent 12" 8 or 15 ohms 
Baker Auditorium 12" 8 or 15 ohms 
Baker Auditorium 15" 8 or 15 ohms 
Castle BRS /DD 4/8 ohms 
Celestion G12M 8 or 15 ohms 
Celestion G12H 8 or 15 ohms 
Celestion G12/50 8 or 15 ohms 
Celestion G12/50TC 8 or 15 ohms 
Celestion G15C 8 or 15 ohms 
Celestion G18C 8 or 15 ohms 
Celestion HF1300 8 or 15 ohms 
Celestion HF2000 8 ohms 
Celestion MH1000 8 or 15 ohms 
Celestion CO3K 

Decca London ribbon horn 
Decca London CO /1000/8 Xover 
Decca DK30 ribbon horn 
Decca C0/1/8 Xover (DK301 

EMI 14 e 9 Bass 8 ohms 14A770 
EMI 8 x 5, 10 watt, d /cone, roll surr. 
EMI 6i " d /cone, roll surr. 8 ohms 
Elac 59RM109 (151 59RM114 (8) 
Dac 6 }" d /cone, roll surr. 8 ohms 
Dac 10" 10RM239 8 ohms 
Eagle Crossover 3000hz 3, 8 or 15 
Ea'.1le FR4 
Eagle FR65 
Eagle FR8 
Eagle FR10 
Eagle HT1 5 
Eagle HT21 
Eagle MHT10 
Eagle FF28 multicell. horn 

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

WILMSLOW AUDIO 
THE Firm for speakers! 

£8.64 
E 10.25 
£ 14.00 
£ 18.62 
£12.38 
E10.69 
£ 16.31 

£9.00 
£ 14.65 
£19.41 

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

SPEAKER KITS 
667.95 Baker Major Module 3, 8 or 15 ohms each £13.28 
£15.75 Goodmans DIN 20 4 or 8 ohms each £13.28 
£36.95 Goodmans Mezzo Twin kit pair £42.47 
62.50 Helme XLK 20 pair f 13.50 
£5.50 Helme XLK 30 pair £ 17.10 
£8.95 Helme XLK 35 pair £21.60 
£7.60 Helme XLK 40 pair 631.50 

pair £50.40 
pair £44.10 
pair £39.38 

each £15.70 
each 621.95 
each £23.90 
each £36.45 
pair £50.40 

each £41.40 
each £45.00 
each £13.46 
each £20.25 
each £25.16 
each £29.25 
pair £37.80 
pair £59.40 
pair 65.70 
pair £20.81 
pair £47.70 
pair £59.40 

Goodmans Audiom 200 8 ohms £13.46 
Goodmans Axiom 402 8 or 15 ohms £19.80 KEFkit 1 

Goodmans Twinaxiom 8, 8 or 15 ohms £9.50 KEFkit Ill 
£8.28 Goodmans Twinaxiom 10, 8 or 15 ohms £9.86 Peerless 20 -2 

Goodmans 8P 8 or 15 ohms £5.95 Peerless 30 -28 
£6.25 Peerless 20 -3 

£ 14.95 Peerless 50 -4 
£ i6.50 Peerless 1060 
£16.95 Peerless 1070 

£38.00 Peerless 1 120 

£45.00Richard Allan Twin assembly 

£22.50Richard Allan Triple 8 

£39.00Richard Allan Triple 12 

£16.00 Richard Allan Super Triple 

£4.05 Richard Allan RA8 Kit 
£84.00 Richard Allan RA82 Kit 
£96.00 Richard Allan RA82L Kit 

£129.00W1'arfedale Linton II Kit 
£15.36 Wharfedale Glendale 3XP Kit 

Wharfedale Dovedale Ill Kit 

Helme XLK 50 

£15.95 Goodmans 10P 8 or 15 ohms 

£16.50 
(r)oilmans 12P 8 or 15 ohms 

£1800 Goodmans 12PG 8 or 15 ohms 

£26.95 Gor,Imans 12PD 8 or 15 ohms 

£34.50 
Goodmans 12AX 8 or 15 ohms 

£6.96 Goodmans 15AX 8 or 15 ohms 

£8.55 Goodmans 15P 8 or 15 ohms 

£13.50 Goodmans 18P 8 or 15 ohms 

£4.46 roodma8s Hifax 750P 
Goodmans 5" midrange 8 ohms 

£28.80 Gauss 12 "" 200 watt 

£6.75 Gauss 15. 200 watt 
£17.25 Gauss 18" 200 watt 

£4.50 Jordan Watts Module, 4, 8 or 15 ohms 

Kef T27 
611.92 Kef T15 

£3.56 
Kef 8110 £3.38 

£3.38 Kef B200 
£3.83 Kef 9139 
£3.83 Kef DN8 

ohms £1.75 Kef DN12 

£5.51 Kef DN13 SP1015 or SP1017 
£8.66 Lowther PM6 

£11.08 Lowther PM6 Mk.l 

£14.06 Luwrher PM7 
£3.96 Peerless KO1 ODT 4 or 8 ohms 
£6.13 Peerless DTIOHFC 8 ohms 
£4.00 Peerless K040MRF 8 ohms 
£8.10 Peerless MT225HFC 8 ohms 

Richard Allan CA12 12" bass 
f5.25 Richard Allan HP8B 

£8.75 Richard Allan LP8B 
£12.50 Richard Allan DT20 
615.50 Richard Allan CN8280 
£17.95 Richard Allan CN820 
£18.75 Richard Allan Super Disco 60W 12" 
£27.95 STC 4001G 
£37.95 Tannoy 10" HPD 

Fane Crescendo 12BL, 8 or 16 ohms £39.95 Tannoy 12" HPD 

Fane Crescendo 15/100A, 8 or 16 ohms £49.95 Tannoy 15" HPD 
Fane Crescendo 15/125, 8 or 16 ohms £57.95 Wharfedale Super 10 RS /DD 8 ohms 

£5.16 
E6.25 
£6.75 
£7.85 

£ 15.08 
£2.08 
£5.39 
E4.05 

E30.60 
£32.85 
£48.60 

£7.25 
£8.26 
£9.50 
£2.95 

£19.80 
£11.93 

E8.33 
£6.08 

E16.20 
£3,15 

£ 16.95 
£5.90 

£67.50 
£73.76 
£88.15 
£13.50 

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

HIFI ANSWERS MONITOR (Rogers), HIFI NEW NO 
COMPROMISE (Frisby), HI FI NEWS 

STATE OF THE ART, WIRELESS WORLD 
TRANSMISSION LINE (Bailey), PRACTICAL HIFI & 

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

Construction leaflets for Radford, Kef, Jordan Watts, 
Tannoy, HiFi Answers Monitor, Free on request 

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

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

HI -FI 
ON DEMONSTRATION 

in our showrooms: 
Akai. Armstrong. Bowers & Wilkins, Castle, 

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

Videotone, Wharfedale, etc. 

-Ask for our HiFi price list- 

THIS MONTHS SPECIALSI 
Pioneer PL12D £43.00, Pioneer PL15R £53.00, 

Pioneer 5X434 £98.95 
Rotel RX202 £80.00 

Videotone Minimax II £39.00 

We stock the complete Radford range of 
amplifiers, preamplifiers, power amplifiers, 

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

measuring set, audio noise meter etc. 

ALL PRICES INCLUDE VAT IPrices correct at 6/5/76) 

Send stamp for free 32 -page booklet 
"Choosing a Speaker" 

All units guaranteed new and perfect 
Carriage and Insurance: Speakers 50p each, 

12" and up 75p each., Kits 80p each 
IE 1 .60 per pair). Tweeters & crossovers 30p each 

WILMSLOW 
AUDIO 

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

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

AUDIO, :0 SWAN STREET, WILMSLOW 
CHESHIRE 

TELEPHONE: LOUDSPEAKERS, MAIL ORDER 
AND EXPORT WILMSLOW 29599 

HIFI, RADIO ETC., WILMSLOW 28213 

JUNE 1976 653 
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Si-PAil High quality modules 

£19.95 
The 450 Tuner provides instant program selection at the touch of a 
button ensuring accurate tuning of 4 pre -selected stations, any of 
which may be altered as often as you choose, by simply changing 
the settings of the pre -set controls. 
Used with your existing audio equipment or with the BI -KITS 
STEREO 30 or the MK60 Kit etc. Alternatively the PS12 can be 
used if no suitable supply is available, together with the Transformer 
1461. 
The S450 is supplied fully built, tested and aligned. The unit is easily 
installed using the simple instructions supplièd. 

AL 
VAT 
ADD 

12%x7. 

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

Typical Specification: 
Sensitivity 39 volts 

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

25 Watts (RMS) 

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

Load - 3, 4, 5 or 16ohms. Signal to noise ratio 80db 
Overall size 63mm. 105mm. 13mm. 
Especially designed to a strict specification. Only the finest com- 
ponents have been used and the latest solid -state circuitry incor- 
porated in this powerful little amplifier which should satisfy the 
most critical A.F. enthusiast. 

£3.95 
Stabilised Power Supply Type SPM80 
SPM80 is especially designed to power 2 of the AL60 Amplifiers, 
up to 15 watts Ir.m.s.) per channel simultaneously. With the addi- 
tion of the Mains Transformer BMT80, the unit will provide out- 
puts of up to 1.5A at 35V. Size: 63mm. 105mm. 30mm. Incor- 
porating short circuit protection. 
Input Voltage: 33 -40 V.A.C. 
Output Voltage: 33V D.C. Nominal 
Output Current: 10mA -1.5 amps 
Overlead Current: 1.7 amps approx. 
Dimensions: 

105mrn x 63mm x 30mm 
Transformer BMT80: 

£2.60 + 62p postage 

654 

£3.00 

STEREO 
PRE-AMPLIFIER PA 100 

40 

A top quality stereo pre- amplifier 
and tone control unit. The six push- 
button selector switch provides a choice of inputs together with two 
really effective filters for high and low frequencies, plus tape output. 
Frequency response + (dB 
20Hz -2oKHz 
Sensitivity of inputs: 

1. Tape input 100mV into 100K ohms 
2. Radio Tuner 100mV into 100K ohms 

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

P.U. Input equalises to RIAA 
curve within 1 dB from 20Hz 
to 20KHz. Supply - 20 - 35V 
at 20mA. 
Dimensions: 

299mm x 89mm x 35mm 

13.50 
MK60 AUDIO KIT: Comprising: 2 x ALSO. 1 x SPM80. 1 x PA 00,45p front panel and knobs. 1 Kit of parts to include on /off switch, neon in- dlcator, stereo headphone sockets plus instruction booklet. COMPLETE PRICE £27.55 plus 62p postage. 
TEAK 60 AUDIO KIT: Comprising: Teak veneered cabinet size 161" x 1 1 }" x 37 ", other parts include aluminium chassis, heatsink and front panel bracket plus back panel and appropriate sockets etc. KIT PRICE £9.20 plus 62p postage. 

STEREO 30 
COMPLETE AUDIO 
CHASSIS 

7 +7 WATTS R.M.S. 
amplifiers e and 

Stereo 
rs 

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

TRANSFORMER £2.45 
plus 62p p &p 

TEAK CASE £3.65 plus 62p p &p 
15.15 

p. & p. 45p 

RADIO & ELECTRONICS CONSTRUCTOR 
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or stereo, mono and other audio equipment 

IT'S NEW! 
IT'S POWERFUL 
IT'S THE AL250 
125 watts 
R.M.S. 

MPA 
30 

Enjoy the quality of a magnetic cartridge with your existing ceramic 
equipment using the new Bi -Pak M.P.A. 30 which is a high quality pre- 
amplifier enabling magnetic cartridges to be used where facilities exist for 
the use of ceramic cartridges only. Used in conjunction are 4 low noise, 
high gain silicon transistors. It is 
provided with a standard DIN 
input socket for ease of connection. 
Supplied with full, easy -to- follow 
Instructions. 

POWER AMPLIFIER 

Specially designed for use in: 
Disco Units, P.A. Systems, 
high power Hi -Fi, Sound 

reinforcement systems. 

The module has a sensitivity of 
450mV and a frequency response 
extending from 25Hz to 20KHz 
whilst distortion levels are typically 
below 1%. The use of 4, 11 5w tran- 
sistors in the output stage makes 
the unit extremely rugged while 
damage resulting from incorrect or 
short- circuit loads is prevented by a 

4 transistor protection circuit. 
5PECIF /CATION: 
3utput Power 125watt 
i.M.S. Cant nuous. 
3perating voltage 50 -80. 
_oads 4- 16ohms. 
rrequency response 25Hz- 
!OkHz Measured at 100 
va tts. 
ìensitivity for 100watts 
wtput at 1 klHz. 450mV. 
nput impedance 33kohms. 

Total harmonic distortion 
50 watts into 4ohms, 0.1 %. 
50 watts into 8ohms, 0.06 %. 
S/N radio better than 80d8s. 
Damping factor, 8ohms, 65. 
Semiconductor complement, 
13 transistors, 5 diodes. 
Overall size: Heatsink width 
190mm, Length 205mm, 
Height 40mm. 

ONLY £15.95+8% VAT 

2.6 

POSTAGE & 
PACKING 
Postage and Packing add 
25p unless otherwise 
shown. Add extra airmail 
minimum £1.00 

AL1O-20-30. 
AUDIO AMPLIFIER 
MODULES 

The AL 1 0 AL20 and AL30 units are similar 
in their appearance and in their general 
specification However, careful selection of 
the plastic power devices has resulted in a 

range of output powers from 3 to 10 watts 
R.M.S. The versatility of their design makes 
them ideal for use in record players. tape 
recorders stereo amplifiers and cassette 
and cartridge tape players in the home. 
Harmonic Distortion Po -=3 watts 
f kHz 0,25% 
Load Impedance 8- 16ohm. 
Frequency response t 3d8 Post watts 
5OHz -25KHz 
Sensitivity for Rated 0/P - Vss25V. 
RL=8ohm f - -1KHz 75mV. RMS. 
Size: 75mm x 63mm a 25mm 

ALIO 3w R.M.S. ,t.230 AL20 5w R.M.S. £2.65 AL30 10w R.M.S. £2.95 

PA12 

fó.50 

NEW PA12 Stereo Pre -Amplifier 
completely redesigned for use with 
5,110/20/30 Amplifier Modules. 
Features include on /off volume. 
Balance. Bass, Treble controls. 
Complete with tape output. 
Frequency Response: 
20Hz - 20KHz (-3db) 
Bess end Treble range t 12d8 
Input Impedance 1 'nog ohm 
Input Sensitivity 300mV 
Supply requirements 24 V.5mA 
Size 152mm a 84mm x 33mm 

PS12 
Bower supply for A110/20/30, PA12. 5450 etc 
,put voltage 15 20v A.C. Output voltage 

22 30v D C Output Current 800 mA Mae. 
Sire 60rnm . 43rnn, . 25mm 
Trenstormar 7538 f2.30 

£1.20 

PO BOX 6, WARE, HERTS. 
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Texan Amplifier 
as featured by 

PRACTICAL WIRELESS 
SOLE U.K. DISTRIBUTORS - HENRY'S 

gieí/G49 b t //. P. > 0 '!' 01* 
£32KIT PRICE INC. VAT+ £1,00 pgp 
Burli and t, .t,d £42.00 rne, VAT E M OO Pöp. 

Build the Texan stereo amplifier, then you can be 
doubly proud! For a start, you'll own a superb home 
entertainment unit. And have had all the pleasure of 
doing it yourself, with the Henry's kit. 
Look at the Texan specification 
Incorporating Lully Inle9raled SP:rie preamp and power ants, 
won 6 IC's, 10 transistors. 6 reentry". and Tenet diodes Plus 
stabursred, protected r.Ircrritry. allays lib pila Gardeners 
IOW field low -Ime mains nan.htrmr'r all lac dines and 
connolS. Slim design_ rhecsis 14:." x 6" s 2" overall 211 watts 
per channel MS. Ir.. than tl t S, d,.iurt,,sn all k FIT 

TEXAN FM £2350 
TUNER KIT 4 

ulc. VAT i 505, obit 

Built and tested E28.50inc. VAT 
+ 50P P&P 

Build the malehing Tesan steneo lulinl 
Features advanced vancap tuning. Plias, 
lock loop decode, Prnlessionally 
designed anent! Evnrylhrng voi, °ee:il,er 
in the krl. Front the glass libre pet) lo they 
cabinet itself. Excellent spec 2 5 uV 
aerial sensitivity. 500 fry output 
(adjustable! Tuning ranee 87 102 
MHz. Mains [Toweled. 
THE NATURAL FOLLOW -ON 

Henry's latest 
ELECTRONICS 
CATALOGUE 

* Can be 
built Stage 
by stage 
Ask Lot 
leaflets 5. * Everything, 
necessary 
supplied. 
Full after 
sales 
service and 
guarantees. 

VIDEO SPORT 
I I 

. 
If _1l 

A' "U to ,hr 
- minu:cgamri. t - Plug. rnie Yuur own TV aerial socket. Switch un. And YOU're away r Choose 'n pr game - football tennis Thole -n .Iho wall, Absolutely 

TV Marn. 
sah, For yu. Yo.,r children. And Your Pnwo otad. List Price £42.50 HENRY'S PRICE * OVER 10,000 

ALREADY SOLD * IDEAL GIFT 

£25.00 
ne VAT 50p1)4 

.rk' 

For this latest edition, we have 
made hundreds of changes and 
additions. Features now include 

* over 6000 items - * over POP paves 
many new * easy -to -use, complete 

S free 50p voucher Inside alphabetical inde 
every copy * section inde 
virtually everything * everythin at 
needed by amateurs competitive prices 
and professionals 

ONLY 

50p 
FREE to Educational Establishments when t 20,1 
ordered on official headed notepaper ,ai, /oast 

yERA 
/ 

/1Rÿ5 

7f 

All mail to: Henry's Radio 
303 Edgware Rd. London W2 

LONDON W2: 404/6 Edgware Road. Tel: 01 -402 8381 
LONDON W1: 231 Tottenham Ct Rd. ,;¡e7 0,iTel:01 -636 6681 

*NOTTINGHAM: 94/96 Upper Parliament St. Tel: (0602) 40403 
*READING, BERKS: 130/131 Friar Street. Tel:(0734)583230 
*HARROW: 190/4 Station Road. Tel: 01 -863 7788 
*CROYDON: 110 North End. 

Tel: 01- 6í81y 
r33170 f,.1 l(l ti 

Please Note: Mail Order Customers 

VAT DOWN 
HENRY'S WILL CREDIT ANY 
VAT OVERPAYMENTS 

LATEST 
BOUND VOLUME 

No. 28 
of 

"Radio & Electronics 
Constructor" 

AUGUST 1974 to JULY 1975 
Comprising 
768 pages PRICE £2.75 P &P 65p 
inc. index 

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

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

PRICES 
VOL. 25 

£2.00 per volume P &P 65p 
VOL. 27 

£2.40 per volume P &P 65p 

Limited number of these 
volumes still available. 

We regret all earlier volumes are 
completely sold out. 

now 

Available only from 

DATA PUBLICATIONS LTD., 
57 MAIDA VALE, LONDON, W9 1SN 

RADIO & ELECTRONICS CONSTRUCTOR 
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RETURN OF POST MAIL ORDER SERVICE 
E.M.I. 13-} x 8 in. 
SPEAKER SALE! NEW BSR HI -FI AUTOCHANGER 

STEREO AND MONO 
Plays 12 ", 10" or 7- records . ' 
Auto or Manual. A high 
quality unit backed by BSR t 
yeliability with 12 months. t3 

AC 200/250v 
Size 131 x 111ín. 
Above motor board 31ín. 
Below motor board 21in. 
W th STEREO /MONO CARTRIDGE £10.95 Post 75p 

PORTABLE PLAYER CABINET £4.50 
Modern design. Size 16" x 15- 7 approx, Post 50p 
Large front grille. Hinged Lid. Chrome fittings. 
Motor board cut for Garrard or BSR deck. 
Rexine covered, in red and black. 

HEAVY METAL PLINTHS 
With P.V.C. Cover. Cut out for most /s 
B.S.R. or Garrard decks. Silver grey L 
finish. Size 121 x 141 x 7 in. 
Size 16 x 131 a 7in, 16.50 Post 75p 

TINTED PLASTIC COVERS 
Sizes: 'A' -. 141in. x 12 1in. x 41in., 12.50.'B' -20 in. 
x 121ie. a 4 1in., E3. 'C' - 171in. e 13 }in. a 31in., 1325. 
Ideal for record decks, tape decks. etc. Post 45p 

R.C.S. 
t DISCO 

(+I DECK 
SINGLE 
RECORD --r' PLAYER 

Fitted with auto stop. stereo /compat. cartridge. Base - 
plate. Size 11 in. e 8 }in. Turntable. Size 7in. diameter. A/C 
mains. 220/250V motor has a separate winding 14 volt 

power a 
plays all 

amplifier. 
3 speeds alsm all size records. 

LL 
Post 

size rec. 

£6a25 Two for C12. 45p 

COMPLETE STEREO SYSTEM 
Two full size loudspeakers 131 x 10 x 31in. Player 

nit clips to loudspeakers making it extremely compact. 
Overall size only 131 x 10 a B }in. 3 watts per channel.. 

plays all records 
33 rpm 45 rpm. 
Separate pl- 
ume & tone 
controls 240v 
AC mains 

At lr u t .,., Bargain price 
Teak finish 
Weight 131ós. £22.50 85p carriage 

SMITH'S CLOCKWORK 
15 AMP TIME SWITCH 

0 -60 MINUTES 
Single pole two -way Sudase mounting with fixing screws 
Will replace existing wall switch to give light for return 
home, garage, automatic anti -burglar lights etc. Variable 
knob. Turn on or off at full or intermediate settings. 
Fully insulated, Makers last list price 14.50. Brand new and 
fully guaranteed. 

OUR PRICE £2.95 Post 35p.' 
Alm/ available 0 -6 hours. 

CASSETTE RECORDER MOTOR ONLY. 6 Volt. 
Will replace many types. Ideal for models. 01.26 

BLANK ALUMINIUM CHASSIS, 18 s.w.g. 2 in. sides 
6 a 4in. 70p 8 6in. 901i; 10 x lin. £1.15; 
14 s 9in. £1.60; 16 s 6in. £1.45; 12 x 3in. 87p; 
16 x 10in. £1.70. 

ALUMINIUM PANELS 18s.w.g. 6 x 41n. 16p; 8 e 6in. 211p; 
10 x 7in. 30p; 12 o 5in. 30p; 12 x 8in. 40p; 16 x Bin. 
46p; 14 e 9 in 50p; 12 x 12ín. 55p; 16 x l Om. 75p. 
ALUMINIUM ANGLE BRACKET 6in, long x 1 s 1 25p 

1 finch DIAMETER WAVECHANGE SWITCHES 45p. EA. 
2 p. 2 -way. or 2 p. 6 -way, or 3 p. 4 -way. 

1 p.1 2 -way, or 4 p. 2 -way. or 4 p. 3 -way. 

TOGGLE SWITCHES, sp. 20p; dp. 25p do. dt. 30p. 

R.C.S. GENERAL PURPOSE TRANSISTOR 
PRE -AMPLIFIER BRITISH MADE 

Ideal for Mike, Tape P -U., Guitar, etc. Can be use v. 

9 -12v. or H.T. line 200 -300V. D.C. operation Sao , , 

7: Response 25 c.o.s. to 25 Kds, 26 dut pain 
For use with valve or transistor equipment Post 
Full instructions supplied. Details S.A.E. C1.45 30p 

NEW ELECTROLYTICS 

2/350V 20p' 250/25V 18p 
4/350V 200 500/25V 20p 
8/350V 22p 100.100,275v 650 
16/350V 30p 150.200/275v 70p 
321500V 50p 8.81450V 50pí 
25/25V IOp 8.16/450V 50p 
50'50V 10p 16.16/450V 50p 
100/25V 10p 32.32/350V 50p 

16. 16.16/275v 45p 
50.50'300V 50p 
32.32 450V 75p 

100,50.50:'350V85p 
37.:32.32'350 75u 
30,000/25 95p 
4700'Ii3V 95e 

LOW VOLTAGE ELECTROLYTICS 
22,25.50,68. 150,470.500.680.1500,2200.3300. 
mkt all 6 volt 1Op ea. 
22.25,68, 100 ,150.200,220.330,470.680.1000. 
1500, 2200, mfd all 10 volt 10p ea. 
220, 330, 1000, 4700. mfd all 4v. 10u ea. 
1, 2. 4, 5. 8, 16, 25, 30 50. 100. 200n1F 15V 10p. 
500mF 12V 15p . 25V 20p . 50V 30p. 

1000nrF 12V 20p 25V 35p 50V 47p 100V 70t, 
2000mF 6V 25p . 25V 42p : 50V 57p 4700/63V 95p 
2500mF 50V 62p . 3000mF 25V 47p 50V 65p 
5000n1F 6V 25u 12V 42o : 25V 75p . 35V 85p 50V 95p. 
500V -0.001 to 0.1 10p: 0.25 12p, 0.47 25p 
CERAMIC 1pF to 0.01 rnF, 5p Silver Mica 2 to 5000trF 5p. 
PAPER 350V-0.1 7p, 0.5 18p, 1LnF or 2mF 150V 15p. 
MICRO SWITCH single pole changeover 20p. 
MICRO SWITCH sub min 25p. 
TWIN GANG. "0-0" 208pF + 176pF 12. 
Slow motion drive 365pF +365pF with 25pF+25pF, 50P. 
500aF standard twin gang 75p. 120 PF twin gang 50p. 

ELAC9 s 5in. HI -FI SPEAKER. TYPE 59RM. 
THIS FAMOUS AND WIDELY USED UNIT 
NOW AVAILABLE AT BARGAIN PRICE f3.45 10 WATT, 8 OHM. CERAMIC MAGNET. 

NEON PANEL INDICATORS, 250V Red or Amber, 30p 
RESISTORS, 'w.. }w.. 1w 20%, 2p, 2w 8ft. 10 to 10M. 
HIGH STABILITY. 7 w. 2'K 10 ohms to 6 meg.. 10p 
Dino 5 %, Preferred values 10 ohms to 10 wag., 4p. 
WIRE -WOUND RESISTORS, 5 watt, 10 watt, 15 watt, 
10 ohms to 100K, 12p each; 2w 0.5 ohm to 8.2 ohms 15p. 
TAPE OSCILLATOR COIL. Valve type 35p. 
FERRITE ROD 8" x j- 20p. 6 e II 20p. 3 x j' 10p. 

MAINS TRANSFORMERS 5opP0ch 

250- 0 -250V 80mA. 6.3. 2A , 12.95 
2500 -250 80mA, 6.3v 3.5a. 6.3v la or 5v 2a C4.60 
350 -0 -350 80mA. 6.3v 3.5a. 6 3v la or 5v 2a 15.80 
300 -0 -300 120mA. 6.3v 4a C.T., 6 -3v 2a 17.00 
220v 45mA. 6.3v 2a. 11.75 
HEATER TRANS 6.3v 3 amps 11.45 }amp 95p 
GENERAL PURPOSE LOW VOLTAGE. Tapped outputs 
at 2 amp 3. 4. 5. 6. 8. 9, 10. 12. 15. 18, 24 and 
30v 14.60 

1 amp 6. 8. 10. 12, 16, 18, 20, 24. 30. 36. 40 48 60 
14.60 

2a. 6, 8, 12 12. 16. 18, 20. 24. 30. 36 40, 48. 60 17.00 
3a 6, B. 10 12. 16, 18. 20, 24. 30. 36, 40, 48, 60 18.70 
5a. 6. 8, 10, 12, 16, 18. 20. 24, 30. 36. 40. 48,601112S 
5 8, 10, 16v la 12. 6 -0 -6v 500mA 1 1 9v la E 1 

12v 300mA f T. 12v 500mA 11. 12v 750mA 11 
40v 2a tapped 10v or 30v 12.50. 20v 3a E2 
40v 3a 12.50 30v 5A and 34v 2A et. 13,95 
AUTO TRANSFORMERS. 115v to 230v or 230v to 1,5v 
150w 15, 250w 16, 400w 17 500w 18 
CHARGER TRANSFORMERS. Input 200/250v 
for 6 or 12v I a 12 75 4a 14.60. 
FULL WAVE BRIDGE CHARGER RECTIFIERS 
6 or 12v outputs 11a 40p. 2a 55p, 40 85p 

R.C.S. STABILISED POWER PACK KIT 
All parts including, printed circuit and instructions to 
build this m't. Voltages available' 6v, 7.5v 9v. 12v. 
Up to 100mA output f 2.95 Post 

., Ple,m state voltage required. 455 

R.C.S. 3 WAY CROSSOVER 
Complete with 12ft twin lead fitted with din speaker plug. 
Parody assembled with leads for speakers, bass, mod and 
tweeter. Crossover frequencies 950 cps and £2.20 3 000 cps. For systems up to 25 watts, L L 

VOLUME CONTROLS 80 ohm Coax Bp yd. 

5K ohms to 2 Meg. LOG or 
LIN. VS 25p. D.P. 40p 
STEREO L'S 55p. D.P. 75p FRINUL LOW LOSS peg 

Erige 5K. S P. Transistor 25p Ideal 625 alai colour. 15 p yd 

STANDARD VHF TYPE 

Wirnw nd controls 11in diem 3 watts. IO owns to 100K 
British rerode with long spindles ;in. dia 85p ea 

DUAL CONCENTRIC POT 500k LOG + 500k LIN D.P. 
switch. Inner spindle 31in; outer spindle 21in. 75p. 

9ii',t°0 £5.25 
rB ohm Post 45p 

15 will! a 

" f 7.95 Ho If rni 
20 watt version 
8or15 ohm - 
'i. illa.lranet 

_ f8.95 

Bass units only - £6.95 
Post 65p 

Bookshelf Cabinet 
16 x 10 s 9in Teak Veneer 
For alai, units 

£6.95 
- - Post 75p 

R.C.S. 10 WATT 
AMPLIFIER KIT 

r I .4. F+CB 

h1N63 TS/ 

This kit is suitable for record players, tape play back. 
guitars, electronic instruments or small PA. systems. 
Two versions are available. A mono kit or a stereo kit. The 
mmul kit uses 13 semiconductors. The stereo kit uses 22 
semiconductors with printed front panel and volume, 
bass and treble controls. Spec. 10 watts output into 8 
rho,, 7 watts into 15 ohms Response 20 cps to 30K/cs. 
Input 100 mV high imp Sae 91in x 3in x 2in. 

Muno ke £11.25 Stereo kit £17.50 45p 

LOUDSPEAKERS P M. 3 ohms. 7 x 4m 11.25, 61in. 11.50; 
8 x 5in. 1'1.60, But. C 1.75. 10 x 6in. C 1.90; l Oin. 12.50. 
SPECIAL OFFER LOUDSPEAKERS, All Brand New. 
3 ohm. 21in. non 3 Jin, 5in 8 ohm, 21in, 21In; 5 x 31n; 

15 ohm. 'I in 5in. 6 x 4in, 5 a 3in; 7 s 41n; 
25 ulna, 2 ;m fin. 5 x 3in 35 ohm. 3in; 5in. 
80 ohnt. 2 :1n. 2;ín 120 ohm 3in. f1.25 

EACH 

LOUDSPEAKER VOLUME CONTROL 15 ohm 10 watt 
with 1io Inoq threaded bush for wood panel 
rnunnthiq 75p 

RICHARD 'ALLAN OVIN CONE LOUDSPEAKERS. 8in. 
diameter 4W F2 50, loin. diameter 5W 12.95; Post 25p. 
12in. diameter, 6W 13 50, 3 or 8 or 15 ohm models. 

SPEAKER COVERING MATERIALS. Samples Large SAE. 
Huns Tweeters 2 16Kr's. 10W 8 ohm or 16 ohm 13.60. 
De Lure Hp 111 Tweeters 2 -18 Kds, 15W. 8 ohm 16.80 
TWO-WAY 3.000 r ps CROSS OVERS 3. 8 or 15 ohm 11.90 
3 WAY CROSSOVER 850 cps and 3000 co, '25 wan) 12.20 

GOODMANS CONE TWEETER 
18 000 cos 25 watts 8 ohm Price £3.25 

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

Aeration over 250 fors continuous on SP2 battery, 
iraable swing and speed. Ideal displays teaching 

n , ,i tetism or for metronome. strobe etc. 95p. Post 20p 

WEYRAD TYPE COILS 
P50. LAC 600 RA2W 851 Iwnl Gang C2 
P50/2 CC 40p OPT1 65p I Primed 
P50'3CC 40p LFDT4 65p Circuit 85p 

COAXIAL PLUG IOp. PANEL SOCKETS 10p. LINE 18p. 
OUTLET BOXES SURFACE MOUNTING 25p. 
BALANCED TWIN RIBBON FEEDER 300 ohms, 7p ed. 
JACK SOCKET Std. open -circuit 20p, closed circuit 25 
Chmme Lead Socket 45p Phono Plugs 10p. Phono Socket 
JACK PLUGS Std Chrome 30p, 3.5mm Chrome 15p DI 
SOCKETS Chassis 3 -pin 10p, 5 -pin 10p: DIN SOCKETS 
Lead 3.pin 18g 5 pin 15p. DIN PLUGS 3 -pin 18p; 5 -pin 
25p. VALVE HOLDERS 5p, CERAMIC 10p: CANS 5p. 

R.C.S. 100 WATT VALVE 
AMPLIFIER CHASSIS 

CfilD 

Professional rno, lut Four inputs. Treble. Bass, Master 
VolnmeControls Ideal disco. P.A. or groups. 5 speaker 
outputs very robust job 
S A E for details plus 11.50 cary. 

NEW 'DISCO 100 WATT' 
ALL PURPOSE TRANSISTOR AMPLIFIER CHASSIS f 52 

; e l i c i t s ,rip puts separate volume treble Carr. t 1 

.inrI h.lc. immix Ideal disco or slave amplifier chassis. 

RADIO COMPONENT SPECIALISTS 
Minimum post 30p. Access and Barclaycard welcome 

Components Lists 10p. Cash price includes VAT 

JUNE 1976 

337 WHITEHORSE ROAD, 
CROYDON, SURREY. 

Open 9 6 Wed. 9 1 Sat. 9 5 (Closed for lunch 1.15 -2.30) 

Rail Selhurst. Tel. 01 -684 1665 
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BI-PRE-PAK 
Bargains in Semi -Conductors, components, modules & equipment. 

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

ITS ALL IN OUR FREE CATALOGUE 

Component Packs 
CPI 150 Capacitors, mixed beg of paper, silver mica. elec- 
trolyyttics. etc. Approx quantity. counted by weight. (post & 
packing/ 80p 
CP2 200 Resistors, mixed bag of different types, values. wat- 
tages, etc. Approx. quantity, Counted by weight 60p 
CP3 40 Wirewoa irewound resistors, mixed types. values and wat- 
tages 
CP4 12 Potentiometers. pre -sets, w /wound, carbon. etc. 
Mixed types and values Epp 
CP5 5 Earphones. single low impedance for transistor rack 
cassettes. etc. Less plugs. for suitable plugs see PAKs CP9 
and CP10 
CP6 50 TO -5 mounting pads. fits between transistor and 
board, for that pro. finish 
CPB 500 Cable clips for G.P.O. i" dia. cable. Nylon with 
hardened steel pin (probably tungsten) per sealed boo of 
500 0p 
CPI 5 35mm plugs. miniature jack, to fit earphones In 

6 
PAK 

CP5 60p 
CP10 5 25mm sub miniature jack, to fit earphones in PAK 
CP5 eOp 
CP11 6 Screwdrivers, 1 x mains neon tester, 5 x grub screw- 
drivers e0p 
CP12 10 Reed relay inserts, 1" long i" dia. These will 
operate from an external magnet or coil. For magnets see 
PAK CP13 
CP13 10 magnets of various sizes for operating 
reedswitches in PAK CP12. Ideal for burglar alarms on doors 
and windows. etc 
CP14 40 Potentiometers, pre -sets, carbons, dualgangs, with 
and without switches etc. Mixed values and wattagesE1.20 
CP 16 12 Standard crocodile clips, screw Fixing, good 
quality 
CP16 5 P.C. boards each containing a BF180 UHF amplifier 
transistor. A good basis for building a T.V. aerial pre -amp as 
various parts inc 60 
CP17 25 Electrolytic Capacitors, various values and 
voltages, many useful types, from T.V. to transistor radio and 
Hi -Fi (post and packing 23p) Epp 
CP1S 1 Light activated SCR.50 volts 1.6 amps type L9F. 
Ready mounted on PC board with gate resistor and leads 
fitted. Full data and circuit diagrams for 14 projects, include: 
slave photo flash unit, burglar alarm, etc 60p 
C¡P 19 3 Micro switches 1 pole change over, standard model 

CP2010 Relays. assorted types, ex -GPO and others, miixxeed 
voltages Cl , 20° 
CP21 200 Square inches of copper laminate P.C. board, in 
approx. 8 pieces 
CP22 3 Fibreglass plain printed circuit boards, approx 2yy x 1" ems 
CP23 4 Switches, miniature push to make single pole 6 p 

01 

PQE.PPK 9r.pqE 
p4K jjjjjj 

f1 -PRE-PAK Pz1Ir 

NISs Mil s9`- 
157.7 it 

4,iII °TV"WIO1 V1fti 

Semi - Conductors 
TESTED AND GUARANTEED 

TP4 3 SN7490 integrated circuits. 14 pin dual in line TTL 
type. Decade counter. Get one FREE these are 60p each in 
singles. El .20. 

All the following are at 60p each Paso 
TP9 5 SN7400 integrated circuits, 14 pin dual in line TTL 
type. Quad 2 -input NAND gate. Get one FREE, these are 15p 
each. 
TP10 2 light dependant resistors. 400 ohms light, 1 megohm 
dark }" dia. 
TP11 10 Transistors XB1O2 and X8112 equiv. to AC126, 
AC 156, 0081 /2. OC72, etc. 
TP12.4 BY127 Silicon rectifiers 1000 piv 1 amp. Plastic TV 
rectifier. 
TP13 5 OCP71 Light sensitive transistors. 
1P14 20 0071 germanium PNP audio pre -amp transistor . 

black glass type. 
TP15 20 OC81 germanium PNP audio output transistor. 
white glass type. 
TP16 20 0C200/1/2/3 transistors. PNP silicon TO -5, un- 
marked. 
TP17 20 1 watt zener diodes, mixed voltages. 6.8 to 43 
volts. 
TP18 20 2N3707/8/9/10 transistors, NPN silicon plastic, 
unmarked. 
TP19 100 Diodes, mixture of germanium, gold bonded, 
silicon, etc. a useful selection of many types, marked and un- 
marked. 
TP20 10 Mullard OC45 transistors, I.F. amp. PNP ger- 
manium. 
TP23 20 BFY50/1/2, 2N696/7, 2N1613, etc. NPN silicon 
TO -5 uncoded. Complementary to PAK TP24. 
TP24 20 BFY64, 2N2904/5, etc, PNP silicon TO -5 uncoded. 
C P N2 

0 
m 

Nn PN sitlo c oPn 

A K 
a nTPer 

2 3 
nsistors, TO -18 similar to 

BC108 etc. uncoded. 
TP31 20 PNP silicon planar transistors. To -18 similar to 
BC178 etc. uncoded. 
TP32 20 2N2926 silicon plastic transistors, uncoded and 
ungraded for colours. 

UNTESTED PACKS - 60p EACH 
Specially for keen berysln hunters 

UT1 50 PNP germanium transistors. AF and RI. Very good 
yield. 
UT2 150 Germanium diodes, miniature glass type. 
UT5 40 Zener diodes, 250 mW 04Z240 range, average 50% 
good 

SINGLES 
Bridge Rectifiers, Plastic encapsulated 
P I V = 50v 100v 400v 
1 amp 25p 35p 45p 
4 amp 45p 60p 80p 
6 amp 60 e0p 90p 
BY164 equiv. SK82 /02 400v 1.5 amp 45p 
F.E.T.s: 
2N3919 18p; 2N4416 20p 
Mos EE.T.s: 
3N141 /MEM616. _....._.. ._._sop 
Uni -Junction Transistors 
2N2160 ere 48P 

TIg 43 31p 
P.U.T.a: 2N26027 Sop 
L.E.D.a: TIL209, Red 18p 
TIL211, Green 33p 
Also: 
POWER DIODES, 
THYRISTORS. 
TRIACS, 
DIAC, 
ZENER DIODES, 
OPTO- ELECTRONICS, 
Etc. 

X-44 POCKET SIZE R.F. 

CROSS HATCH GENERATOR 
Site I0 s 75 s 50mm strong plastic case 
with handle stand 4 pus :, button operation 4 
Rattan, sen -contained line and frame 

and synchru pulse Pre set adjust fi' R r output and line f,ane synch. Uses 4 
alkaline type 1600 parts. Blank raster facility 
FOR COLOUR AND MONO. (P /P add 
95nI £27.500 ,rad 

BIPREPAK LTD 
WRITE 
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222 224 WEST ROAD,WESTCLIFF-ON-SEA,ESSEX SSO 90F. 

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

1 

1 

POWER TRANSISTORS 
Vc Watts 1c Amps Price 

40P1 15 20 3 20p 40N2 40 40 4 p 40P2 40 40 4 30p 
90N1 15 45 4 25p 
9OP1 15 45 4 25p 
90N2 40 90 
90P2 40 90 8 ;5p 

Many other types awgable from 3 to I f5 netts 
Integrated Circuits: MM5314 Dual in line clock chipE3,00 
LM 380 /SL 60745 Dual in line 2w audio amp. with data, 

em. 75P 
Dual in line IC sockets 8 pin - 14p; 14 -pin - 15p; 16 -pin - 
16p 

Sundry 
Signal Generator: For MW and IF covers 550 KHz to 1.e 
MHz for MW and 400 to 550 KHz for IF. Fully portable (p&p 
40p1 E4.25 Pocket Signs/ Injecta: Fountain -pen type. Invaluable for 
finding faults COW 
En -GPO 5" Sidecutters: Not new. but in perfect order_pe, 
pair 

60OPp En -GPO 6" Long Na.. Plias: Not new. but in perfect order, 
per pair eOD Mains Transformers: 
MT6 6v 0 6v 100mA E1.22 MT12 12v 0 12v 50mA E1.22 
SST9 /1 9v 1 amp E1.67 
SST12/1 12v lamp E2.06 
SST18 /1 18v lamp E2.60 
SST25/2 25v 2amp E3.00 
SST30/2 30v 2amp E4.26 
SST35/4 35v 4amp E6.60 
PC EDGE CONNECTORS 
Ty 
SSEC 6 way 
SSEC 10 way 
SSEC 12 way 
SSEC 16 way 
SSEC 18 way 
SSEC 22 way 

Sises 

21.. 

Pitch 
.158" 
.156" 
.156" 
.156" 
.156" 
.156" 

Price 
32p 
bop 
bop 
76p 
86p 

loop 
Other untested packs 80p ea. 
UT10 15 power transistors, PNP germanium and NPN 
Silicon. mostly TO -3 but some plastic and some marked. 
UT13 15 Integrated circuits, experimenters pak, dual in line, 
TO -5. TT L. DTI. marked and unmarked, some definitely good 
but old types. 

For full ranges - See our latest free Catalogue 
BOOKS 

All free of VAT - We carry nary large stocks of technicel 
books by Bebani a Barnard Publishers, by Newnes and 
Butterworth as well as reference books from the Com- 
mon Market in English / Gorman lltalian. All detailed in 
our catalogue. 

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

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

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

Don't forget V.A.T. at 123% of Mention this journal when 
total value of order unless ordering if you don't want to 
otherwise stated. cut out the coupon. 

TERMS OF $USINESS: 
123% VAT must be added to total value of order except for items marked 
or 18 %) when VAT is to be added at 8 %. No VAT on overseas orders. POST & 
PACKING add 30p for UK orders unless marked otherwise. Minimum mail 
order acceptable - E1. Oversees orders. add E1 for postage. Any difference will be credited or charged. PRICES subject to alteration. without notice. 
AVAILABILITY: All items available at time of going to press when every ef- 
fort is made to ensure correctness of information. 

To BI- PRE -PAK, 224 -226 WEST RD.. WESTCLIFF -ON -SEA, ESSEX 

Please send 

for which I enclose 

Name 

Inc V T 

1 
Address ' 

REC 64 ,-------- -- - - -J 
RADIO & ELECTRONICS CONSTRUCTOR 
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THE ABOVE KIT IS AVAILABLE 
AS SEPARATES 

£ p p &p 

Kit Complete as above 30.26 1.00 
Mk.11 Drill Stand 3.76 35 
Mk.II Drill Only 8.00 35 
Flexible Shaft 5.00 25 
Transformer 5.50 62 
S.30 Kit (30 tools) 16.00 75 
S.10 Kit (10 tools) 12.50 55 

(Any Quantity) 

Replacement accessories ....40p each 15p 
Circular Saw Blade Sets (4) £2.40 15p 
Spare Collets £0.40 15p 
Spare Chuck & 3 Collets £2.50 15p 

ALL ABOVE PRICES INCLUDE V.A.T. 

/ FOR ILLUSTRATED LEAFLET S A & ORDER FORM 

JUNE 1976 

PRECISION PETITE LTD 

119a High Street 

Teddington, Middx. 

Tel: 01 -977 0878 

Have pleasure in introducing 
their Precision Tools from 

France for all types of 
electronic design and 

development, professional 
or amateur 
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"I MADE IT MYSELF" 
Imagine the thrill you'll feel ! Imagine how impressed 
people will be when they're hearing a programme on a - 
modern radio you made yourself. 

Now! Learn the secrets of radio 
and electronics by building your 

own modern transistor radio! 
Practical lessons teach you sooner 

than you would dream possible. 
What a wonderful way to learn - and pave the µáÿ lo 
new, better -paid career! No dreary ploughing through page 

after page of dull facts and figures. With this fascinating. 
Technatron Course, you learn by building! 

You build a modern Transistor 
Radio . . a Burglar Alarm. You 
learn Radio and Electronics by doing 
actual projects you enjoy - making 
things with your own hands that 
you'll be proud to own! No wonder 
it's so fast and easy to learn this 
way. Because learning becomes a 

hobby! And what a profitable hobby. 
Because opportunities in the field 
of Radio and Electronics are growing 
faster than they can find people to 
fill the jobs! 

No soldering - yet you 
learn faster than you 
ever dreamed possible. 
Yes! Faster than you can imagine, 
you pick up the technical know 
how you need. Specially prepared 
step -by -step lessons show you how 
to read circuits - assemble compon- 
ents - build things - experiment. 
You enjoy every minute of it! 

You get everything you need. 
Tools. Components. Even a versatile 
Multimeter that we teach you how 
to use. All included in the course. 
AT NO EXTRA CHARGE! And 
this is a course anyone can afford. 
(You can even pay for it by easy 
instalments). 

So fast, so easy, 
this personalised course 
will teach you even if 
you don't know a thing 
today! 
No matter how little you know now, 
no matter what your background 
or education, we'll teach you. Step 
by step, in simple easy -to- understand 
inguage, you pick up the secrets 

of radio and electronics. 
You become somebody who makes. 

things, not just another of the 
millions, who don't understand. 
And you could pave the way to a 

great new career, to add to the 
thrill and pride you receive when 
you look at what you have achieved. 
Within weeks you could hold in 
your hand your own transistor 
radio. And after the course you 
can go on to acquire highpowered 
technical qualifications, because out 
famous courses go right up to Cils 
& Guilds levels. 

Send now for FREE 
44 -page book - see how 
easy it is - read what 
others sayl 
Find out more now! This is the 
gateway to a thrilling new career, 
or a wonderful hobby you'll enjoy 
for years. Send the coupon now. 
There's no obligation. 

POST 

TODAY FOR 

FREE BOOK 

F 

To: ALDERMASTON COLLEGE 
DEPT. CRE 18, READING RG7 4PF 

Also at our London Advisory Office, 4 Fore Street 
Avenue, Moorgate, London, ECU 5EJ Tel: 01 -628 2721 
yes, I0 luxe to snow more aoout your course. 'lease seno 
me tree details -plus your big, 76-gaye 000k that tells 
about all your courses. 

CRE 18 

NAME 

ADDRESS 

POSTCODE [BIET i 

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
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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. 

e,.v.crttaxxt 
s%st uw,^ro>t 

PRICE £1.00 P. & P. 25p 

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

Data Publications Ltd. 
57 Maida Vale London W9 ISN 
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These days you can Dial -a -Van, Dial -a- Recipe, Dial -a -Pop 
Tune, even Dial -a -Wine. But Home Radio Components Ltd. 
have been offering such a service for years! Those of you 
who already own one of the renowned Home Radio Com- 
ponents catalogues already know all about it. For the benefit 
of those who are still struggling along without one, here is 
how you set about it. 
1. Purchase a Home Radio Components Catalogue. 

(See details further on). 
2. Join the HRC Deposit Account scheme, by simply sign- 

ing the simple form enclosed in the catalogue. 
3. Send it to HRC with your deposit. The deposit is half of 

whatever credit you require; i.e. if you want £ 10.00 you 
send £5.00. 

4. You will receive back: a copy of your Agreement, 
special Order Forms, pre -paid envelopes for sending 
them, a Record Card on which to note your spending, 
and simple instructions to enable you to use the service 
to best advantage. 

Now you are all set to dial your component orders any hour 
of the day, any day of the year - including Sundays, 
holidays, even Christmas Day. You have yoúr own exclusive 
telephone number, which after business hours is connected 
direct to an answerphone. 

Like the idea? Then send for your Home Radio Catalogue straight away. It costs only 54p plus 45p postage and pack- 
ing, and it contains 6 vouchers each worth 5p when used as directed, so you can soon get back 30p of your investment. Moreover, if you join the Deposit Account scheme you will 
receive a new catalogue free whenever it is reprinted. Its 
hardly surprising that over a thousand customers are already 
using this simple method of buying their components. Try it now - you'll never regret it. Send 99p by cheque, Postal 
Order or Giro with the coupon below, and soon you'll be twirling your telephone dial whenever you urgently want some parts! 

Today's finest Compo 
The price of 99p applies - ¡ Catao 
only to customers in the _ 65p plus 34p POST & PACKING 9fle 

--- nents 

UK and to BFPO Addresses. 

r Please write your Name and Address in block capitals 

NAME 

ADDRESS 

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

Regd. No 912966, London 

HOME RADIO (Components) LTD. Dept. RC, 234 -240 London Rad, Mitcham, CR4 3HD. Phone: 01 -848 8422 
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NEWS AND 
RESULTS OF BI -PAK COMPETITION 

WINNERS 

1st Prize: 22 in. Colour Television, Mr. and 
Mrs. Munt of Tooting, London. 
2nd Prize: Legionaire Stereo Amplifier, Deck 
and E.M.I. Speakers, Mr. William J. B. Atrill, of 
Barking, Essex. 
3rd Prize: Black and White Portable T.V., Mr. I. 
A. Barton, of Loose, Maidstone, Kent. 
4th Prize: Electronic Calculator, Mr. R. 
Attwood, Dept., Electrical Engineering, 
Imperial College, London. 

49 consolation prizes of Electronic Slide 
Rules were also awarded. 

Bi -Pak Semiconductors wish to thank all 
participants. 

We congratulate all the various winners in 
the competition which was open to readers of 
our December issue. If you were unlucky this 
time, perhaps it will be your turn next year! 
Watch for the date. 

Photo shows Mr. Munt accepting the 1st 
Prize from Mr. Roger Powell of Bi -Pak 
Semiconductors. 

A full list of winners is available on request 
from: Bi -Pak Semiconductors, P.O. Box 6, 
Ware, Herts. 

PB SUPER SOLDER BOARDS 
PB Electronics of 57 High Street, Saffron Walden, 

Essex, claim great savings in costs by using their PB 
breadboards and Super Solder boards, instead of con- 
ventional prototype circuit boards where once a corn - 
pònent is soldered in it is difficult to remove it without 
damaging the component and wasting the board. 

The PB approach makes the experimenting and 
construction of electronic circuits simpler and 
cheaper. Simply insert the components directly into 
the breadboard, no soldering required, made a mis- 
take simply unplug the components and insert again. 
Build a medium wave radio - fine. Unplug the com- 
ponents and build a light flasher, not flashing fast 
enough, unplug the capacitor and try a lower value - 
a small stock of components can be used over and over 
again. 

Every month the popular electronics and radio con- 
struction journalists publish exciting and interesting 
circuits to build. The hobbiest can build these cir- 
cuits, experiment with them, learn, without touching a 
soldering iron and use the components again. When 
that "SPECIAL" circuit comes along that the hob - 
biest wants to keep, hé simply takes his PB SUPER 
SOLDER BOARD, transfers the components from his 
already working circuit on the breadboard to the same 
holes on the S.S.B., turns the board over and solders 

the components into place. All that is left now to do is 
house the board in a suitable case - PB Electronics 
also market a range of plastic cases. 

Super Solder Boards coupled with the S, T and U- 
Dec breadboards offer the home constructor a new 
dimension in constructing a tremendous range of cir- 
cuits. These go from a simple single transistor circuit 
to a system using 72 integrated circuits. 
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COMMENT 

MARCONI INTERNATIONAL 
FELLOWSHIP 

By the time these notes appear in print HRH The Duke of Edinburgh, 
the Society's President, will have presented the 1975 $25,000 Marconi 
International Fellowship to Dr. Hiroshi Inose, Professor of Engineering 
at the University of Tokyo. 

Dr. Inose, who was born in Tokyo in 1927, is a leading authority on 
the application of electronic computers. He has led the research and 
development of Time Division Switching systems which are at the heart 
of an evolving integrated digital computer communication system. 

The Marconi International Fellowship was established in 1974 on the 
100th Anniversary of the birth of Guglielmo Marconi by 22 inter- 
national communication and electronic corporations. 

OSCILLOSCOPES 
Among the articles on test equipment which we publish, we 

always find that anything concerning oscilloscopes is popular. 
For example the article "New Transistorised Oscilloscope ", 
which appeared in our September, October and November 
1975 issues did, as we anticipated, arouse great interest. 

Next month we are featuring an oscilloscope beam splitter - "4 -Way Beam Splitter" - which will convert many single 
beam instruments for multiple trace display without the 
necessity for internal modification. It will be very suitable for 
use with the "New Transistorised Oscilloscope" as well as with 
many commercial oscilloscopes. 

TV JUBILEE -BAIRD'S 1ST 
SUCCESS 

Fifty years ago a packed audience at the Royal Institution in London 
witnessed the first major public demonstration of television. A BBC 
World Service item recalled the occasion and the man who inspired it - 
the Scottish inventor John Logie Baird. 

The story of attempts to send pictures over a distance stretches back 
well over a hundred years. Motionless pictures were transmitted as early 
as the 1850s, and the principle of breaking a picture down into its 
elements, or scanning it, was well known in the last century. 

But although many scientists and engineers laid down the principles 
by which a moving picture might be transmitted, it was left to a largely 
self- taught Scottish inventor, John Logie Baird, to put principles into 
practice during the 1920s. 

It was Baird's stubborn refusal to face scientific facts that led even- 
tually to his first success. Relatively simple calculations proved con- 
clusively that it would be almost impossible to transmit a clear, high - 
definition picture using the materials and methods of the time. 

The early thirties saw a neck and neck race between Baird and his 
associates on the one hand, trying desperately to raise the standard of 
their mechanically produced pictures, and the Marconi -EMI company. 
which was developing an entirely new, all- electronic system. 

On 2nd November, 1936. the new service started from the Alexandra 
Palace in North London, using two systems - Baird's and the EMI 
system - in alternate weeks. The result of the trial was almost a 
foregone conclusion. 

Despite the valiant efforts of Baird and his team, his 240 line 
mechanical system did not stand comparison with the 405 line elec- 
tronic system. Four months later this became the standard for British 
television, a standard which is only now being gradually phased out in 
favour of the newer 625 line standard. 
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INTERCOM MEETS 
BS415 
SAFETY 
STAN DARDS 

Eagle International have introduced 
a new model, the WI 3 wireless inter- 
com, it is an improved version of the 
WI 2 and transmits on mains circuit. 
No cable or batteries needed, simply 
plug into the nearest AC power point. 

It is claimed that the WI 3 is the 
first intercom to comply with BS 415 
safety standards and will transmit up 
to half a mile with both units on the 
same phase. It has talk, lock and 
volume controls, plus pilot light. The 
intercom incorporates a built -in noise 
suppression "squelch" circuit and 
buzzer call. Recommended retail price 
is £26.30. 

OtEstkeE 

Testing, Testing, Three .. . 

Two ... One ... 1 
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NICKEL CADMIUM 

Rechargeable nickel cadmium cells are becoming increasingly 
popular in these days of rising battery costs. Because of their low 
internal resistance they should preferably be charged by constant 
current sources, and this article describes a unit which is capable 
of charging up to four 'AA' size nickel cadmium cells. These are 

similar to standard HP7 dry cells. 

Using ordinary dry cells and batteries for supplying 
electronic and electrical equipment can be an expen- 
sive business in the long term. Nickel cadmium 
(NiCad) rechargeable cells are nowadays proving to 
he a popular alternative to dry cells and they are fre- 
quently used to power such pieces of equipment as 
electronic flashguns, calculators and portable tape 
recorders. 

Apart from the rechargeable aspect, nickel cad- 
mium cells have a very low internal resistance which 
can often be an advantage. For instance, the recycling 
time of a flashgun can be reduced by about half to 
one -third of the recycling time obtained with ordinary 
cells. 

The principal disadvantages of nickel cadmium 
cells are a high initial price and the cost of a suitable 
charger. Nevertheless they are still in many instances 
cheaper to use in the long run than ordinary dry cells, 
this being especially true if the charger is home - 
constructed at low cost. 

Nickel cadmium cells are manufactured in the 
same sizes as standard dry cells, and a particularly 
useful type is the Ever Ready NCC50, which is the 
rechargeable version of the HP7 cell. The nickel cad- 
mium version of the HP7 cell is also referred to as size 
'AA'. The charger described in this article is 
specifically intended for NCC50 cells or equivalents, 
and it may charge any quantity up to four of these in 
series. The charger can also be used to charge smaller 
cells if the value of one resistor is suitably altered. 

AA -NCC5O CELLS 
Ever Ready NCC50 cells are hermetically sealed 

and require no maintenance. They have nickel plated 
steel cases, which provide the negative terminal, and 
resealable safety vents incorporated in the top cover 
forming the positive terminal. The vents help to pre- 
vent cell damage under conditions of abuse. Normally 
the cells will remain completely sealed throughout 

,their life and no gas or electrolyte will escape. 

L4(37 

It is recommended that NCC50 cells be charged at 
a constant current between 25 and 65mA until they 
have received a charge of 0.75 ampere -hour. If they 
are charged at about 50mA, as occurs with the charger 
to be described, the charge time for a fully discharged 
cell works out at 15 hours. When charged, the cell has 
a capacity of 0.5 ampere -hours at the 5 hour rate. 

The nominal voltage of the Ever Ready NCC50 cell 
is 1.25 volts, this falling to 1 volt when the cell is com- 
pletely discharged. The voltage rises to 1.4 to 1.5 volts 
when fully charged. 

Nickel cadmium cells should not, in general, be 
charged at high currents except under conditions 
stipulated by the manufacturer. Because of their low 
internal resistance some form of current limiting in 
the charger is essential. A constant current limiting 
circuit is preferred as this rovides a fixed charge 
current regardless of cell voltage. 

Great care must be taken not to forget the cells once 
they have been connected to the charger. It must be 
remembered that the charger will still pass current 
through the cells even if they are fully charged. A 
small amount of overcharge, say for several hours, is 
permissible but is best avoided, if possible. 

The figures just quoted refer to Ever Ready size 
'AA' cells. Figures given,by other manufacturers may 
vary a little from these. 

THE CIRCUIT 
The complete circuit diagram of the charger 

appears in Fig. 1, and it will be apparent from this 
how simple the unit is. 

T1 is a mains transformer with a centre -tapped 
secondary and this feeds a full -wave rectifier and 
smoothing circuit incorporating D1, D2 and Cl. R1, 
D3, D4 and D5 form a voltage reference source. The 
diodes are all silicon types and are forward biased by 
the current flowing via Rl. About 0.65 volt is 
developed across each diode, and as a result (assum- 
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CELL CHARGER 

By A. P. Roberts 

ing that TR1 collector is suitably loaded) the base of 
TR1 is held about 1.95 volts positive of the negative 
supply rail. About 0.65 volt is also dropped across the 
base- emitter junction of TR1, and therefore a stabiliz- 
ed voltage of about 1.3 vclts appears across the 27 cl 

emitter resistor, R2. 
From Ohm's Law we can calculate that a current of 

about 48mA will flow through R2 in the emitter cir- 
cuit of TR1. As the collector and emitter currents of a 
reasonably high gain transistor, such as the 2N3404 
used here, are very nearly identical, almost the same 
current will flow between TR1 collector and the 
positive supply rail when a suitable low impedance 
path is inserted here. 

The charger in use. Cells being charged are 
fitted to a battery holder 

A 
ffiOlflS 

< 

T DI 

1N 4001 

1+ 
Output 

OV D3 

BAY 31 

D4 

+ BAY 31 

D5 

+8AY31 

TRI 

2N3404 

2N3404 
Lead -outs 

Fig. 1. The circuit of the nickel cadmium cell 
charger. This produces a constant current of 

approximately 48mA 

R2 

COMPONENTS 

Resistors 
R1 5.6k n , ; watt 10% 
R2 27 n, ¡ watt 5% 

Capacitor 
Cl 4000' electrolytic, 16 V Wkg. 

Transformer 
T1 Miniature mains transformer, secondary 
9 -0 -9V at 100mA 

Semiconductors 
TR1 2N3404 
D1 1N4001 
D2 1N4001 
D3 BAY31 
D4 BAY31 
D5 BAY31 

Miscellaneous 
Veroboard, 0.15in. matrix, 15 holes x 10 
strips 
Case (see text) 
Battery holder (see text) 
Battery connector, PP3 type 
2 -way tagstrip 
Mains lead 
2 grommets 
Nuts, bolts, etc. 
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t a 

Charger output 

Cells connected 
in series 

Fig. 2. Cells are connected to the charger in 
series and with correct polarity. Here, three 

cells are so connected 

A nickel cadmium cell (or cells) provides a suitable 
current path, and the collector potential of TR1 will 
always adjust to provide a charge current of about 
48mA, regardless of the level of charge in the cell, or 
whether there is one, two, three or four of them. Ti 
secondary does not provide sufficient voltage to allow 
more than four cells to be charged at any one time. 

Note that when more than one cell is being charged 
at a time, the cells are connected in series with the 
positive of one cell connecting to the negative of the 
next, as in Fig. 2. The cells must not be connected to 
the charger wrong way round. 

Due to component tolerances the exact charge 
current will vary slightly in individual chargers made 
up to the circuit of Fig. 1, but this should always be 
within a few milliamps of 48mA. The short -circuit 
current of the prototype was measured and found to 
be a fraction over 50mA. 

CONSTRUCTION 
The charger can be fitted in any small metal or 

plastic box large enough to take all the parts comfor- 
tably and which has a lid which is secured in place by 
screws. The prototype was housed in a ready -made 
plastic and aluminium box with internal dimensions 
of about 120 by 65 by 40mm. (4} by 24 by 14in.) and 
there are many suitable inexpensive cases of around 
these dimensions available. To avoid possible mis- 
takes, it is advisable to obtain the mains transformer 
first, or at least establish its dimensions, before 
purchasing the case. Some transformers may be a lit- 
tle larger in size than that used in the prototype. The 

Layout is not critical. In the prototype the com- 
ponents are mounted on the metal lid of a 

metal and plastic case 
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basic layout of the unit can be seen in Fig. 3 and the 
photographs. However, the layout is in no way critical 
provided that care is taken to ensure that all mains 
connections are inaccessible when the lid of the case is 
in position. 

The small components are wired up on a piece of 
Veroboard of 0.15in. matrix, this having 15 holes by 
10 copper strips. Full details of this and the other wir- 
ing are given in Fig. 3. 

Start by cutting out the Veroboard panel with a 
hacksaw, and then drill out the two 6BA clearance 
mounting holes. Next make the seven breaks in the 
copper strips at the points indicated, using a Vero spot 
face cutter or a small twist drill held in the hand. The 
components are then soldered to the panel. TR1 is 
soldered to the panel such that its body and integral 
heatsink clip is a little above the body of Cl. 

The mounting holes in the case for the various parts 
can next be drilled. The holes may be marked out 
with the aid of the parts themselves. Also required are 
two holes to take grommets for the mains input lead 
and the charger output lead. A solder tag is secured 
under one of the mounting nuts for Tl and the earth 
wire of the mains lead connects to this. This earth con- 
nection is made to the transformer frame with either 
plastic or metal boxes; in the latter instance the con- 
nection earths the metal box also. The mains lead 
should be secured to the case on the inside. Most 
miniature mains transformers have flying leads 
rather than tags. A 2 -way tagstrip or 2 -way connector 
block is then required for connecting the transformer 
primary leads to the live and neutral wires of the 
mains lead. If the transformer secondary leads are too 
short to reach the Veroboard connection points, exten- 
sion lengths of thin flexible wire may be soldered to 
them as required, the joints being covered by sleeving. 

The Veroboard panel is spaced away from the in- 
side case surface by 6mm. spacing washers passed 
over its two 6BA mounting screws. If the case is metal 
and there is any risk of connections on the underside 
of the Veroboard panel touching its inside surface, the 
case area under the board should be covered with 
plastic insulating tape. 

CELL CONNECTIONS 
The most convenient means of making connection 

to the cells being charged is to fit these into a plastic 
battery holder designed to take HP7 cells. Battery 
holders are available for either two or four cells and 
are fitted with connectors similar to those en- 
countered on a PP3 battery. In consequence, the two 
output leads of the charger are terminated in a PP3 
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Mains input 

Solder tag 

Output to battery 
connector 

6134. clear 

battery clip, which is then plugged into the battery 
holder connectors. 

If only one cell is to be charged a holder for two cells 
may be employed with one cell position short - 
circuited. Similarly, three cells can be accommodated 
in a holder for four cells, again with one position 
short- circuited. It is a simple matter to fit a lead 
across the battery holder position not occupied by a 
cell. 

After the wiring has been completed and carefully 
checked the unit may be tested for constant current 
operation. Connect a testmeter switched to read 0- 
100mA (or to any other range which enables currents 
of around 48mA to be indicated) to the output of the 
charger via a series resistor of 68 f1, as in Fig. 4. Apply 

6Bn 
CI 1/4 

Charger output 

O-I00mA 

Fig. 4. Test circuit employed 
for checking the constant 
current operation of the 

charger 
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Fig. 3. Illustrating the layout of the components 
on the Veroboard panel together with general 

wiring details 

O 0 0 0 O O O ( o( o o o 

O 0 0 0 0 0 0 O O o o(o=C= 
O 0 0 0 0 0 0 0 0 0 o(o)o o o 

O 0 0 0 0 0 0 o o o o o o 

O S S O o o o o o o o o o o o 

O 0(0(0 Q O o O O o o 

O 0 0 0 0 0 0 o 0 0 0 0 0 

O 0 0 0 0 0 , 0 0 . 0 ( 0 ) 0 0 0 

O O O O O O O 0(0)000 
o 0 O O ' O ( O) O O o 

the mains supply to the charger. The meter should 
give a reading of approximately 48mA. Temporarily 
short- circuit the 68 n resistor and, if there is no 
sudden increase in meter reading, short- circuit it 
again to enable a second current reading to be observ- 
ed. This should be the same as the previous reading, 
or just slightly. greater. 

The unit is then ready for use. No on -off switch is 
provided and the charger is brought into operation 
simply by plugging it into a mains socket and 
switching on at the latter. 

Cells should not be left connected to the unit when 
it is not charging. Leaving the cells connected will not 
damage them, but will cause them to slowly discharge 
into the charger circuitry. 

A further view of the components. Note the in- 
tegral heatsink clip on the transistor 
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The completed charger takes up little space, 
and is simply plugged into the mains supply 

when it is required 

OTHER CURRENTS 
The unit may be modified to charge at constant 

currents lower than 50mA by increasing the value of 
R2. The new value is calculated by dividing 1,300 by 
the required charging current in milliamps. Thus, if a 
charging current of 25mA is to be provided, the 
calculated value for R2 is 52 f2 . The nearest 5% 
preferred value of 51 f2 will be satisfactory in prac- 
tice. The nearest 5% preferred value may be 
employed in other instances where the calculated 
figure is not a preferred value. 

The charger must not be modified to provide charg- 
ing currents greater than 50mA. 

COMPONENTS 
Apart from the 2N3404 required for TRI, the com- 

ponents are readily obtainable. The 2N3404 is 
available from Bi -Pak. This transistor is not now in 
production and there is a small possibility that in time 
it may be difficult to obtain. Suitable alternatives 
which have been checked by the author are the 
2N1711 and the 2N3053, both of which have the lead - 
out layout shown in Fig. 5. Unlike the 2N 3404, these 
do not have the advantage of an integral heatsink and, 
if used in the circuit, must be fitted with a T05 clip -on 
heatsink to prevent overheating. 

2NI711 

2N3053 
Lead -outs 

Fig. 5. As describ- 
ed in the text, 
alternative tran- 
sistors may be 
employed. These 
have the lead -out 
layout shown here 

(For the record, the 2N3404 employed in the unit is 
the device as manufactured by Brimar and General 
Electric. There is a Sescosem version of the 2N3404 
which has the base and collector lead -outs transposed 
and which is listed in some references - Editor). 

The three silicon diodes, D3, D4 and D5, are 
general purpose types, and BAY31's were employed 
in the author's unit. The 0A200 or OA202 may alter- 
natively be used. Miniature silicon rectifiers, such as 
those in the 1N4001 to 1N4007 series, are not suitable 
for D3, D4 and D5 as they have too low a forward 
threshold voltage. 

So far as the nickel cadmium rechargeable cells 
themselves are concerned, a selection of those in the 
Ever Ready range including the NCC50 is available 
from Doram Electronics. 

BOOK REVIEW 
EXPERIMENTS WITH OPERATIONAL AMPLIFIERS. By G. B. Clayton. 140 pages, 235 x 145mm. (91 x 51in.) 
Published by The Macmillan Press, Ltd. Price £2.65 (limp) or £6.50 (hardcover). 

The subtitle to this book is "Learning by Doing ", a phrase which aptly sums up what the book sets out, 
successfully, to accomplish. 

The first chapter introduces basic operational amplifier concepts and deals with op -amp followers, summing 
amplifiers, integrators and differentiators. It is followed by a chapter covering basic applications, including 
resistive feedback circuits, integrator action and drift, frequency to voltage conversion and the production of 
staircase waveforms. The next chapter discusses non -linear op -amp circuits, amongst which appear log circuits 
for multiplication, division, the generation of powers and the measurement of transistor current gain; whilst the 
fourth chapter gives details of signal processing, phase detection and transistor and capacitance 
measurements. The fifth chapter carries on to comparators, multivibrators and timing circuits; and the final 
chapter is devoted to op -amp signal generation. There is an appendix dealing with performance errors and the 
book ends with a detailed index. 

All the experiments can be carried out with the 741 op -amp, which is both inexpensive and robust enough to 
withstand many wiring errors and accidents. The experiments are carefully described and illustrated, and the 
book forms an authoritative reference on operational amplifiers in addition to its primary function of presenting 
practical working circuits. The prices quoted at the head of this review are at Special Offer level, the published 
prices being £3.35 and £7.95 respectively. 

668 RADIO & ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com

www.americanradiohistory.com


SUGGESTED CIRCUIT H 307 

BURGLAR 
ALARM 

© CIRCUITS 
By G. A. French 

It is an unhappy reflection on our 
current times that there is a continuing 
increase in interest on the subject of 
burglar alarms. Simple burglar alarms 
can be readily home -constructed, and 
this article describes a number of 
systems which can be employed to give 
warning . of illegal entry. In all the 
systems to be described the momen- 
tary breaking of a guard circuit causes 
an electric bell to commence ringing. 
The bell then continues to ring even if 
the circuit which has been broken is 
completed again. The guard circuit is 
given by normally closed switches at 
doors and windows which are all con- 
nected in series. Opening a door or 
window causes the appropriate guard 
switch to break the circuit and the 
alarm to sound. The alarm will also be 
given if the wiring between the guard 
switches is cut. 

CATEGORIES 
Simple burglar alarms of this type 

fall into two categories of use. The first 
category is given by the case where the 
resident is inside the protected 
premises and requires warning that an 
entry is being carried out. Thus, war- 
ning is given if the occupant is asleep 
in bed or is, to quote a classic instance, 
watching television. Warning can also 
be given if an attempt is made to break 
into an outhouse or garage. 

The second category of use applies 
to the instance where the occupant 
wishes to have the system protect the 
property when he leaves it unoccupied. 
If anyone attempts to enter the 
premises the bell again commences to 
ring and to keep ringing. This is liable 
to deter the would -be thief who is, 
naturally, unwilling to have attention 
drawn to his activities. In suburban 
areas, the continual ringing of an elec- 
tric bell will also be noticed by 

JUNE 1976 

neighbours, who can take appropriate 
action. 

The systems described in this article 
are very good for protection in the first 
category of use but, for reasons which 
will become apparent when the 
systems are discussed, have some dis- 
advantages for the second category. 
They can still, nevertheless, be of con- 
siderable help in this second category 
for forestalling the less experienced 
class of thief. 

All the systems operate from 
batteries and are therefore indepen- 
dent of the mains supply. Also, all the 
systems switch on the warning bell by 
way of a relay rather than by means of 
a semiconductor device such as a 
thyristor or a power transistor. The 
author considers that a relay is to be 
preferred for home -constructed in- 
stallations since it enables quick 
checks of the system to be carried out. 
The operation of a relay can be seen, 
whereupon it is a very simple matter to 
check a system after it has been in- 
stalled. If the relay armature is seen to 
move to the required position when the 
guard circuit is broken then this is an 
obvious indication that the circuitry 
up to and including the relay coil is 
operating satisfactorily. Except for the 
first system to be described, the bell 
circuit can also be checked by lightly 
pressing down the relay armature so 
that it takes up the energised position. 

The relay employed in all the cir- 
cuits is the 'Miniature Open P.C. 
Relay' with 410 ß coil which is retailed 
by Doram Electronics. This versatile 
relay is rated at coil operate voltages 
from 4.8 to 35 volts and its single set of 
changeover contacts can switch 
currents up to 5 amps at 30 volts d.c. 
Although intended for printed circuit 
board mounting, it may also be 
secured in position by two 8BA bolts 
passing through holes in its metal 
frame. 

1 

NON -ELECTRONIC SYSTEM 
Fig. 1. illustrates a robust burglar 

alarm system which involves no elec- 
tronics at all. Here, and in the subse- 
quent circuit diagrams, the relay and 
its contacts are illustrated with 
'detached' presentation: the relay coil 
is represented as a rectangle whilst its 
contacts, which can appear anywhere 
in the diagram, are drawn in the de- 
energised state. 

In Fig. 1 two guard switches are 
shown, but in practice there can be 
any number of these, all connected in 
series and all normally closed. To turn 
on the alarm S2 is pressed, after which 
Si is closed. The 6 volt supply is then 
applied to the coil of the relay via the 
guard switches, S2 and Sl, with the 
result that the relay energises. S2 may 
then be released, whereupon the relay 
stays energised by way of its own make 
contact. A momentary current passes 

Guard 
switches Bell 

Test T BY] 
points ÿ6V 

r 

ó--- 

Relay 
coil 

Si 

Relay 
contacts 

Fig. 1. A very simple but effec- 
tive burglar alarm system which 
requires no electronic com- 

ponents 
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to the bell via the relay break contact 
at the instant of closing Sl. If the bell 
is quick- acting the striker may move 
against its gong once, but this is doubt- 
ful as the relay specified energises very 
rapidly. 

The alarm is now set up. Should any 
of the guard switches become open if 
only for a very short period, the relay 
de- energises and its contacts connect 
the bell across the 6 volt supply, caus- 
ing it to ring continuously. The relay 
cannot be energised again by way of 
the guard switches because the circuit 
to the negative terminal of the battery 
has been broken by the relay contacts. 
The bell can only be silenced by open- 
ing Si or (if all the guard switches are 
closed again) by pressing S2. 

This circuit is of particular value for 
the first category of use which was 
referred to earlier. The battery, Sl, S2 
and the relay are positioned in some 
part of the premises which would be 
difficult for an intruder to locate in a 
short period. With the second category 
of use there is the disadvantage that Si 
and S2 have to be accessible from the 
outside of the premises as, obviously, 
the alarm cannot be switched on until 
the occupants have left and all doors 
are closed. The provision of a locked 
outdoor housing for S1 and S2 is feasi- 
ble, and Si could itself be a switch 
which is operated by a key. Switches of 
this nature are available from many'of 
the larger component houses. 

The simplicity of the circuit of Fig. 1 

brings with it the shortcoming that a 
fairly large current, of around 15mA, 
is drawn from the 6 volt battery when 
the relay is energised. This current is 
too high for economic operation with a 
dry battery, but it would be quite 
acceptable if a 6 volt accumulator were 
used. A small 6 volt motor -cycle 
battery could power the circuit, and 
would take up little space. Two test 
points are provided and battery 
voltage can be checked, from time to 
time, with a testmeter. When the 
battery voltage falls to about 5.6 volts 
the battery may be given a charge to 
bring it up to a fully charged level of 
around 6.5 volts. 

SINGLE TRANSISTOR 
CIRCUIT 

A more complex circuit incor- 
porating a single transistor appears in 
Fig. 2. This circuit is intended for 
operation from a 9 volt dry battery. A 
separate battery is now employed for 
the bell, and the relay contacts shown 
in the diagram connect to this battery 
and the bell in series. It is desirable to 
employ a separate battery because 
many electric bells, including in par- 
ticular the more inexpensive types, 
draw high current pulses and produce 
high voltage transients when they are 
ringing, and it best to keep these away 
from the electronic section of the 
alarm. The separate battery has a 
voltage suitable for the particular bell 
employed. 

The alarm is turned on by closing 
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Fig. 2. A more complex alarm system which draws a much lower battery 
current 

Sl. If all the guard switches are closed, 
this causes the voltage at the junction 
of Rl and R2 to be about 0.35 volt 
negative of the upper supply rail. This 
voltage, applied to the base of silicon 
transistor TR1, is insufficient to turn 
the transistor on, and the transistor 
passes a negligibly low collector 
current in consequence. With the cir- 
cuit in this condition the relay is de- 
energised and the bell does not ring. 

If any guard switch is opened, Rl is 
disconnected from the upper supply 
rail. A current now flows via R2 direct- 
ly into the base of TRI, thereby tur- 
ning this transistor on. As a result, a 
collector current flows through R3 to 
the gate of thyristor TH1, triggering 
this device on and energising the relay. 
Once it has been triggered on TH1 
remains conductive, keeping the relay 
energised even if the guard switch cir- 
cuit is completed again. Thus, the bell 
rings continually and may only be 
silenced by switching off the complete 
circuit at Si. 

R1 carries out two functions. First, 
it forms a filter in conjunction with Cl 
which prevents any noise, including 
mains hum and radio signals, which is 
picked up on the open -circuit guard 
wiring from reaching the base of TRI. 
Such noise could prevent TR1 from 
turning fully on when a guard switch is 
opened, and it could cause erratic cir- 
cuit operation. Secondly, Rl offers 
some protection against leakage 
resistance across any of the guard 
switches. Without Rl in circuit, a leakage 
resistance of up to some 5k 0 across a 
guard switch could prevent the alarm 
from operating when the switch is 
opened. With 111 present, the leakage 
resistance needed to disable a guard 

switch falls to about 2k II or less with a 
battery voltage of 9 volts, and to about 
2.3k II or less with a battery voltage at 
the lowest permissible level of 8 volts. 

Of the other components, D1 is the 
usual reverse biased diod, which is 
connected across the relay coil to pre- 
vent the appearance of high back - 
e.m.f. voltages when the relay de- 
energises. R4 is included merely to 
keep the gate of the thyristor at the 
same potential as its cathode when 
TR1 is turned off. (The author has en- 
countered an instance in the past 
where a thyristor obtained on the 
home- constructor market triggered on 
unpredictably when its gate was open - 
circuit). The thyristor in the TH1 posi- 
tion is listed in some catalogues as 
CRS1 /05AF and in others as 
CRS1/05. Both type numbers apply to 
the same component. All the resistors 
in the circuit may be } watt 5% types, 
as may be all the resistors in the cir- 
cuits which follow. 

The fact that a guard switch may 
not set off the alarm if there is a 
leakage resistance of up to about 2.3k LI 
across it means that care should be 
observed when a guard switch is 
mounted in a damp location. It will 
probably be best to use dry reed 
switches in such positions and to 
provide good insulation for the connec- 
tions. In a normal house conditions 
should be sufficiently dry, however, to 
enable virtually any type of switch to 
he employed. 

The current drawn from the 9 volt 
supply is quite low. With the prototype 
circuit it was only 0.12mA. The 
current rises to about 35mA when a 
guard switch opens and the relay 
energises. 
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DELAY CIRCUIT 
The circuit of Fig. 2 functions well 

for the first protection category. With 
the second category of use, in which 
the premises are left unoccupied, it is 
necessary to position S1 externally, 
whereupon the same remarks apply as 
occurred with the circuit of Fig. 1. 

The electronic nature of the circuit 
of Fig. 2 makes it possible to modify it 
for delayed operation. Here, the alarm 
may be switched on inside the 
premises, after which it does not 
become operative until a pre -set time 
period has elapsed. It is thus possible 
to turn on the alarm and leave the 
protected building during the delay 
period. The alarm will still sound 
when the occupier returns and regains 
admittance but, if the alarm on -off 
switch is positioned near the door at 
which entry is made, it can soon be 
switched off again. 

The alarm circuit modified to in- 
clude a switch -on delay is given in Fig. 
3. Here, the circuit from the junction 
of R2 and RI to the right is the same as 
in Fig. 2 except that S1 is now an 
s.p.d.t. switch. Instead of being return- 
ed to the lower negative rail, R2 is now 
returned to the emitter of emitter 
follower TR2. When Si is switched on, 
the 9 volt supply is applied to C2 and 
R5 in series. C2 commences to charge 
slowly via R5, and its negative ter- 
minal (and hence the emitter of TR2) 
goes slowly negative. Opening a guard 
switch will not actuate the alarm until 
the potential on the emitter of TR2 is 
at a level where sufficient base current 
can flow in TRI to trigger the 
thyristor. Once the emitter of TR2 has 
passed this level the circuit of Fig. 3 
then functions in the same way as did 
that of Fig. 2. 

The length of the delay period will 
vary according to the actual value, 
within tolerance, of C2, the gain of 
TRI and the gate triggering current 
required by TH1. With the prototype 
the delay was 2; minutes. When the 
alarm circuit has been assembled, the 
delay period for the particular com- 
ponents employed can be measured in 
practice by switching on at Si with one 
of the guard switches open. The delay 
period is equal to the time between 
switching on and the energising of the 
relay. The period may be reduced, if 
desired, by reducing the value of C2, 
and it can be increased by increasing 
the value of C2 or of R5. However, R5 
should not be given a value higher than 
1/Sil OE The length of the period will be 
found to be approximately propor- 
tional to the values of C2 and R5. 
Thus, it will be doubled if either C2 or 
R5 is doubled in value. 

Turning Si to `Off short -circuits C2 
via the current limiting resistor, R6. 
C2 is then discharged, ready for the 
next switch -on cycle. 

TWO TRANSISTOR CIRCUIT 
A circuit incorporating two tran- 

sistors appears in Fig. 4. This is similar 
in operation to that of Fig. 2 except 
that an emitter follower, TR2, is now 
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Fig. 3. Here, the single transistor circuit is 
switch -on delay 

interposed between TRI base and the 
junction of R1 and R2. Because of the 
added gain given by TR2, R1 and R2 
can have much higher values, and the 
current drawn from the 9 volt supply 
when all the guard switches are closed 
is correspondingly lower. With the 
prototype circuit it was 12µA only. The 
current increases to approximately 
35mA, as before, when a guard switch 
opens and the relay energises. 

As with Fig. 2, RI and C1 form a 
filter to prevent noise on the guard wir- 
ing being passed to the base of TR2. 
The presence of Rl causes a voltage of 
about 0.8 volt to be applied to the base 
of TR2 when the guard switches are 
closed. This is well below the 1.2 volts 
(the sum of the two 0.6 volt forward 
voltages acrose the base -emitter junc- 
tions of TR2 and TRI J which is re- 
quired to turn on the transistors. The 

Test 
points 

modified to incorporate a 

insulation requirements at the guard 
switches now become more stringent, 
as a guard switch will become disabled 
with battery voltage at 8 volts if there 
is a leakage resistance of some 60k f2 or 
less across it. In consequence, the cir- 
cuit of Fig. 4 may only be used when 
all the guard switches can be position- 
ed at dry locations. 

For the category where the premises 
are left unoccupied, Si may again be 
positioned at some external point. 
Alternatively, the version with delayed 
turn -on shown in Fig. 5 can be 
employed. Here, C2 charges up after 
switch -on in the same manner as oc- 
curred in Fig. 3. Since R2 now has a 
much higher value, the negative ter- 
minal of C2 can connect directly to 
this resistor instead of via an emitter 
follower. The length of the delay 
period is again dependent on the ac- 

Fig. 4. A system having two transistors. This draws an exceptionally Cow 
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Fig. 5. The circuit of Fig. 4 with switch -on delay components added 

tuai value of C2, transistor gain and 
triggering current in TH 1, and with the 
prototype circuit it was a little less 
than 2 minutes. The delay period may 
be increased or decreased by changing 
the value of C2 but not, with this cir- 
cuit, that of R6. The current drawn 
from the battery with C2 charged and 
the guard switches closed, is the same 
as for Fig. 4 plus leakage current in C2. 
The latter will typically be about 20 to 
30uA. 

BATTERY VOLTAGE 
All the circuits of Figs. 2 to 5 have 

test points to enable battery voltage to 
be checked from time to time. The 
battery should be discarded when its 
voltage has fallen to 8 volts. 

If desired, the test points may be 
dispensed with and a voltmeter per- 
manently installed. A suitable circuit 
is shown in Fig. 6, where a voltage in- 
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Fig. 6. if desired, a voltmeter to 
indicate battery condition can 

be permanently installed 
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GUARD SWITCHES 
The guard switches can be home- 

made using pieces of springy metal, 
but a much better approach consists of 
employing microswitches or dry reed 
switches. Particularly suitable are 
microswitches having an operating 
lever and roller, as in Fig. 7(a), and it 
is a simple matter to devise means of 
actuating such switches by doors and 
windows. The type of microswitch to 
obtain is that with changeover, or 
s.p.d.t. contacts, as there is then a 
choice of using it with the lever free or 
depressed when the door or window at 
which it is fitted is closed. Connection 
is made to the two contacts of the 
microswitch which are closed under 
these conditions. It does not matter, of 
course, if a microswitch is clearly visi- 
ble to an intruder after a door or win- 
dow has been opened, since it will by 
then have carried out its function of 
setting off the alarm. 

A dry reed switch may be mounted 
at a doorpost edge with a permanent 

Door 

Mognet 

(b) 

Dry reed 
switch 

Door 
post 

Fig. 7(a). A microswitch with operating lever and roller is particularly effec- 
tive for use as a guard switch 

Fig. 7(b). A dry reed switch and magnet mounted at a door. The contacts of 
the switch open when the door is opened 

dication is given by pressing the but- 
ton. The voltmeter is deliberately in- 
tended to draw a relatively high 
current of around 8 to 9mA when a 
voltage reading is being taken, as this 
will give a more realistic indication of 
battery condition than would a high 
resistance voltmeter drawing a low 
current. The pre -set potentiometer is a 
small skeleton component. To set up 
the circuit a standard voltmeter is in- 
itially connected across the battery. 
The push button is then pressed and 
the pre -set potentiometer adjusted for 
a reading in the 0 -10mA meter which 
matches that in the voltmeter. If, for 
example, the voltmeter indicates 9.1 
volts, the potentiometer is adjusted for 
a reading of 9.1mA in the 0 -10mA 
meter. 

RADIO 

magnet alongside it mounted on the 
door itself, as in Fig. 7(b). When the 
door is closed the magnet will keep the 
two contacts of the switch closed. The 
contacts will open if the door is opened 
and the magnet taken away from the 
switch. A similar arrangement is possi- 
ble with wooden sash window- frames. 
A range of dry reed switches and 
matching permanent magnets is 
available from Home Radio. 

As a final point, it is preferable for 
the guard switch circuit to employ a 
single wire routed around the premises 
in the form of a loop. The wiring to any 
switch cannot then be as readily short - 
circuited, and the switch put out of ac- 
tion, as would occur if a twin wire went 
to the switch. 
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New Products 
SOLDERING IRON WITH A THOUSAND USES 

A new type of soldering iron called the Litesold 
TC50 will do most of the soldering jobs needed around 
the house which would previously have required two 
or three different sized irons. Soldering a transistor in 
a radio, a pin onto a brooch, or brake cable on the 
kids' bike can all be done using the TC50. 

The trick is to use a powerful 50 watt element which 
can cope with the big soldering jobs, but control it 
with a precision thermostat so it doesn't fry the 
smaller ones! The thermostat in the TC50 is so ac- 
curate that the soldering temperature is held exactly 
at the right level. There is even a lamp built into the 
handle to show that the thermostat is working proper- 

ly. The new TC50 weighs in at 24 ozs. without flex and 
is only 84 inches long. It will melt solder in only 40 sec- 

onds and will reach 350°C, normal soldering temperature 
in only 90 seconds. It may be ordered fitted with 
detachable suspension hook (at no extra charge) or as 
illustrated, for use with the TC50 Spring Stand. 

Thermostatic irons have long been used by industry 
but up till now have been too expensive for domestic Light Soldering Developments, 97 -99 Gloucester 

use because they usually need a special power unit. Road, Croydon, Surrey. Price of the TC50 stand is 

The TC50 plugs straight into the mains and costs only £2.45, including VAT, post free if ordered with the 

£8.38 including postage, packing and vat direct from iron. 

WOOD BRACKETS FOR HI -FI SPEAKERS 
Why do Astute Hardwood Brackets look so good under this 

speaker? Because they're elegantly shaped, have invisible fixing 
and are finished to match. 

Astute Hardwood Brackets are much easier to fit than 
traditional brackets, and are easy to remove when re- decorating. 
Rubber pads are incorporated to hold the speaker, so that no 

screws need to be driven into its case. 
Astute Hardwood Brackets are supplied sanded ready to finish, 

complete with screws and plugs. Recommended retail prices: - 
14cm - £1.85: 19cm - £2.30: 26cm - £2.90. 

Further details from: -Esta Heating Products Ltd., Green 
Lane, Walsall, Staffs. 

NOVEL DIAGNOSTIC 
AID FOR 
RADIO AND TV 

'l'he PANTEC "USIJET" is a small and light universal signal in- 

jector made in the form of a pen for clipping into the pocket. The 
circuit consists of two signal generators, one operating at audio fre- 

.quency and the other at radio frequency. The impulsive waveform 
derived from a blocking oscillator -type circuit produces a signal 
with a wide range of .harmonic frequencies up to 500 MHz. 

By injecting the signal at various points in an amplifier circuit 
the USI .JET is an effective dynamic analyser for tracing breaks and 
component failure. The fundamental frequencies are 1 kHz and 500 

kHz with an output voltage of 20V peak-to-peak. Maximum per- 
missible voltage at the probe tip is 500V D.C. Powered by a self - 

contained 1.5V cell, the current consumption is about 25 mA. 

Further information from: Carlo Gauazzi (UK) Ltd., North 
Crawley Road, Newport Pagnell, Bucks. 
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LOW -VALUE 
OHMMETER 

By M. G. Robertson 

Capable of reading resistance values 
down to 0.1Q, this very simple instrument 
requires few components and offers a high 

level of accuracy. 

The resistance ranges of the more inexpensive types 
of testmeter are notoriously inaccurate, particularly 
at the smaller resistance figures, and this fact can 
raise difficulties when work is being carried out with 
low value resistors. The main reason for the testmeter 
inaccuracy is that the set -zero control in such in- 
struments normally consists of a variable resistor in 
series with the internal battery, the variable resistor 
being set up to compensate for falling voltage in the 
battery as it ages. In consequence, scale readings only 
approach accuracy at a particular battery voltage. 

A much higher accuracy is obtained with the instru- 
ment to be described, which is capable of measuring 
resistance between 100û and 0.1 a. The only expen- 
sive item required is a 0 -10mA meter movement and, 
as is explained at the end of the article, a 0 -1mA meter 
or a 0 -100pA meter can alternatively be employed 
should one of these happen to be on hand. The circuit 
is so simple that it can be assembled in "lash -up" 
form in less than an hour, and it could be so wired up 
to measure the resistances of a batch of low value 
resistors and then disassembled again. 

SHUNT RESISTANCE READING 
The ohmmeter takes advantage of what is generally 

referred to as the "shunt resistance" method of 
measurement. This is encountered in some 
testmeters, and the basic circuit employed is il- 
lustrated in Fig. 1. A battery inside the testmeter 
couples via a fixed current limiting resistor and a pre- 
set variable resistor to the meter movement. The 
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Fig. 1. A basic shunt ohmmeter, as employed in 
some testmeters 

variable resistor is adjusted for a full -scale deflection 
reading in the meter with the test terminals open - 
circuit. If a resistor is connected across the test ter- 
minals less current is available for the meter and its 
needle gives a reading which is lower than f.s.d.; the 
smaller the value of test resistance the lower the meter 
reading. An advantage of the circuit is that indications 
are given for quite low test resistances. Also, the 
current which flows through the test resistance can be 
kept relatively small. A disadvantage with the circuit 
in its Fig. 1 form is that the current flowing from the 
battery cannot be maintained constant at different 
meter readings unless the battery is given an in- 
conveniently high voltage. 
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Fig. 2(a). With the circuit conditions shown here the meter gives a reading of full -scale deflection 

(b). A test resistance of 10 )) causes the meter to read 5mA 

(c). When the test resistance is 2.5i) the meter passes a current of 2mA 

The situation improves considerably if the extra 
complication of a constant current source for the 
meter can be accepted. In Fig. 2(a) we have a 0 -10mA 
meter movement which is coupled to a constant 
current source providing a current of precisely 10mA. 
Furthermore, the meter has an internal resistance of 
exactly 1Oû. This is easily achieved in practice if we 
employ a meter movement having a coil resistance 
lower than 10 r and insert in series with it a pre -set 
variable resistor which is adjusted to bring the overall 
resistance to that value. 

In Fig. 2(b) we connect a resistance of 1012 across 
the test terminals. Of the constant current of 10mA, 
5mA now flows through the meter and 5mA flows 
through the test resistance. In consequence, a test 
resistance of l0a is indicated by a reading of 5mA in 
the meter. In Fig 2(c) a resistance of 2.552 is con- 
nected across the test terminals. Since this resistance 
is one -quarter the value of the meter resistance and 
since the same voltage appears across the two, the 
current passing through the test resistance must be 
four times the current passing through the meter. 
The total current available is 10mA, and so 8mA flows 
in the test resistance and 2mA in the meter. Thus, 
the presence of a test resistance of 2.50 is indicated 
by a reading of 2mA in the meter. 

It is obvious that other values of resistance will 
produce corresponding current readings in the meter. 
The author has calculated the meter indications for 
test resistances from 0.152 to 10012, and these are 
listed in the table. Also, a chart showing resistance 
values and corresponding meter readings is given in 
Fig. 3. Either the table or the chart may be employed 
in finding resistance values with a set -up of the type 
shown in Fig. 2(a). 
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TABLE 

Meter Reading (mA) Test Resistance (it) 

0.099 0.1 
0.20 0.2 
0.29 0.3 
0.38 0.4 
0.48 0.5 
0.57 0.6 
0.65 0.7 
0.74 0.8 
0.83 0.9 
0.91 1.0 
1.7 2.0 
2.0 2.5 
2.3 3.0 
2.9 4.0 
3.3 5.0 
3.8 6.0 
4.1 7.0 
4.4 8.0 
4.7 9.0 
5.0 10 
6.7 20 
7.5 30 
8.0 40 
8.3 50 
8.6 60 
8.8 70 
8.9 80 
9.0 90 
9.1 100 
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Fig. 3. Chart indicating test resistance value 
against meter reading 

The current drawn from the battery is about 11mA, 
this consisting of the 10mA constant current plus the 
current in R4 and the diodes. A supply potential of 3 
volts is quite adequate. 
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PRACTICAL CIRCUIT 
The practical circuit for the low -value ohmmeter is 

given in Fig. 4. This employs quite simple basic prin- 
ciples. 

The constant current source is given by TR1, R1, 
R2, R4, D1 and D2. Constant current sources have 
been described in recent articles in this journal and so 
there should be no need to give a detailed description 
of circuit operation here. Approximately 1mA flows 
through R4 and the two silicon diodes, causing a 
stabilized voltage tif about 1.2 volts with reference to 
the negative rail to appear at the junction of D2 and 
R4. This is applied to the base of silicon transistor 
TR1. There is a voltage drop of about 0.6 volt across 
the base -emitter junction of TR1, whereupon Rl and 
R2 require a total value which causes an emitter 

Test prods 

R1 

33n 

R2 

IOOn 

Flexible 
leads 

SI 

On-Oft 

D2 

1N4002 

R4 

IBkn 

BVI 

3V W. 

BC 107 

Lead -outs 

RI,R4 I/4 watt 5 °/o 

Fig. 4. The complete circuit of the low -value 
ohmmeter 

current of 10mA to flow at the remaining 0.6 volt. The 
required resistance value is of the order of 6012. If, 
however, a single pre -set variable resistor of say 100 f2 
were connected on its own between TRI emitter and 
the negative rail it would be possible to accidentally 
adjust this so that an emitter current, and a conse- 
quent collector current, much higher than 10mA flow- 
ed, with the risk of damage to the meter and to the 
transistor. Inserting Rl in series with R2 ensures that 
the maximum emitter current which can flow is no 
greater than some 18mA whatever the setting of R2, 
and both the meter and the transistor will be capable 
of passing this current. Even so, it is always good prac- 
tice in a circuit of this nature to start initial ad- 
justments with the variable resistor inserting max- 
imum resistance, and then to reduce this as required. 

R2 may be a small skeleton pre -set potentiometer 
and it is given a value of lima as this is the lowest 
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value generally available in potentiometers of this 
nature. A value of 50û for R2 would offer better 
resolution in setting up and may be used if there are 
no objections to employing a larger component. 

The value of 10 meter resistance indicated in Fig. 
2(a) has been arbitrarily chosen because virtually all 
0 -10mA meter movements available on the home - 
constructor market have internal resistances lower 
than this figure. The total resistance can then be 
brought exactly to 1052 with the aid of the 10P pre -set 
potentiometer, R3. Because of its low value, R3 will 
have to be a small wire -wound component. ' 

The instrument is set up with the aid of a close - 
tolerance 100 test resistor. Initally, R2 is adjusted to 
insert maximum resistance into circuit and on -off 
switch S1 is closed. The resistance inserted by R2 is 
then reduced with the test prods open- circuit until the 
meter reads precisely 10mA. The 10f1 test resistor is 
then connected across the test prods, and R3 is ad- 
justed until the meter reads exactly 5mA. The instru- 
ment is then set up and may be used for the measure- 
ment of resistance. Re- setting can be carried out from 
time to time if there is any drift in the variable 
resistor values. 

It will be noted that the test prods are each con- 
nected to the remainder of the components via twin 
flexible wires. This method of connection enables 
current to flow through the test resistance with the 
meter and R3 connected across it in the manner of a 
voltmeter, and it ensures that the instrument wiring 
does not add to the test resistance. The test prod cir- 
cuit enables connecting and flexible wires of normal 
thickness to be employed, and no heavy wiring is re- 
quired. If any other method of connection is used it 
will be found that the meter needle does not return 
fully to zero when there is zero resistance across the 
prods. The metal parts of the prods should be of thick 
construction to ensure that they themselves insert 
negligible resistance. 

OTHER METERS 

If the current relationships shown in Figs. 2(b) and 
(c) are studied it may be seen that the same meter 
readings will be given at constant currents other than 
10mA provided that the constant current causes the 
meter to indicate f.s.d. and that the meter resistance is 
exactly 10f2. If, for instance, the constant current 
were 15mA and the meter read f.s.d. at this current 
the situation in Fig. 2(b) would result in 7.5 mA pass- 
ing through the meter, whereupon the latter would 
once again give an indication of half f.s.d. With a test 
resistance of 2.5 f2, as in Fig. 2(c), four - fifths of the 

current, or 12mA, would flow in the test resistance 
and one -fifth, or 3mA, in the meter. Again, the meter 
gives an indication of one -fifth f.s.d., as it did when 
the constant current was 10mA. 

The fact that readings are independent of the actual 
value of the constant current makes it possible to use 
a 0-10mA meter in the circuit even when this has a 
coil resistance in excess of 100. The meter can be 
employed by connecting a shunt across it which brings 
its effective resistance to less than 1012, whereupon 
R3 can be once more adjusted for a total resistance of 
100. As an example, Fig. 5 shows the circuit adapted 
for a meter whose internal resistance is 15 il. A 220 
5% I watt resistor is connected across the meter to br- 
ing its effective resistance down to about 9f2 and the 
meter then gives an f.s.d. indication at a constant 
current of about 17mA. The instrument is set up in 
the same way as before; R2 is adjusted for an f.s.d. 
reading with the test prods open- circuit, after which 
R3 is adjusted for a half -scale reading with a close 
tolerance 1052 resistor connected across the prods. 
Due to the higher constant current it would, in this in- 
stance, be desirable to reduce Rl to 22 a. 

Internal resistance 

=I5n 
MI 

mn 
22n 

Fig. 5. A meter having an internal resistance 
greater than 100 may be employed if a shunt 
resistor of suitable value is connected across it 

Most 0 -1mA and 0- 100ftA meter movements can be 
similarly employed if provided with a suitable shunt. 
The value of the shunt need not be calculated as it is 
merely required that it brings the effective resistance 
of the meter to less than 10 f , and in both cases it 
could be 8.20 5% 1 watt. A testmeter switched to one 
of these current ranges could not, incidentally, be 
employed instead of an individual meter, as its un- 
iversal shunt current switching circuits would present 
too high an internal resistance at the testmeter ter- 
minals. 

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

We retain past issues for a period of two years and we can, occasionally, supply copies mors than two 
years old. The cost is the cover price stated on the issue, plus 1 1 p postage. 

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

We regret that we are unable to supply photo copies of articles where an issue is not available. 

Libraries and members of local radio clubs can often be very helpful where an issue is not available for 

sale. 
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FOR DX LISTENERS 

Times = GMT 

By Frank A. Baldwin 

Being an article intended mainly for broadcast 
band DX listeners, this feature tends to report on those transmissions to be heard in the 60 and 90 metre bands but there are stations in the higher frequency 
bands which are worthy of note; we list some of them 
here. 

NORTH YEMEN 
Sanaa on 9780 at 1943 and also in parallel on 7190 with a programme of Arabic music and songs in 

the Domestic Service (also to be heard on 4853). 
TAIWAN 
Taipei on 7250 at 1322, OM and YL alternate in 

Chinese then into a programme of local music. 
ALGERIA 
Algiers on 11910 at 1905, OM with a newscast of both local and world affairs in English (the 

programme in English is from 1900 to 2000). 
UGANDA 
Kampala on 9730 at 2015, mixed U.K. and local 

pop records with announcements in a local dialect. 
CLANDESTINE 
"Voice of the Free Yemeni South" on 9960 at 1932, 

YL with song in Arabic after a harangue. by OM in the same language. 
"Voice of the Thai People" on 9422.5 at 1618, 

sign -off after choral anthem and slogans. 
NORTH VIETNAM 
Hanoi on 9840 at 1156, YL in Chinese and local 

music in the External Service to South East Asia; also 
on 7512 at 1410, YL in Laotian to Laos in the Exter- 
nal Service. 

CURRENT SCHEDULES 
QATAR 
The Domestic Service from Doha may be heard on 

9570 from sign -on at 0245 through to sign -off at 2100, 
all programmes being in Arabic. 

JORDAN 
Two Domestic Services are radiated in Jordan from 

the capital Amman, the main programme being in 
Arabic as follows - from 0330 to 0730 on 11810 and 
7155; from 0730 to 0930 on 11810 only; from 0930 to 
1400 on 9530 and 11810; from 1400 to 1730 on 7155 and 11810; from 1730 to 1900 on 11810 and 
from 1900 to 2310 on 11810 (on 7155 to 2200). 
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The English Service is from sign -on at 1000 to 1300 on 7155 and from 1500 to 1730 on 9560. 
VATICAN CITY 
"Vatican Radio" has an External Service in 

English directed to the U.K. from 1445 to 1500 on 6190, 7250, 9645 and on 11740; from 2030 to 2045 
on 6190, 7250 and on 9645. 

ISRAEL 
The Israel Broadcasting Authority, Jerusalem, 

operates an External Service in English to Europe 
from 0400 to 0415 on 5900, 7413, 9009 a d 17685 
(also on 5915 in the Arab World Service); from 1100 
to 1130 on 11645, 15100, 15465, 15485 and on 17685 (also on 5915 in the Arab World Service); 
from 2000 to 2030 on 7413, 9009, 9815 or 9820, 11645, 15100 and on 15485; from (experimentally) 
2230 to 2300 on 7413, 9815 or 9820, 11645 and on 12025. 

TURKEY 
Radio Ankara - "The Voice of Turkey" has a 

programme in English directed to Europe, North 
Africa and North America from 2200 to 0030 on 11880. 

BURMA 
The " Birma Broadcasting Service ", Rangoon, has 

a Domestic Service which is on the air from 0030 to 
0230 on 7185; from 0330 to 0730 on 9725; from 0930 
to 1600 on 5040. Various local vernacular 
programmes are radiated from 1000 through to 1415 
on 4725. 

IRAQ 
"Radio Baghdad" operates an External Service in 

English to Europe from 1930 to 2030 on 9758. 
UGANDA 
The Uganda Broadcasting Corporation, Kampala, 

presents programmes in English as follows - to East 
and Central Africa from 1430 to 1530 on 6030; to 
South Africa from 1615 to 1730 on 6030; to West 
Africa from 1800 to 1830 on 15325 and to North 
Africa from 2030 to 2100 on 9730. 

ETHIOPIA 
"Radio Ethiopia ", Addis Ababa, otters a service in 

English from 1000 to 1030 and from I500 to 1530 on 6185 and 9610. 
SOUTH YEMEN 
"Radio of the Peoples' Democratic Republic of 
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Yemen ", Aden, radiates a Domestic Service from 
0300 to 0805 on 5060, 5970 and 7190; from 1100 to 

1845 on 5060, 5970, 7190 (except 1700 to 1715) and 
on 11770; from 1900 to 2200 on 5060, 5970, 7190 
and on 11770. 

CLANDESTINE 
"Radio Iran Courier" is a pro -communist 

clandestine transmitter operating in Kurdish, Azer- 
baijani and Persian from 1430 to 1620 on 9560, 
11415 and 11695 and from 1620 to 1810 on 11415 
and 11695. 

"Radio Independent Spain" is pro -communist and 
broadcasts anti -Spanish Government propaganda, 
the transmitters are located in Bucharest and, 
possibly, Sofia. From 0600 to 0800 on 7690, 10110 
and 12140; from 1200 to 1400 on 10110, 12140, 
14485 and 15505; from 1235 to 1255 on 15365; 
from 1600 to 1800 on 7690, 10110, 12140 and 
14485; from 1800 to 2245 on 10110, 12140 and 
14485 and from 2005 to 2025 on 15185. 

MEXICO 
"Radio Mexico" has an External Service in 

Spanish from 1315 to 1535 and from 2000 to 0335 on 
5985, 9705 and on 15385, identification is oc- 
casionally made in French and English. 

AROUND THE DIAL 
In between recent spells of internal redecorating 

and gardening, some time has been found for short 
wave listening, from the logbook we note - 

SIERRA LEONE 
Freetown on 3316 at 2156, piano solo until 2200 

then OM with the world news in English. This is the 
Sierra Leone Broadcasting Service domestic 
programme which is on the air from 0555 to 0730 and 
from 1745 to 2330. The power is 50kW and the 
channel is a very difficult one, only occasionally can 
Freetown be heard. 

CHINA 
Radio Beijing on 4190 at 1740, YL with harangue 

in Chinese then some local classical music. 
PLA Fuzhou on 4045 at 1750 with similar 

programme to that above. 

VENEZUELA 
Radio Libertador, Caracas, on 3245 at 0050, OM 

and Y L with announcements in Spanish, ingles with 
the inevitable commercials, local music then station 
identification at 0100. Schedule is from 1000 to 0400 
and the power is 1kW. 

Radio Barcelona, Barcelona, on a measured 3386 
at 0115, programme of Latin American music, songs 
in Spanish. Schedule is from 1000 to 1200 and from 
2100 to 0400 and the power is 1kW. 

Radio Universidad, Merida, on 3395 at 0121, 
recorded local pops, songs in Spanish. Schedule is 
from 1000 to 0400 and the power is 1kW. 

Radio Bolivar, Cuidad Bolivar, on 4770 at 0141, 
programme of Latin American music, OM in Spanish. 
Schedule is from 1000 to 0430 and the power is 1kW. 

BOLIVIA 
Radio Emisora Bolivia, Oruro, on a measured 

4753.5 at 0030, very excited sports commentator in 
Spanish. Schedule is from 1p00 to 0400, power is 5kW 
and this one is noted for wandering between the limits 
4753 to 4755. 

Radio Universo, La Paz, on 5005 at 0300, OM with 
identification in Spanish, local newscast with many 
mentions of La Paz, news items read alternate by OM 
and YL. Jingles, commercials and local music from 
0320 onwards. This one is listed on 5007 but often 
varies from 5005 to 5008, which all adds to the fun I 
suppose! Schedule is from 1000 to 0400 and the power 
is 1kW. 

Radio San Rafael, Cochabamba, on 5055 at 2228, 
OM in Spanish, identification at 2230 then into 
programme of local music in typical style. Schedule is 

from 0930 to 0500 and the power is 5kW. 

BRAZIL 
Radio Anhanguera, Goiania, on 4915 at 0300, 

identification by OM in Portuguese, local pops on 
records. Schedule is from 0900 to 0400 and the power 
is 10kW. 

Radio Borborema, Campina, on 5025 at 2110, OM 
with sports commentary in Portuguese. Schedule is 
from 0830 to 0430 and the power is 1kW. 

PERU 
Radio Andahuaylas on 4840 at 0420, plaintive An- 

dean songs and typical local flute music, some in- 
terference from the African transmitter at Bukuvu. 
Schedule is from 1130 to 1400 and from 2130 to 0530 
(variable sign -off). Power is 1kW. 

Radio Atlantida, Iquitos, on 4790 at 0433, OM 
with station identification, guitar music and songs in 
Spanish. Schedule is from 0900 to 0600 but sometimes 
observed to be on a 24 -hour stint, probably for special 
occasions. The power is 1kW. 

Radio Andina, Huancayo, on a measured 4996 at 
0430, OM with station identification, slogans then 
recorded local pops. Schedule is from 1100 to 0600 
(sign -off sometimes known to vary between 0545 and 
0900). The power is 1kW. 

Radio Samaren, Iquitos, on 4815 at 0430, recorded 
local pops then OM with station identification in 
Spanish. Schedule is from 1100 to 0500 (here we go 

again, sign -off observed to vary between 0400 to 
0600). Just to add still more to the fun and games 
associated with LA- Dxing, most identifications are 
given simply as "Radio Samaren, Iquitos" but oc- 
casionally this one identifies as "Voz de la Revolution 
Peruana". The power is 1kW. 

ECUADOR 
Sistema de Emisora Atalaya, Guayaquil, on 4790 

at 0305, OM in Spanish with commercial for women's 
stockings, accordion music. Schedule is from 1100 to 
1330 and from 0100 to 0500. However, just to add con- 
fusion to the shambles, sign -off sometimes varies from 
0405 to 0615 and if you thiiik your troubles are now 
over, watch the frequency, this can vary from 4790 to 
4795. The power is 10kW, at least that remains cons- 
tant - or does it? 

COLOMBIA 
Radio Surcolombiana, Neiva, on 5010 at 0401, OM 

with station identification, slogans with echo -effect, 
commercials in Spanish then into programme of Latin 
American music. Schedule is 24 -hour and the power is 
2.5kW. 

COSTA RICA 
Radio Capital, San Jose, on 4832 at 0645, songs in 

Spanish and local music in typical style. Schedule is 
from 1200 to 0600 but sometimes observed on a 24- 
hour stint. The power is 1kW. 
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HOMODYNE 
S.S.B. RECEIVER 
FOR 80 METRES 

By R. A. Penfold 

In this ingenious receiver design an aerial input is applied 
direct to the product detector, a Motorola MC1496 integrated 
circuit. A local oscillator running at carrier frequency then 
enables demodulation to be given both for s.s.b. and c.w. signals. 
Due to this direct conversion technique there are only two tuned 
circuits, one operating at aerial frequency and the other at os- 
cillator frequency. The description of the receiver will be com- 

pleted in next month's concluding article. 

This unusual receiver is relatively inexpensive and 
simple to construct, and it will be of interest to anyone 
wishing to commence listening on the 80 metre 
amateur band of 3.5 to 3.8MHz. It employs one in- 
tegrated circuit product detector operating at aerial 
signal frequency to demodulate s.s.b. and c.w. signals, 
and a second integrated circuit a.f. amplifier to bring 
the demodulated signals up to earphone level. The 
only other active device is a transistor functioning as 
an oscillator. 

The receiver has only two tuned circuits, these 

appearing in the aerial and oscillator stages. As a 
result the receiver can be aligned without the necessi- 
ty for test equipment. A further point is that tuning is 
carried out by means of varicap diodes. A block 
diagram showing the various stages of the receiver 
appears in Fig. 1. 

Apart from readers who wish to listen on the 80 
metre band, the design will also appeal to those who 
like novel circuits; and it certainly has some un- 
conventional features. 

As is explained later, the receiver can be modified 

Aerial tuned 

circuit BA102 

Product 
detector 
MC 1496 

RF filter --1111.. 

Phones 

Oscillator 
BC107 
BA102 

Fig. 1. Block diagram showing the stages in the direct conversion 
homodyne receiver, together with the associated semiconductor 
devices. The oscillator feeds the missing carrier frequency into 

the product detector. 
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The homodyne receiver has three controls only. 

These are the handset and bandspread tuning 
controls and the combined volume control 

and on -off switch. 

for s.s.b. and c.w. reception on the 40 metre band. 

OPERATING PRINCIPLE 
Ordinary a.m. transmissions are rarely encountered 

on the amateur bands these days, and the two main 
transmission modes in use are c.w. and s.s.b. Although 
not essential, it is extremely helpful to have a basic 
understanding of s.s.b. when using a receiver for this 
mode of transmission. 

An s.s.b. signal is often considered as being an or- 
dinary a.m. one with the carrier and one sideband 
suppressed, although it need not actually be generated 
in this way. An a.m. transmission consists of three 
parts, the carrier, the upper sideband and the lower 
sideband. A simple example is shown in Fig. 2. Here 
we assume a 1MHz carrier is being modulated by a 
2kHz audio tone. The modulation produces two 
new signals in addition to the 1MHz carrier, 
these appearing at 2kHz above and 2kHz be- 
low the carrier. Their amplitude is relative to 

the applied modulation level. The sidebands react 
with the carrier at the detector of an a.m. receiver to 
produce the original 2kHz audio tone. The phasing of 
the two sidebands prevents them from reacting with 
each other to form a 4kHz audio tone. 

Amplitude 

o 

Lower sideband 

Carrier 

Upper sideband 

0 998 IMHz 
MHz 

Frequency 

1002 
MHz 

Fig. 2. The signals which are transmitted when 
a carrier of 1MHz is amplitude modulated by 

a 2kHz tone. 
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COMPONENTS 
Resistors 
(All fixed values } watt 5%) 

R1 4.7kû 
R2 4.7k n 
R3 4.7k n 
R4 4.7k û 
R5 680 
R6 5.6k û 
R7 470k n 
R8 3.9k n 
R9 3.9kû 
R10 4.7k û 
R11 10M n 
R12 470kû 
R13 680n 
R14 4.7k n 
R15 470kû 
VR1 5k potentiometer, log with switch Sl(a)(b) 
VR2 100kû potentiometer, linear 
VR3 10k n potentiometer, linear 

Capacitors 
C1 10 -60pF ceramic trimmer 
C2 22pF ceramic plate or silvered mica 
C3 47pF polystyrene 
C4 0.047µF type C280 (Mullard) 
C5 100ttF electrolytic, 10 V. Wkg. 
C6 0.047µF type C280 (Mullard) 
C7 0.47µF type C280 (Mullard) 
C8 0.474F type C280 (Mullard) 
C9 2.2pF ceramic late or silvered mica 
C10 100µF electrolytic, 10 V. Wkg. 
C11 0.01µF type C280 (Mullard) 
C12 470pF ceramic plate or silvered mica 
C13 10 -60pF ceramic trimmer 
C14 68pF ceramic plate or silvered mica 
C15 100pF polystyrene 
C16 0.47µF type C280 (Mullard) 

Coils 
Ll Miniature Dual -Purpose Transistor Tuning 

Coil, Blue, Range 3T (Denco) 
L2 Miniature Dual - Purpose Transistor Tuning 

Coil, Red, Range 3T (Denco) 

Semiconductors 
IC1 MC1496 (see text) 
IC2 748 (see text) 
TRI BC107 
D1 BA102 
D2 BZY88C13V 
D3 BA102 

Sockets 
SKI. Insulated socket 
SK2 3.5mm. jack socket 
SK3 Insulated socket 

Switch 
Sl(a)(b) d.p.s.t. toggle (part of VR1) 

Miscellaneous 
Aluminium chassis with base plate, 8 x 6 x 24in. 
2, batteries type PP3 (Ever Ready) 
2 battery connectors 
3 control knobs 
2 B9A valveholders 
4 rubber feet 
Plain perforated s.r.b. panel, 0.1 in. matrix 
20 s.w.g. aluminium sheet (for coil brackets) 
Nuts, bolts, wire, etc. 

681 

www.americanradiohistory.com

www.americanradiohistory.com


Most of the small components are assembled 
on a perforated s.r.b.p. panel. There is ample 
room in the case for this and the two brackets 

on which the coils are mounted. 

In practice, when speech or music is being 
transmitted many frequencies are produced in the 
sidebands and the signal is very complex. The basic 
principle is still the same though, with the audio fre- 
quencies being produced at the detector in the same 
way. 

A.M. has severe limitations in the amateur bands 
where only a very limited maximum transmitter 
power input and band space are available. One of 
these limitations is that if two ordinary a.m. 
transmitters are operating close to each other in terms 
of frequency, their carriers will produce a beat note 
which will be heard as a whistling sound from a 
receiver tuned to them. This effect is frequently ap- 
parent when tuning across the medium wave band 
after dark. 

Another drawback with a.m. is that a lot of the 
transmitter.'s power is wasted in transmitting the 
carrier, which does not contain any of the intelligence 
to be transmitted. It is quite possible to suppress the 
carrier at the transmitter, and use an oscillator at the 
receiver to replace the missing part of the signal so 
that the audio modulation can be recovered. The full 
power of the transmitter can then be gainfully 
employed in the sidebands. 

The amateur bands are rather narrow, the 80 metre 
band being for instance only some 300kHz wide. It is 
therefore desirable for each transmission to take up as 
little space in the band as possible. 

Both of the sidebands of an a.m. signal contain the 
necessary information to produce the original audio 
signal, and by filtering out one of these sidebands the 
remaining signal will occupy less than half the 
bandwidth of the comparable double sideband signal. 
The remaining sideband will still react with the os- 
cillator at the receiver to produce the required audio 
signal. 

This type of transmission is known as single side - 
band suppressed carrier (s.s.b.), and either the upper 
sideband (u.s.b.) or the lower sideband (1.s.b.) can be 
transmitted. 
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DIRECT CONVERSION 
A product detector forms the heart of a direct con- 

version receiver of the type to be described here. The 
product detector is a form of mixer, and the frequen- 
cies at its output are the two input signals together 
with signals which are equal to the sum and difference 
of the two input signals. The aerial is coupled to one 
input of the detector via a tuned circuit which rejects 
signals outside the required band. An oscillator which 
is tunable over the desired band is connected to the 
other input. 

Suppose that the detector is used to demodulate a 
signal which has a suppressed carrier frequency of 
3.6MHz. By tuning the oscillator to 3.6MHz, the 
difference signal output from the detector will be the 
original audio signal. For instance, if a 1kHz signal is 
modulating the 3.6MHz carrier in an I.s.b. transmis- 
sion, the sideband will be at 3.599MHz. This will 
give a difference signal at the product detector output 
of 0.001MHz (3.6 minus 3.599) or 1kHz. 

A c.w. signal is simply a keyed carrier or morse 
signal, and the oscillator is tuned slightly above or 
below this so that it heterodynes with the carrier to 
produce an audio note of the desired pitch. 

Apart from the audio signal, all the signals at the 
output of the product detector are at radio frequency, 
and can therefore easily be filtered out. 

An important feature of a product detector is that 
signals appearing at the aerial input do not react with 
one another to produce an audio output, but only with 
the oscillator. This is essential if good quality audio is to 
be produced, and is the reason for the rather poor 
audio quality produced in the s.s.b. mode by receivers 
which are not equipped with a proper product detec- 
tor. 

THE CIRCUIT 
The complete circuit of the 80 metre direct conver- 

sion receiver appears in Fig. 3. It will be seen that there 
are two 9 volt supplies, one positive of chassis and the 
other negative of chassis. These are provided by two 
PP3 batteries. 

The aerial is coupled to one input of IC1, which 
functions as the product detector, by way of Ll and 
C4. The tuned winding of Ll rejects signals outside 
the required band. IC1 employs an array of three in- 
terconnected differential amplifiers and incorporates 
the equivalent of eight transistors, three resistors and 
a diode. 

There are two outputs from the i.c., one at pin 6 and 
one at pin 12. R8 and R9 are the collector load 
resistors for the output transistors inside the i.c., but 
only the output at pin 12 is employed in the present 
receiver. The output at pin 6 is ignored. 

C6 filters out the r.f. signals present at pin 12, and 
the remaining audio signal is fed te the volume con- 
trol, VR1, via C7. 

Bias for the transistors in the i.c. is provided by R1 
to R6. Another resistor would normally be connected 
between pins 2 and 3 to give the device the required 
gain. However, in the present circuit all the r.f. 
amplification is provided by the i.c. and it is 
necessary for this to have as much ga;n as possible. 
In consequence, the two pins are simply connected 
together, whereupon the i.c. offers a i.onsiderable 
degree of r.f. gain. 

Audio amplification is given by IC2, and this also 
offers a high level of gain. The i.c. employed is the 
748, and it is connected as an inverting amplifier, with 
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the gain controlled by the values of R11 and R10. The 
actual gain level is equal to R11 divided by R10, and 
this is in excess of 2,000 times. The non -inverting in- 
put is taken direct to chassis for biasing purposes. 
Compensation is given by C9. 

The output is taken direct from pin 10 of IC2 and 
this is intended for either crystal headphones or a 
crystal earphone. Crystal headphones are more 
satisfactory for short wave listening. Although the out- 
put will also feed high resistance (2,000 n plus 2,000n 
magnetic headphones, the use of such headphones is 
not really advised as there is then a tendency towards 
motor -boating when the volume control is turned high 
and the batteries have aged a little. The motor - 
boating does not occur with a crystal earphone or 
crystal headphones. The output could be connected, 
via a capacitor of around 0.02µF, to a high input im- 
pedance amplifier driving a speaker, but the construc- 
tor is advised to ensure that the circuit functions 
adequately with the crystal earphone or headphones 
first. 

Transistor TRI functions as the oscillator, and it 
operates in the common emitter mode. L2 allows 
positive feedback to be given from the collector to the 
base of TRI at a frequency determined by its tuned 
winding. It is necessary for the oscillator to have a 
fairly high output as it is important that the relevant 
transistors in the product detector are used in a 
switching rather than a linear mode. An inadequate 
oscillator amplitude would result in a loss of audio 
quality. The oscillator gives an output greater than 2 
volts peak -to -peak when loaded, which is more than 
adequate. The output is coupled to pin 10 of IC1 via 
C11. 

As already mentioned, power is obtained from two 
9 -volt batteries. These are connected in series with the 
centre connection earthed to chassis. This type of cir- 
cuit is rather unusual in a receiver but IC1 is designed 
to operate from a dual supply, and it is then con- 
venient to operate IC2 from the dual supply also. Si is 
the on -off switch and is ganged with Vii. C10 and C5 
are supply bypass capacitors. Current consumption is 
approximately 7mA from the positive supply and 
7.2mA from the negative supply. 

Tuning is carried out by variable capacitance 
diodes. Of these, D1 tunes the aerial circuit and D3 
the oscillator circuit. R14 and zener diode D2 provide 
a stabilized voltage for the tuning control poten- 
tiometers, VR2 and VR3. VR2 is the main tuning, or 
bandset control, whilst VR3 is the bandspread con- 
trol. The values of C3 and C15 have been chosen to 
give good tracking between the two tuned circuits, 
although this is not very critical due to the restricted 
range of frequencies which are covered and the 
relatively wide bandwidth of LI. 

Both the integrated circuits are employed in their 14 
pin d.i.l. form. The MC1496 is manufactured in three 
different packages: MC1496G (round 10 pin), 
MC1496L (ceramic 14 pin d.i.i.) and MC1496P 
(plastic 14 pin d.i.l.). The MC1496L is listed by S.C.S. 
Components, Northfield Industrial Estate, Beresford 

' Avenue, Wembley, Middlesex. Of the remaining 
parts, the 10 -60pF ceramic trimmers required for Cl 
and C15 are available from Henry's Radio and 
Doram Electronics. 

CASE 
The receiver is built in an aluminium chassis with 

base plate measuring 8 by 6 by 2 in. The chassis is us- 
ed, in effect, upside -down with the base plate forming 
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Fig. 4. Drilling details for the front and rear 
panels. 
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Fig. 5. Two brackets, each having the 
dimensions shown here, hold the valveholders 

into which the coils are plugged. 
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the lid. The chassis may be home -constructed or 
purchased ready -made. Drilling details for the front 
and rear panels are shown in Fig. 4. Four holes near 
the corners of what is now the bottom of the case are 
also required, these being employed for mounting four 
rubber feet. 

The coils Ll and L2 plug into B9A valveholders, to 
the tags of which the circuit connections are made. 
Each valveholder is mounted on an L- shaped bracket, 
details of which are given in Fig. 5. The approximate 
positions taken up by the two brackets can be seen in 
the photographs. The case bottom may be drilled to 
take them and the brackets then mounted in place. 
Their exact positioning is not critical. 
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COMPONENT PANEL 

Most of the small components are assembled on a 
plain perforated s.r.b.p panel of 0.1 in. matrix having 
36 by 20 holes. Fig. 6 illustrates the component layout 
and the underside wiring of the panel. 

First, cut out the panel to the required size using a 
small hacksaw. Care should be taken in cutting as 
board of this type tends to be brittle. The two 6BA 
clear holes are next drilled out, after which the com- 
ponents are mounted in the positions shown. As each 
component is fitted its lead -outs are bent over at right 
angles so that they rest flat against the underside of 
the panel. The pins of the i.c.'s are similarly bent out 
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A view from the rear, illustrating the wiring 
at the back of the front panel. 

flat. When all the components are in place, their lead - 
outs are soldered together as shown. Lengths of tinned 
copper wire are employed for link wires and for other 
connections where component lead -out wires cannot 
be used. Sleeving is passed ever any wire which is 
liable to short- circuit against another wire. It is also 
passed over the long wire running from hole B8 to hole 
N30. 

A number of flying leads connecting to external 
components are also wired to the panel. These may 
consist of flexible insulated wires, each about loin. 
long. They will be cut to their final length later when 
their free ends are connected. 

NEXT MONTH 
Details will be given of the remaining wiring of the 

receiver in next month's concluding article. This arti- 
cle will also deal with the adjustment and use of the 
receiver, and will describe the modification required 
for operation on 50 metres. 

(To be concluded) 

RESISTIVE BANDSPREAD 
CONTROL 

By S. L. Martin 

An inexpensive approach for cases 
where small changes in short wave os- 

cillator frequency are required. 

Variable capacitor prices are shooting up these 
days, so much so that the home constructor has to 
start thinking of alternative methods of tuning a coil if 
these can produce a saving in costs. 

The accompanying circuit shows a means of ob- 
taining bandspread, or fine tuning, which has been 
employed in some commercially produced short wave 
receivers, and it can prove to be of value where small 
shifts in the resonant frequency of a tuned circuit are 
all that are required. 

2 2 pF 

Bandspread 5kn 

control 

Oscillator section of 
ganged tuning 
capacitor 

An unusual means of obtaining small shifts in 
the frequency of a short wave radio oscillator 

POTENTIOMETER TUNING 
The potentiometer is coupled via a 2.2pF capacitor 

to the oscillator section of the short wave receiver 
ganged capacitor, and it varies oscillator tuning over a 
small range. When the potentiometer inserts max- 
imum resistance into circuit the coupling between the 
oscillator tuned circuit and the 2.2pF capacitor is at a 
minimum and the detuning effect is low. When the 
potentiometer inserts zero resistance into circuit, the 
2.2pF capacitor is coupled directly across the os- 
cillator tuned circuit and the alteration in oscillator 
frequency is at a maximum. Intermediate settings of 
the potentiometer produce intermediate changes in 
oscillator tuning, whereupon the potentiometer acts as 
a bandspread tuning control. 

Purists will recoil from the circuit with horror but, 
as already mentioned, it has been used commercially. 
Naturally, the arrangement is only feasible when very 
low changes in frequency are required. The poten- 
tiometer is a small carbon component with a linear 
track. Also, of course, the potentiometer and the 
2.2pF capacitor must be connected to the main tuning 
capacitor with short wiring, just as would be required 
if the bandspread control were a conventional low 
value variable capacitor. 
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Radio 
Topics 

By Recorder 
I was checking through a com- 

ponents list for a project with a 
colleague the other day and had 
successfully passed through the 
resistors, capacitors, mains 
transformer, semiconductors and 
switches, when I came to the neon pilot 
lamp. 

"NEl ", I called out. 
Quick as a flash my colleagues 

replied, "For tennis ?" 
All I can say is that worse things 

happen at sea. 

PUN MY SOUL 
Nevertheless, my mind started 

roaming later around the terrible puns 
that crop up in electronics, and I 
thought I'd commence this month with 
a few which you may not have heard 
before. My apologies in advance if I 
have unwittingly lifted any from 
material which has appeared before. 

To begin at a really agonising level 
one may forgivably be excused, I sup- 
pose, for assuming that a catering dis- 
tributor operates a pi network. Or that 
the most efficient worker at the bus 
garage is a superconductor. 

Possibly, that scorch mark on your 
trousers could be an ion burn. And, 
could a tunnel diode be a piece of 
poetry composed by a Welsh miner? A 
variable reluctance pick -up might be 
the sort of thing that happens along 
seaside promenades. Or, at least, used 
to happen in the older days. 

The noise emanating from a dog 
kennel at night might perhaps be 
Barkhausen radiation. 

But the one I like best, or the one 
which is the least excrutiating, has to 
do with the hi -fi record player which 
reproduces perfectly every disc played 
on it, which responds immediately and 
faultlessly to all adjustments made to 
its controls, and which contributes no 
colouring of its own to the sound it 
produces. It incorporates a deferential 
amplifier. 

ELIMINATOR SNAG 
Turning, hastily, to a more serious 

subject, a friend of mine decided that 
he had had enough of paying con- 
tinually increasing prices for the 9 volt 
battery in his a.m. transistor radio and 
so he decided to knock up a little 
mains unit. 

JUNE 1976 

This was a very simple arrangement 
and consisted of a 6.3 volt heater 
transformer feeding into a bridge rec- 
tifier incorporating four 1N4002 
diodes, these being followed by a 
50012F electrolytic reservoir capacitor. 
With a reservoir capacitance as high as 
this the voltage appearing across it, 
when the radio was playing at low level 
and drawing around 10mA, would be 
very nearly the peak value of the rec- 
tified transformer secondary voltage. 
The peak voltage across the 6.3 volt 
secondary is 1.4 times 6.3, or about 8.8 
volts. There are two silicon diodes 
between the transformer secondary 
and the reservoir capacitor on each a.c. 
half -cycle, causing a forward voltage 
drop of twice 0.6 volt, or 1.2 volts. So, 
theoretically the peak voltage across 
the reservoir capacitor would be 8.8 
minus 1.2 volts, or 7.6 volts. In prac- 
tice, it turned out to be just short of 8.5 
volts. This is presumably due to the 
fact that the transformer secondary 
offered more than its nominal 6.3 volts 
at the low currents involved, having 
been provided by its manufacturer 
with a few extra turns to give the cor- 
rect voltage when loaded by a normal 
valve heater circuit consuming an amp 
or so. 

The power unit replaced the tran- 
sistor radio battery quite satisfactori- 
ly, the receiver battery leads now being 
connected directly to the 5000F reser- 
voir capacitor. There was little trace 
of hum, although the hum level did in- 
crease somewhat when the volume was 
turned high. However, my friend does 
not normally have the radio blaring 
away and he was quite happy with his 
power unit. I must hasten to add that 
an elementary battery eliminator of 
the type I've just described may not be 
suitable with all transistor radios, and 
that some may require a more com- 
prehensive type of power supply. 

Then my friend encountered a snag. 
He had been in the habit of turning on 
the mains supply to the power unit 
first and then switching on the radio 
by means of the switch on its rim - 
operated volume control. One day the 
switch became erratic and he had to 
operate it several times before the 
radio turned on. 

SURGE CURRENT 
The reason for the switch failure 

was almost certainly the fact that the 
surge current, on switch -on, was much 
higher with the mains unit than it had 
been with a battery. The receiver had 
the usual high value electrolytic 
capacitor of around 200,4 con- 
nected across its supply rails; with a 
battery the switch -on surge current 
which charged this electrolytic would 
be limited by the internal resistance of 
the battery, whereas with the mains 
unit the switch -on surge current would 
come from the charged 5000F reser- 
voir capacitor. As a matter of interest I 
measured the short- circuit current of a 
new PP9 battery recently and found 
this to be approximately 1 amp. In 
consequence, one could assume an in- 
ternal resistance of the order of 9Q in a 
battery of this size and a higher inter- 
nal resistance in smaller batteries. 
Also, internal resistance in any battery 
increases as it ages. One would expect 
much lower internal resistance in a 
large value electrolytic capacitor. 

My friend removed the volume con- 
trol and was able to reach and clean up 
the somewhat elementary contact set 
at its switch. After this he always en- 
sured that the volume control switch 
was closed before turning on the mains 
supply, and he has had no trouble with 
it since. And so ends a little story 
which carries its own moral for anyone 
who intends running a transistor radio 
from a mains supply unit. 

PRINTED CIRCUITS 
Printed circuits have been with us 

for many years now and they have 
been instrumental in keeping down the 
cost of manufactured entertainment 
equipment despite general inflation. 
But they have also brought about a 
minor change which is particularly 
beneficial to the home constructor. 

In the old days, radio and television 
sets were mass produced on metal 
chassis with the individual com- 
ponents connected to tags on tagstrips 
and the like. As the chassis went down 
the production line, girls fitted the 
components in place and soldered 
their lead -outs. 

Now, the process of soldering with 
an iron and resin cored solder means 
that the tip of the iron automatically 
rubs the work to be soldered and 
physically removes any oxide that 
may be present. As soon as the flux in 
the solder reaches the bare metal it is 
more capable of breaking down further 
oxides. I 

When printed circuits first started, 
solder joints were made typically by 
passing each board over a solder wave. 
The lack of abrasion during the solder- 
ing process soon became apparent, and 
lead -out wires which were previously 
considered perfectly solderable 
produced a dismal quantity of cold 

hjoints. 
Work was then urgently put in 

and to improve the solderability of 
component lead -outs. 

And that, dear reader, is why the 
modern components you buy these 
days solder so readily and well! 
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SIMPLE 
TRANSISTOR 

TESTER 
By Brian Reay 

Our contributor describes an item of test equipment employ- 
ing non -critical components which permits simple go /no -go 
checking of bipolar transistors. The tester may also be 

employed as a signal injector and morse code oscillator. 
Following repeated domestic requests to "get rid of 

some of that junk," the author decided to at least dis- 
pose of unserviceable components. Thus, the need for 
a transistor tester arose, and it was felt that this 
should not incorporate an expensive meter movement. 
Not possessing any published plans for a suitable 
tester, or in fact ever having seen any, the author 
designed his own. 

The result is a transistor tester which is cheap and 
small, which tests both n.p.n. and p.n.p. transistors 
and which also doubles as a signal injector and morse 
code oscillator. It should be noted at this stage that 
the unit merely tests for good or no -good transistors. 

MULTIVIBRATOR 
The basic circuit is a simple multivibrator with 

switching to facilitate the checking of hot h n.p.n. and 
p.n.p. transistors. 

The circuit of the tester appears in Fig. 1. The tran- 
sistor to be tested is connected to the test socket and 
52 and S:I set to the polarity required. If the test t ran: 
sistor is n.p.n. the switches are put to position 1, 

whereupon the test transistor enters a multivibrator 
circuit in common with TR1, the upper supply rail be- 
ing positive. If, when push -button SI is pressed, an 
audio tone is heard in a crystal earphone plugged into 
the jack socket then the test transistor is good. 

BC 109 
Lead -outs 

dot 

OC44 
Lead -outs 

2 

BY! 

1-5V 

S2 /53 positions - I N P.N. 

2 P.N.P. 

Fig. 1. The circuit of the transistor tester. If the test transistor is serviceable an a.f. tone is produced in a 

crystal earphone plugged into the jack socket 
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COMPONENTS 

Resistors 
(An watt 10'./ 

RI 22kû 
R2 68kû 
R:l 68k û 
R4 '22kû 

('apacitors 
CI 0.01µF plastic foil 
C2 0.0114F plastic foil 
C3 0.01µF plastic foil 

Transistors 
TRI BC109 
TR2 0C44 

Switches 
Si push- button, press to make 
S2 d.p.d.t. slide 
5:1 d.p.d.t. slide 

Socket 
JK1 3.5mm. jack socket 

Bat tery 
RY1 1.5 volt cell type HP7 (Ever Ready) 

))Miscellaneous 
Crystal earphone with 3.5mm. jack plug 
Transistor socket 

Should the test transistor be p.n.p., 52 and 53 are 
set to position 2, causing the upper supply rail to 
become negative and the test transistor to enter a mul- 
tivibrator circuit in combination with TR2. Again, the 
appearance of an a.f. tone in the earphone when 51 is 
pressed denotes that the test transistor is good. 

Because of the low supply voltage of 1.5 volts the 
a.f. tone produced is lower than the calculated value 
for R2, R3, Cl and C2. The frequency will vary a little 
also according to whether the test transistor is ger- 
manium or silicon, because of the different forward 
base -emitter voltages in these two types of transistor. 
In practice the frequency is of the order of 800Hz. It 
will be noted that TR1 in the tester is silicon and 'TR2 
is germanium. These both function well, and it is 
possible that almost any small signal n.p.n. transistor 
could be used for TRI and almost any small signal 
p.n.p. transistor could be used for TR2. However, cir- 
cuit operation has only been checked with the two 
transistors specified. 

MORSE OSCILLATOR 
To use the unit as a morse code oscillator a known 

good transistor is fitted to the test socket, S2 and Sl 
adjusted to the required polarity and a crystal 
earphone connected to the jack socket. The oscillator 
may then be keyed by S1 or by a morse key connected 
across SI. 

With a known good transistor connected to the test 
socket, the unit may also be used as a signal injector. 
For this application two flexible test leads are con- 
nected to a 3.5mm. jack plug which is plugged into 
JK1. The lead connected to the jack plug sleeve is ter- 
minated in a crocodile clip whilst that connected to 
the jack plug tip is terminated in a test prod. 7'he clip 
is connected to the chassis of the equipment being 
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TR! To CI 

ond P3 

To 

FN ,' 

To lower 
supply roil 

NPN 

PNP 

53 

To 51 

BY' neg 

To lower 
supply 
rail 

BYI pos 

Fig. 2. The wiring at the two slide switches 

checked and the test prod is applied to signal test 
points. The oscillator output contains useful har- 
monics extending well above 1MHz and so the test 
prod may be applied to r.f. as well as a.f. circuits. The 
unit should be used as a signal injector with low 
voltage transistor equipment only. 

'l'he two slide switches are wired up as shown in Fig. 
2. Fig. 3. shows how they are "ganged" by fitting a 
small piece of plastic between their dollies, this being 
secured' with Araldite. S2 and S3 could, if desired, be 
.replaced by a 4 -pole 2 -way rotary switch. However, 
such a switch must have break -before -make contacts 
or the cell will be momentarily short -circuited each 
time it is operated. 

NPN 

sz 

PNP 

Plastic%bridgi 

53 

Slots in panel 

Fig. 3. The slide switches are " "ganged" by e 
plastic " "bridge " between their dollies which is 

secured with Araldite 

All the parts are assembled in a small plastic case 
with Si, S2, S3, .JK1 and the test socket mounted on 
the front panel. 

The prototype has been employed successfully for 
checking a wide range of transistors, both marked and 
unmarked. If it is unknown whether the test transistor 
is n.p.n. or p.n.p. it may be checked first for one 
polarity and then for the other. It is very doubtful il' 
the transistor could be harmed by an incorrect con- 
nection, due to the low supply voltage and the 
presence of RI and R2. Similarly, if the lead layout of 
the transistor is unknown it may be connected to the 
test socket in different ways until the correct method 
of connection is found. 
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The Thor -Delta rocket used for the 
launch of Oscars 6 and 7. 

090 

OSCAR 8 
Future plans for 
the next amateur 

radio satellite 
By Arthur C. Gee 

Plans for the next Amateur Radio 
Satellite are now sufficiently well ad- 
vanced for some details of the project 
to be published. Information is coming 
in from the various agencies involved 
in the next phase of amateur radio 
satellite development, which enables 
an informed description of OSCAR 8, 
which will be the first of a new order of 
amateur radio communication 
satellites, to be published. 

The first point of interest about the 
Phase III satellites is that they will 
have eliptical orbits, not circular ones 
as with the earlier OSCARS. The 
proposed orbit for OSCAR 8 is an 
apogee (furthest away point) of 36000 
Km and a perigee (closest point) of 
1500 Km. The apogee would be over 
the northern part of'the earth, and the 
perigee over the south, with an orbit 
time of 11 hours. This would give a 
much longer period of time for com- 
munication for stations situated in the 
northern hemisphere - where most of 
the activity is. Communication 
between such stations could take place 
for periods measured in hours, rather 
than in minutes, as at present with cir- 
cular orbits. 

Putting a satellite into an eliptical 
orbit requires a boost motor, to modify 
the ejection orbit into the required 
eliptical one. So OSCAR 8 will be the 
first amateur radio satellite to have a 
rocket motor. AMSAT -USA who are 
responsible for co- ordinating the 
Phase III programme, have located a 
suitable apogee boost motor and 
progress is being made in negotiations 
with a solid propellant motor supply 
company for its manufacture. The 
motor will make up two thirds of the 
total weight of OSCAR 8 before igni- 
tion. 

Phase DI orbits 

s 

The configuration of OSCAR 8 will 
be in the form of a three pointed star, 
the centre being the orbit change 
motor; the three arms containing the 
rest of the equipment and displaying 
the solar panels. This spacecraft struc- 
ture has been selected to allow the 
maximum possible size that can be 
placed into the launch vehicle, while 
maintaining the rotation symmetry 
and moment of inertia properties im- 
parted to a spinning satellite. 
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S/C / launch vehicle 

interface ring 
(standard 9 inch) 

Apogee boost 
motor nozzle 

Solar arrays 
(6) surfaces 

Amsat phase III 
spacecraft 
(side view) 

HI -Gain antenna 

In order to ascertain the most pop- 
ular frequencies for the transmission 
and reception transponder, present 
users of OSCAR's 6 and 7 were asked 
to write -in their preferencies. A con- 
siderable amount of divergence of opi- 
nion was expressed and as a result it is 
hoped to make both frequencies of 
435.1 MHz and 145.9 MHz available 
for both transmission and reception, 
with facilities for switching over 
from one mode to the other. That 
is to say there will be both 435/145 

MHz and 145/435 MHz transponders 
aboard. 

The planned life of OSCAR 8 is for 
three years, but if it turns out to be as 
successful as OSCAR 6, one can an- 
ticipate a longer life span than this. 
OSCAR 6 was planned for a life span 
of one year - and itcelebrated its 
third birthday on October 15th last! 

Oscar 8, like its predecessor, will be 
a joint international project. AMSAT- 
USA is responsible for managing the 
overall Phase III programme; for 

functional testing of the flight 
spacecraft and for procuring the major 
space items such as batteries, solar 
arrays, I.C.s, space certified com- 
ponents and so on. 

The AMSAT -VK Group (Project 
Australis -WIA) is responsble for the 
ground station control equipment. Use 
will be made of a 8008 or 8080 
microprocessor. It is proposed to use 
the latest techniques in teletype for 
command and telemetry purposes, 
with visual display terminal units. 

AMSAT Deutchland is responsible 
for the engineering design of OSCAR 8 
itself. One important unit is that 
known as the Integrated Housekeeping 
Unit (IHU) which will include the 
Command Decoder and will have a 
microprocessor and a memory unit. 
The transponders, solar power units 
and antennas are also the responsibili- 
ty of AMSAT -DL. AMSAT -Canada 
are working on the artwork for the 
flight command decoder printed cir- 
cuit board and also on the ground 
checkout equipment which will be 
needed to test the spacecraft and its 
sub -systems out. 

With such a complex spacecraft to 
build and check out, it is not to be ex- 
pected that OSCAR 8 will be ready for 
launching until well into 1979 or later. 
When it does go into orbit, it's cer- 
tainly going to be a most exciting 
satellite for the OSCAR enthusiasts to 
learn to use. 

IN NEXT MONTH'S 

4 -WAY BEAM SPLITTER 
This unit allows the simultaneous presentation of four 
separate traces on a single oscilloscope screen. 
Switching from one trace to the next may be syn- 
chronised with the C.R.O. timebase, or it may be 
achieved by an unsynchronised chopping circuit. A 
switch is also provided which allows the circuit to split 

two waveforms only instead of four. 

GENERAL PURPOSE I.C. AMPLIFIER 

This simple a.f. amplifier requires only a small 
number of discrete components in addition to its in- 

tegrated circuit. 

AUDIO CONTROL CIRCUITS 
The first of 3 articles introducing the Motorola 
MC3340P electronic attenuator and describes it use in 
an audio compression amplifier and an audio squelch 

unit. 

RADIOtiELECTRONICS 
CONSTFUCTOR 

MANY OTHER ARTICLES 

PLUS ALL THE 

USUAL FEATURES 
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TWO 

TRANSISTOR 
TOUCH BUTTON 

An inexpensive touch button circuit 
which is operated by stray mains hum 

voltages. 

This touch button circuit employs two commonly 
encountered n.p.n. transistors in a simple configura- 
tion which enables a relay to energise whenever a 
metal button is touched. The prototype was very sen- 
sitive, but it has to be mentioned that the sensitivity 
depends to some extent on the mains wiring and 
earthed objects in the vicinity of the button. 

MAINS OPERATION 
An essential feature of the unit is that it has to be 

mains operated. This does not represent a disadvan- 
tage as continuous operation from a battery could 
prove expensive. 

In the circuit, which appears in the accompanying 
diagram, the mains supply incorporates a heater 
transformer, TI, the 6.3 volt secondary of which con- 
nects to the bridge rectifier given by D2 to D5. These 
then couple to the large value electrolytic reservoir 
capacitor, C3. A direct voltage supply which is suf- 
ficiently smooth for the present application appears 
across this capacitor. 

TR1 and TR2 are connected in a Darlington pair con- 
figuration which gives a very high level of current gain. 
The base of TR1 is left open with no biasing resistors, 
and it is found that the transistor passes negligible 
emitter current under this condition. Voltage excur- 
sion at TRI base is limited, in the positive direction, 
by forward turn -on in the base -emitter junctions of 
the two transistors. In the negative direction TR1 base 
voltage is limited by zener conduction in the two base - 
emitter junctions at the maximum reverse voltage 
levels. TM base is coupled to the touch button via C2 
and a length of screened cable, the braiding of which 
connects to the negative supply rail. 
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By D. W. Savage 

COMPONENTS 
Resistor 

R1 30(2 watt 5% 

Capacitors 
Cl 100pF electrolytic, 10 V. Wkg. 
C2 0.2µF plastic foil 
C3 1,000µF electrolytic, 10 V. Wkg. 

Transformer 
TI Mains heater transformer, secondary 
6.3V at 1 amp or more 

Semiconductors 
TR1 BC107 
TR2 BC107 
D1 -D5 1N4002 

Switch 
Si d.p.s.t. toggle 

Relay 
Miniature Open P.C. Relay, 41011 coil 
(Doram) 

If the button is touched by a finger a hum voltage at 
50Hz is applied to the base of TR1. As readers who 
have inspected the trace given by random hum pick- 
up on an oscilloscope will know, the hum voltage may 
be anything but sinusoidal, but it will still essentially 
be a 50Hz alternating voltage with added harmonics. 
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Touch 

button 

BC 107 

Lead -outs 
Relay 

contacts 

To switched 
circuit 

The touch button switch requires few components and is relatively easy to assemble. The relay energises 
when the button is touched 

The consequent small base current in TR1 is con- 
siderably amplified by the two transistors, causing 
pulses of current at 50Hz to be passed to the relay coil. 
Cl, across the relay coil, acts as a reservoir capacitor 
and charges such that the voltage across the relay coil 
remains steady at very nearly its peak value. Resistor 
R1 limits charging current in Cl to 200mA, which is 
the maximum rated emitter current for TR2. In the 
prototype the measured voltage drop between TR2 
collector and emitter when the button was touched fell 
to about 1.3 volts only. It could be reduced (and the 
voltage across the relay coil consequently increased) 
by increasing the value of C 1, but this tends to make 
relay release a little sluggish. With the present compo- 
nent values and voltages it would appear that TR2 is 
hard on for at least part of the incoming hum cycle at 
TR1 base. 

The relay employed is a versatile type available 
from Doram Electronics which is featuring in quite a 
number of home -construction designs these days. Its 
coil voltage operate range is 4.8 to 35 volts, and its 
changeover contacts are rated 5 amps at 250 volts a.c. 
or 30 volts d.c. Although primarily intended for fitting 
to a printed circuit board by means of its tags, it can 
also be mounted by two 8BA bolts passing through 
holes in its metal frame. The frame is common to its 
moving contact whereupon, if the relay is used to 
switch a mains circuit, care must be taken to ensure 
that the mounting bolt -heads or nuts are contained 
inside an insulated housing. 

TOUCH BUTTON 
The touch button can be a small circle of any shiny 

metal having a diameter of about 0.5in. It is mounted 
in an insulated surround and couples to C2 via screen- 
ed cable. Television coaxial cable should be satisfac- 
tory for lengths up to 20ft. or so but it may be 
necessary to use screened audio wire for longer 
lengths. The length of unscreened wire at both ends 
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should be about half an inch or less, and the leads of 
C2 inside the unit should be kept short. This will pre- 
vent unnecessary hum pick -up in the base circuit of 
TRI. The touch button should not be positioned out of 
doors or in a damp location. 

The hum pick -up when the button is touched is due 
to two causes. First, the finger touching the button in- 
jects hum into the circuit in the same way as hum is 
introduced in an a.f. amplifier by touching a high im- 
pedance input point. Second, the negative and 
positive rails inside the unit couple to the mains supp- 
ly by way of small stray capacitances in the mains 
transformer, rectifiers and wiring, whereupon hum is 
introduced to the input by reason of the capacitance 
to earth of the person who touches the button. 
Although not necessarily cumulative, these two effects 
will normally ensure that a high level of hum is 
applied to the unit when the button is touched. 

Despite the absence of a d.c. return to its base, TR1 
passes negligible leakage current. Several transistors 
have been checked out in the TR1 position and all 
gave similar results. If the screening to the touch but- 
ton is carried out effectively, the measured voltage 
across the relay coil should be zero when the button is 
not touched, this rising sharply to about 5.4 volts 
when the button is touched. 

D1, across the relay coif, iz the usual protective 
diode which prevents the appearance of a high back - 
e.m.f. voltage when the relay releases. It is probably 
unnecessary when it is considered that C1 is also con- 
nected across the coil, but it was felt that the low cost 
of the diode justified what may be an over -cautious 
approach. 

The unit should be assembled in an insulated case, 
and there is no chassis connection. The low voltage 
circuitry is isolated from the mains supply by the 
double -wound transformer but, even so, all 
precautions must be taken to ensure that there is no 
risk of accidental shock. This point applies particular- 
ly to the relay, for the reasons given earlier.. 
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THE 'SUPERALPHADYNE' 

PORTABLE RECEIVER 

Part 2 

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

This concluding article deals with the 
wiring up and checking of this selective 
reflex receiver. Also given are details of a 

suitable case. 

In the first part of this article, published last 
month, details were given of the main receiver 
assembly and the operation of the Bin. ferrite rod 
which selects the two lower wavelength ranges and ac- 
tuates the switch Si. 

We now proceed to the wiring -up of the receiver. 

WIRING 
Fit VR1, VC1 and VR2 /S2 to the receiver assembly 

with their tags taking up the positions shown in Fig. 3 
(published last month). Then take up the 18 -way 
tagboard and cut off a 5 -way section from one end, 
leaving a 13 -way tagboard. With the board one way up 

A view inside the receiver with the peg board 
panel removed 
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it will be found possible to secure its upper end to the 
item of Fig. 2(a) by means of small woodscrews passed 
through two new holes drilled at the top, and to secure 
its lower end to the item of Fig. 2(c) with the aid of a 
Lektrokit LK2311 bracket mounted at one of the ex- 
isiting central holes in theboard. This is made clear in 
Fig. 3 and 4. In both diagrams thefoot of the bracket 
points towards the reader. Determine which way up 
the board should be then drill the two extra holes. The 
bracket may now be mounted to the board with a 
short 6BA bolt, and nut, the bolt head being on the 
same side as the tags. The board is not fitted to the 
receiver assembly yet. 

Next wire up the tagboard as illustrated in Fig. 4. 
The components should not project above the 
tagboard more than about 14in. as they would then ex- 
tend over the edge of the item of Fig. 2(c). The lugs of 
Ti and T2, bent outwards, are soldered to the adja- 
cent tags of the tagboard, the latter tags being bent 
down to reduce the height of the transformers above 
the board. If the diameter of C7 is too great it must be 
mounted on the other side of the board. The compo- 
nent employed by the author was a Siemens axial lead 
type (available from Electrovalue) which has a body 
diameter of 13mm., or 0.51in. The external leads 
identified as A, and C to H, are added after the board 
is fitted in position, as also are the two leads to the 
speaker. There are three leads marked B and the com- 
ponents concerned are soldered to a common point 
outside the board. In practice, R8 crosses over the 
board and its leads should be covered with sleeving to 
obviate the risk of short- circuits. 

Put the board on one side and then complete the in- 
terconnecting wiring shown in Fig. 3. At this stage, 
also fit the 2in. 4BA bolt which secures the battery. 
Screw the tagboard to the receiver assembly and com- 
plete the remaining wiring, lettered A to H. It will be 
noted that the common connection for the three leads 
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Holes for screws to fig. 2a 

Fig. 4. Wiring up the components on the tagboard. Some of the earthy circuits are completed by way of 
the metal transformer frames. The letter references correspond with those in Fig. 3, which was 

published last month 

B is at one of the tags of VR1. Also complete the 
speaker wiring. 

No slow motion drive is provided for VC1 and, in 
consequence, this requires a large knob. A suitable 
knob can be made quite easily by initially cutting out 
a circle of Perspex with a diameter of 2 }in. This has a 
hole at its centre to fit the base of a small standard 
knob and the two are secured together with adhesive. 
A small knob is also required for fitting to the end of 
the Bin. ferrite rod. This should be of all- plastic con- 
struction and its hole is drilled out to }in. diameter 
to take the rod. The projection of the rod outside 
the case when it is fully in is some ¡in. only, but 
this should enable adequate purchase to be obtained 
with most small knobs. To reiterate, the ranges 
selected by the ferrite rod are: Range 1 (120 to 290 
metres) rod out and s.r.b.p. projection up, Range 2 
(medium waves) rod in and s.r.b.p. projection up, and 
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Range 3 (long waves) rod in and s.r.b.p. projection 
down. 

CHECKING 
The receiver chassis is now completed and perfor- 

mance may be checked. Reaction should be very 
smooth and on the normal medium wave band it 
should be found that the critical setting for VR1 which 
gives maximum sensitivity remains constant over 
nearly the whole of the band. Experimenters may like 
to replace R8 with a pre -set skeleton potentiometer of 
10k11, as this component affects the constancy of the 
reaction setting on medium waves. However, 4.7kO 
represents a good compromise value for most 
specimens of TR1, TR2 and Dl. If a potentiometer is 
employed, it should not be adjusted to insert very low 
resistance as it may then pass a somewhat excessive 
track current. 
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VR1 has to be advanced a little further for max- 
imum sensitivity on Ranges 1 and 3, and it will also 
require some adjustment for different settings in VC1. 
The most sensitive setting for VR1 is just short of os- 
cillation, and the potentiometer should be adjusted to 
this point when maximum selectivity is required. 
Volume can then be controlled by VR2. Best quality 
from local stations is given when VR1 is taken back 
from the oint of maximum sensitivity. 

If it is found that no reaction is obtained, check the 
connections to L3 to ensure that this has been con- 
nected into circuit with correct phase. 

As has already been described, the position of the 
third grommet on the 8in. ferrite rod is adjusted to 
give the required coverage on Range 1. 

adjusted 
120 

metres is about the high frequency limit for efficient 
working. The grommet is in the correct position if it 
allows Radio 4 on 285 metres to be tuned in with VC1 
nearly at maximum capacitance. If desired, the ad- 
justment in value to R6 which was referred to last 
month may also be carried out. 

I /4`plywocd Stiff wire handle Top 83/4"x 33/4" 

I 
Rear 

53/8k 

33/4° 

I 
1/4 4plywood 

3/84 

1318 I4+ _3/4 
L a ' 

Bottom 83/4"x 31/2" 

(a) 

33/4° 

53/8° 

REAR 

(c) 

CASE ' 

A suitable case is illustrated in Fig. 5. The receiver 
slides into this, the Fig. 2(d) item first, whereupon the 
range change knob appears inside the space cut out 
for it in Fig. 5(c). The panel of Fig. 2(b) is now the front 
panel of the set and this may be covered with a thin 
Perspex sheet to improve appearance. A piece of 
speaker gauze is cut to fit, and this and the receiver 
assembly can be inserted into the case at the same 
time. Alternatively, speaker fabric can be glued to the 
inside of the piece of Fig. 5(a). In Fig. 5(b) there is a 
removable peg board which has its lower edge screwed 
to the item of Fig. 2(c) and its upper end screwed to a 
small piece of wood fixed to the top of the case. The 
assembly and the case are held together when these 
two screws are inserted and tightened up. 

The case is covered with Fablon or Contact when 
complete. The dimensions shown in Fig. 5 are 
suggested for guidance only, and the actual case 
dimensions should be taken from the receiver 
assembly. This approach will take in any errors in 

Panel Wooden block Panel Range knob 

53/8 °x 11/2" I x 1/2`x1/2* 53/8"x 11/4" 

Receiver 
slides in 

here 

Control i 
knobs 

Speaker 
panel 
83/4 °x 5 7/8° 

' 

I I 

0 0 o ii ® O O O 
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o o o o 0 0 0 

o o O o 0 0 0 

0 O o 0 0 o o 

o o o O o o o 

I 
o 0 0 0 0 0 0 

f-- 

Perspex i 

hont I /4°plywood 

S.R.Bpanel 
Base of receiver 
assembly 

Aperture for range 
knob 

Speaker panel fitted 
to this edge 

Pegboard 

53/8 "x 53/4` 

(b) 

1/4 °plywood 

Fig. 5. Details of a suitable case. The dimen- 
sions are suggested for guidance; actual 
dimensions should be taken from the receiver 

assembly as constructed 
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Another view of the interior of the receiver 

cutting out the items of Fig. 2. 
A stiff wire handle is provided, this fitting into a 

further two of the Lektrokit LK2311 brackets. A wire 
coat hanger was cut down and bent into shape for the 
prototype. An annoying rattle on loud notes was traced 
to the handle ends vibrating in the bracket holes, and 
two short lengths of insulated sleeving slipped over the 
ends of the handle soon cured this little trouble. 

As a final point, the constructor is urged to employ 

the specified components including, in particular, the 
semiconductors. The diode is very important. Ex- 
equipments 0A10's have been found perfectly 
satisfactory, and it must be remembered that these 
are very different from manufacturer's rejects. The 
ex- equipment diodes are cheaper than new 
specimens. Also, new transistors with the proper 
manufacturer's type numbers should be employed 
and not re- brands. 

(Concluded) 

Use the NEW 
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PANEL SIGNS 
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In your 
worksho 

This month Dick and 
Smithy take a look at some 
basic aspects of the J -K 
flip -flop. In the process, 
Smithy is able to 
demonstrate to his assis- 
tant the functioning of his 
latest creation: his Binary 

Gambling Device. 

The sun had shone down serenely all 
through the day and now, as this warm 
June afternoon sauntered on towards 
its close, it illuminated the Workshop 
from an angle well below its zenith. Its 
rays penetrated the somewhat grubby 
Workshop windows and created well - 
defined slanting shafts of light inside, 
the borders of which were outlined by 
lazily eddying motes of dust which 
became radiant on entering the il- 
lumination or invisible as they passed 
into the relative darkness outside. 

The soporific atmosphere had taken 
hold of Smithy, and the Serviceman 
proceeded leisurely about his tasks. 
Happilly, all the sets he dealt with 
augmented the sensation of suspended 
association with the harder facts of 
life, and they presented faults which 
were routine in locatiotr and simple in 
remedy. Smithy's mind wandered 
back to a long-ago pre -war Workshop 
in which one of his duties had con- 
sisted of the wiring in series of several 
dozen 2 volt accumulators so that they 
could be placed on charge subse- 
quently to be distributed amongst the 
households of the neighbourhood 
where they kept alight the filaments of 
venerable valves as the HL2 and the 
PM2DX. 

The mood of somnolence had also 
affected Smithy's assistant Dick, and 
this was similarly nurtured by sets 
which obligingly required little art in 
diagnosis or skill in rectification of 
their ills. Dick's thoughts wandered 
not towards the past but towards the 
future, and he conjured up fantasies of 
radio wrist -watches whose timing was 
controlled by a central transmitter, 
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holograph television receivers offering 
3- dimensional images, and instant 
communication equipment which was, 
at last, taking electronic advantage of 
the principles of e.s.p. 

Thus, dreamily, the pair wandered 
around within the Workshop. The 
number of sets on the 'Repaired' rack 
increased steadily, whilst the quantity 
on the 'For Repair' rack diminished. 
Eventually, there were no sets for repair at all. 

J -K FLIP -FLOP 
"Well," said Smithy contentedly, as 

he stretched luxuriantly before settling 
down comfortably on his stool, "this 
has been one of the most pleasant days 
I've known for ages." 

Dick, perched on the edge of his 
bench, nodded in agreement. 

"It has," he stated, "been just about 
right. No rush, no awkward snags and 
everything cleared up in good time. 
We've still got quarter of an hour to go 
before packing -up time." 

"Have we ?" queried Smithy. "Then 
that's just what I need." 

"How come ?" 
"It will give me time to show off my 

latest gadget," replied Smithy. "I put 
the finishing touches to it at home last 
night." 

The Serviceman leaned over and 
opened a cupboard under his bench. 
Reaching inside he drew out a small 
plastic case, on the front panel of 
which were mounted a toggle switch, a 
press- button and two small light - 
emitting diodes fitted in panel - 
mounting bushes (Fig. 1.) 

Toggle 
switch 

Light -emitting diodes 

U O 

Press- 
-button 

Fig. 1. The front panel of 
Smithy's Binary Gambling 
Device. The case may be of 
metal or plastic with 
suitable dimensions for the 

components and battery 

Intrigued, Dick eased himself off his 
bench and walked over to the Ser- 
viceman. 

"Hello," he remarked curiously. 
"What have you got there ?" 

"This," stated Smithy proudly, "is 
my Binary Gambling Device." 

"What's it do ?" 
"Nothing very complicated," 

chuckled Smithy. "Actually all it does 
is offer an electronic equivalent to the 
process of tossing a coin. As you can 
see, there are two l.e.d.'s on the front 
panel, and I've labelled one '0' and the 
other '1'. If the unit is switched on, both the 1.e.d.'s glow at the same 
brilliance. When you press the button 
one l.e.d. goes out and the other stays 
on, glowing more brightly. The selec- 
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tion of which 1.e.d. remains on is com- 
pletely random, and it cannot be in- 
fluenced by the person pressing the 
button." 

"I see," said Dick, interested. "I 
seem to recall seeing similar gubbinses 
described before in home -constructor 
mags." 

"You will have," confirmed Smithy. 
"Quite a few designs for selecting one 
of two lamps or l.e.d.'s on pressing a 
button have cropped up in the past. So 
far as I know, the unit I've got here 
employs a new approach, since the 
random selection of the lit 1.e.d. is 
achieved with the aid of a t.t.l. in- 
tegrated circuit. However, the princi- 
ple is very simple and I certainly 
wouldn't claim that it breaks new 
ground. On the other hand, the gadget 
is so easy to make up that it represents 
quite an attractive little electronic 
plaything." 

How does it work ?" 
"It has a 555 timer which is wired 

up as a multivibrator running at an 
audio frequency," replied Smithy. 
"The 555 output is then coupled to a J- 
K flip -flop, and the two l.e.d.'s are fed 
from the flip -flop Q and not -Q out- 
puts." 

Dick sighed. 
I should have known better than to 

ask," he complained wearily. "All day 
long I've been doing nothing more 
complicated than replace capacitors 
that are obviously broken down, 
replace resistors that are obviously 
burnt out and repair connections 
which have obviously come adrift. My 
brain has been ticking over comfor- 
tably just several degrees above 
oblivion level, and you've now con- 
fronted it with J -K fli-flops and with 
Q and not -Q outputs." 

AC 127 

Lead -outs 

A 
Co, 

TIL 209 
Lead -outs 

1 

2 

4 5 

555 
Top view 

"Not to worry," returned Smithy 
soothingly. "The J -K flip -flop is used 
for an application which is a lot 
simpler than would be given if it were 
installed in a computer, and the Q and 
not -Q business is just part of normal 
Computer jargon. Anyway, here's the 
circuit of the complete device." 

Smithy reached into the cupboard 
again and produced a sheet of paper on 
which a circuit had been neatly drawn 
out. He placed it on the bench in front 
of his assistant. (Fig. 2.) 

STABILIZING CIRCUIT 
Dick stared closely at the circuit. 
"Well," he remarked, "there's one 

bit I can recognise, and that's the zener 
diode stabilizing circuit on the right." 

"There's nothing complicated 
there," stated Smithy. "The J -K flip - 
flop is a 7470, and integrated circuits 
in the 74 logic series require a stabiliz- 
ed supply voltage which lies between 
4.75 and 5.25 volts. The zener diode 
has a nominal voltage of 5.1 volts and, 
since the transistor is a germanium 
type, about 5 volts appears at its 
emitter. The transistor acts as an 
emitter follower, of course." 

"That transistor," said Dick 
critically, "is an AC127, which is a 
small power type. Do you need a power 
transistor because the integrated cir- 
cuits draw a high supply current ?" 

"Not really," replied Smithy. "The 
current drawn from the emitter of the 
AC127 when the device is running is 
about 25mA only." 

"Then why use a power transistor ?" 
"Because," said Smithy, "there's 

rather a large surge current at switch - 
on, due to the 100µF bypass capacitor 
following the transistor emitter. 

R1 -R7 1/4 watt 10 % 

Immediately after closing the on -off 
switch the base of the transistor is 
biased on by way of R7. The emitter of 
the transistor connects to the discharg- 
ed 100µF capacitor, and this will in- 
itiallÿ act virtually as a dead short. In 
consequence, a brief but high surge 
current could momentarily flow from 
the 9 volt positive line through the 
collector and emitter of the transistor 
to the discharged capacitor. In the pre- 
sent circuit, the initial surge current is 
limited to about 330mA by the 
presence of R6 in the transistor collec- 
tor circuit, and this is comfortably 
within the maximum collector current 
rating of 500mA for the AC127. The 
surge current flows for an extremely 
short period of time after switch -on, 
but its surge currents of this nature 
which cause transistors to unexpected- 
ly go pop. After the 100pF capacitor 
has charged to its full voltage the 
current flowing in the 27 A resistor is 
the 25mA drawn by the integrated cir- 
cuits and the voltage dropped across it 
is around 0.7 volt only. The total 
current drawn from the 9 volt battery 
is then about 29mA." 

"Couldn't you," asked Dick, "have 
used a silicon transitor instead of a 
germanium one ?" 

"I could have done," admitted 
Smithy, "provided I chose one with a 
reasonably high maximum collector 
current rating. The BFY50, with a 
maximum rating of 1 amp, would have 
been suitable, for instance. The 5.1 
volt zener diode would have to be 
replaced by one rated at 5.6 volts, 
because there would then be a voltage 
drop of around 0.6 volt between the 
base and emitter of the silicon tran- 
sistor. Okay ?" 
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"Yes ", replied Dick. "That seems to 
have got the stabilized supply all but- 
toned up. Let's move on to the 555 
timer." 

"Well," said Smithy, "there's 
nothing startling about the 555 circuit 
either, because it's used in quite a 
standard multivibrator arrangement. 
The 555 can operate at supply voltages 
between 4.5 and 16 volts, and so it 
works quite happily at the 5 volts 
which is available for it here. After. 
switch -on, Cl commences to charge 
via R1 and R2 until the voltage across 
it reaches two-thirds of the supply 
voltage. This voltage triggers the inter- 
nal comparator connected to pin 6, 
whereupon pin 7 is taken down close to 
chassis potential and Cl discharges via 
R2 on its own. When the voltage across 
Cl reaches one -third of supply poten- 
tial a second internal comparator, con- 
nected to pin 2, comes into play and 
causes pin 7 to become open again. 
The capacitor then charges once more 
via Rl and R2 until the voltage across 
it reaches two -thirds of supply voltage. 
At this point it starts to discharge 
again via R2 on its own, and so the 
cycles proceed. The output at pin 3 is 
at a high positive state when the 
capacitor is charging and it is at a 
low state when the capacitor 
is discharging. If the output currents 
are low, as occures in my circuit, 
the output voltage at pin 3 is 
about 1.2 volts below the positive 
supply rail when it's high, and is about 
0.25 volts above the negative supply 
rail when it's low." 

"If," said Dick thoughtfully, "the 
output at pin 3 is high when Cl 
charges via R1 and R2 and is low when 
Cl discharges into R2 on its own, the 
period of time in the cycle when the 
output is high will be longer than the 
period when it is low." 

"That's true," confirmed Smithy. 
"The output at pin 3 is not a true 50:50 
square wave, but this doesn't matter. 
All we require here are negative -going 
waveform edges which are spaced out 
at equal intervals of time, and the 555 
definitely gives us these. The frequen- 
cy at which it oscillates, incidentally, 
is approximately 1kHz." 

PRESS -BUTTON 
"Well," said Dick brightly, "things 

look nice and easy so far. The trouble 
is that we now come on to this dratted 
J -K flip -flop thing." 

"Don't trouble ;yourself too much 
over the flip -flop, grinned Smithy. 
"we aren't going to do anything very 
complicated with it and, in fact, we 
shan't -even be using it anywhere near 
its full capability. As we already know, 
we have an output waveform with 
regularly spaced negative -going pulse 
edges at pin 3 of the 555 oscillator. 
This waveform is applied, via the nor- 
mally closed push- button Si, to pin 12 
of the 7470. Pin 12 is its clock input." 

"Blimey," said Dick desperately, "a 
cluck input, now! How the heck do 
clocks come into it ?" 

"Digital computers," stated Smithy, 
"have a continuously running pulse 
generator which is referred to as the 
clock. The devices in the computer " 

which carry out arithmetic functions, 
such as a J -K flip -flop, are all coupled 
to the clock, with the result that they 
all move to the next logic function at 
the appropriate part of each clock 
pulse. Usually, this is at the negative- 
going edge of the clock pulse. In con- 
sequence, the whole calculating part of 
the computer moves from one step to 
the next at the frequency of the clock. 
The speed of the computer is, in fact, 
governed by clock frequency. And, for 
our present purposes, that's all you 
need to know about the clock." 

"Just that ?" 
"Just that," confirmed Smithy. 

"Now, a basic J -K flip -flop has two in- 
puts which are called input J and in- 
put K. It also has an output which is 
referred to as output Q, and another 
output which is known as not -Q, and 
which is represented by the letter Q 
with a bar drawn above it to indicate 
'not'," (Fig. 3.) 

J 
J -K 

Flip -flop 

Clock 

INPUTS OUTPUTS 

Fig. 3. A simple J -K flip -flop 

O 

5 

"This 'not' business raises no dif- 
ficulties," said Dick confidently. 
"We've bumped into it on quite a few 
occasions in the past." 

"Good," said Smithy. "Since we are 
now entering t.t.1. -land, which is the 
natural habitat of integrated circuits 
in the 74 series, we have to start using 
a little t.t.l. language. To start off with, 
all the devices in the 74 series work 
with what is known as 'positive logic'. 
With this, we state that an output or an 
input which is at a high positive 
voltage with respect to earth or ground 
is at logical 1, and that an output or an 
input which is at a low positive poten- 
tial is at logical O. We can apply these 
terms to the output at pin 3 of the 555 
oscillator. When this output is high it's 
at logical 1, and when it's low it's at 
logical O. All right ?" 

"Yes, sure," replied Dick cheerily. 
"And, of course, we can't have any 
numbers other than i and 0 because 
t.t.l. devices work in binary notation, 
in which the only numbers are 1 and 
O." 

"You've got it," said Smithy ap- 
provingly. "Now that basic J -K flip - 
flop I mentioned a few moments ago 
has two outputs, Q and not -Q. It 
follows from what I've just said that 
when output Q is at 1, output not -Q is 
at O. Similarly, when output Q is at 0, 
output not -Q is at 1. All this produc- 
tion of output voltages is, of course, 
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carried out by the transistors inside 
the flip -flop, these being connected 
together in a fairly complex manner." 

"I think," said Dick hastily, "we'd 
better leave the internal circuitry of 
the flip -flop for another time." 

"Such as when ?" 
"Oh, around 1996!" 
"Fair enough," chuckled Smithy. 

"We'll keep to simple considerations 
for the time being and take the flip - 
flop internal circuitry for granted. I'm 
now going to draw up a truth table for 
the J -K flip- flop." 

He took a ball -point pen from his 
pocket and started to draw the truth 
table alongside the circuit diagram on 
the piece of paper. 

"There's a slightly indigestible bit 
coming now," he warned. "However, it 
won't be too difficult if ou forget 
about the not -Q output for the moment 
and just think about the Q output." 

TRUTH TABLE 
Smithy completed the table and put 

his pen back in his pocket. (Fig. 4.) 
"That truth table looks a bit 

different from the ones I've seen in the 
past," said Dick suspiciously. "For a 
start it's got two lots of headings for the 
columns. 

"Ah yes," replied Smithy. "Well 
now, the first two columns apply to the 
states of J and K at any instant of time 
between the actuating downward - 
going edges of two clock pulses. This 
instant is referred to as Tn. The third 
column covers the state of Q at a time 
Tn +1. This is the time period after 
one clock pulse actuating edge has 
been applied to the flip -flop." 

"Keep at it, Smithy," said Dick. 
"You haven't lost me yet!" 

"Right,' said Smithy briskly. "The 
top line in the table applies to the in- 
stance where both J and K are O. After 
the actuating clock pulse edge the 
value of Q, in the third column, is Qn. 
This means that Q, at Tn +1, is the 
same as it was at Tn. If it was 1 before 
the clock pulse actuating edge it is 1 

after the actuating edge. Similarly, if it 
was O before the actuating edge it is 0 
after the actuating edge. With J and K 
at zero, the clock pulse has no effect on 
the state of Q." 

"Okeydoke," said Dick, frowning. 
"Let's carry on to the second line." 

"In the second line," continued 

Tn Tn + I 

J K Q 

O O Qn 

I O I 

O I O 

I I On 

Fig. 4. Truth table for the 
J -K flip -flop. 
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Smithy, "J is 1 and K is O. After the 
clock pulse Q is also 1, regardless of 
whether it was 1 or 0 before. Moving 
on to the third line we have J at 0 and 
K at 1. Q then becomes 0 after the 
clock pulse, irrespective of what value 
it had before. We can sum up the se- 
cond and third lines by saying that, 
when J and K are in opposite states 
the value of Q after the actuating edge 
of the clock pulse is always equal to 
the value of J." 

"Fair enough," said Dick, "I've ab- 
sorbed that bit, too." 

"We now come to the fourth line ", 
stated Smithy. "Here, both J and K 
are 1 whereupon, after the clock pulse, 
the output at Q is not -Qn." 

"Look," pronounced Dick. "We stop 
right here! What do you mean, the out- 
put at Q is not -qn ?" 

In the first line," said Smithy in 
reply, "the value of Q was Qn after the 
clock pulse. In the fourth line, the 
value of Qbis not -Qn. This means that 
if Q was 1 efore the clock pulse edge it 
changes to 0 after the clock pulse edge. 
And if it was O before the clock pulse 
edge it changes to 1 after the pulse 
edge." 

"Now, let's think about this for a 
moment," said Dick reflectively. "If 
we keep both the J and the K inputs at 
1, and the Q output is also 1, the Q out- 
put will change from 1 to 0 after one 
clock pulse edge, from 0 to 1 after the 
next clock pulse edge, from 1 back to 0 
after the following pulse edge, and so 
on." 

"That's exactly right," confirmed 
Smithy. "And we can next return to 
the circuit of this gadget of mine 
because, in this, both the J and K in- 
puts of the flip -flop are effectively at 
logical 1. We can achieve this by simp- 
ly connecting the J and K inputs to the 
5 volt positive supply rail. If, now, 
we feed a train of pulses into the clock 
input of the flip -flop, output Q will alter- 
nate from O to 1 and back again with 
each pulse. Output Q of the flip -flop 
couples via R4 and LED1 to the 
positive rail, with the result that LED1 
lights up whenever the Q output is low 
or is at O, and extinguishes whenever 
the 

Q 
output is high or is at 1." (Fig. 5.) 
osh," breathed Dick. "This is 

beginning to get clearer all the time." 
"I said just now," remarked 

Smithy, "that you should forget the 
not -Q output for a bit. We can now 
bring it back into the discussion by poin- 
ting out that, in my circuit, it couples 
to the positive rail via a second 
resistor, R5, and a second l.e.d., 
LED2. So, when LED1 is alight, LED2 
is extinguished. Conversely, when 
LED1 is out, LED2 is alight." 

Smithy stopped and gazed expec- 
tantly at his assistant. 

"I've got the whole picture now," 
stated Dick. "Yod first of all switch on 
the gadget at S2 whereupon the 555 i.c. 
starts oscillating at around 1klz. The 
1kHz output from the 555 is applied to 
the clock input of the 7470, and it 
causes LEDI to light up during one cy- 
cle and LED2 to light up during the 
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following cycle. The l.e.d.'s are turned 
on and off so quickly that they seem to 
be continually illuminated. If, now, 
switch Si is pressed, the switching 
waveform is disconnected from the 
clock input of the 7470, and it then 
stays in the state it was in at the ins- 
tant of breaking the connection." 

"You've got it," affirmed Smithy. 
"The breaking of the connection at Si 
can occur when either LEDs or LED2 
is alight, and this is a purely random 
matter as it is impossible to select the 
exact instant when either is on. In con- 
sequence, pressing the button causes 
either LEjD1 or LED2 to remain alight 
in truly random fashion. Whichever 
1.e.d. lights up, it glows with a higher 
intensity than before because it has 
current applied to it continually in- 
stead of for half the time." 

+5V stab 

LED2 

R5 

Fig. 5. LED1 is illuminated 
when the output at. pin 8 of 
IC2 is low, and LED2 lights 
up when the output at pin 6 

is low 

FURTHER POINTS 
"This is really something," stated 

Dick enthusiastically, as he looked 
once more at the circuit of Smithy's 
device. "Hey, wait a minute, though!" 

"What's up ?" 
"Things aren't quite as simple as 

you've made out," said Dick accusing- 
ly. "For instance, what's that lktl 
resistor doing between the clock input 
and the 5 volt positive rail ?" 

"That's merely to hold the clock in- 
put firmly at 1 after you've pressed 
S1," explained Smithy. "The resistor 
is quite possibly not necessary, but I 
added it just to be on the safe side. Its 
value is not at all critical and it has no 
effect on circuit operation when the 
press- button is closed." 

"Fair enough," commented Dick 
slowly. "There's something else that's 
worrying me, too. You said just now 
that all we had to do was to connect the 
J and K in Puts to the positive rail. So 
far as I can see this merely means con- 
necting three pins to the positive rail, 
two for J and K and one for the 
positive supply. You've got no less 
than five pins connecting to positive. 
Come to think of it, you s e got three 
pins connecting to negative, too." 

"I wondered how long it would be 

before you noticed that," grinned 
Smithy.. "Let's see if I can find a data 
sheet for the 7470, and show you what 
is actually given in this integrated cir- 
cuit." 

Smithy hunted through his papers 
and eventually found the sheet he re- 
quired. He put it down on his bench 
and pointed to a diagram illustrating 
the 7470 in its 14 pin d.i.l. package 
(Fig. 6.) 

"The practical J -K flip -flops you 
bump into," he went on, "don't have a 
single J and a single K input, as in the 
simple version I described to you. Nor- 
mally, they have two or three J and K 
inputs going into an AND gate before 
they hit the flip -flop circuitry. When 
this happens you have to tie all the J 
and all the K inputs to the positive rail 
to give you the situation where J and K 
are at 1. If you look at this pinning 
diagram for the 7470 you'll see that 
pins 3 and 4 are labelled Jl and J2 and 
both go to an AND gate. Similarly Kl 
and K2, at pins 10 and 11, go to 
another AND gate. So, as a kick -off, 
we have to connect pins 3, 4, 10 and 11 
to the positive rail, as well as the 
positive supply point at pin 14." 

"That doesn't clear up all the J and 
K connections,' said Dick. "There are 
two,pins, 5 and 9, which are marked as 
J and K with an asterisk." 

"Those inputs are peculiar to the 
7470," stated Smithy. What happens 
here is that pin 5 goes to the J AND 
gate via an inverter, and that pin 9 
goes to the K AND gate via another in- 
verter. So these two pins have to be 
connected to the negatiue rail to ensure 
that all inputs of the two AND gates 
are at logical 1." 

"Blimey," said Dick. "Well, that 
sounds a bit complicated at first, but I 
must admit it makes sense when I 
think about it. Hell's teeth, there's 
something else, too! There's one pin 
marked 'Preset' and another marked 
'Clear'. We haven't even talked about 
these yet." 

"I know we haven't," replied 
Smithy. "Those two pins enable 
further logic functions to be carried 
out with the flip -flop. Fortunately, we 
don't need to use them for the present 
application. In consequence we simply 
ignore them and make no connections 
to the pins." 

"Suits me," said Dick cheerfully. "I 
think I've taken in enough gen on the 
J -K flip -flop for one session. Let's ti'y 
out this gadget of yours, Smithy." 

"Righty -ho," said Smithy obliging- 
ly. 

He picked up the little plastic box, 
placed it in front of his assistant and 
switched it on. At once the two l.e.d.'s 
glowed. 

RANDOM OPERATION 
Dick leaned forward and pushed the 

press- button. The l.e.d. marked '0' 
glowed on its own. Dick released the 
press- button and pushed it again. 
Once more the l.e.d. marked '0' lit up. 
Dick took his finger off the button then 
made a further attempt. For the third 
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Fig. 6. 3 lock diagram illustrating the pin connections and internal 
circuitry of the 7470 J -K flip -flop 

time the '0' 1.e.d. came alight. 
"Hey," he said critically, "this 

device is a bit one -sided, isn't it ?" 
"Don't worry about it," advised 

Smithy. "You often get runs like that 
in random 2 -way devices. Don't forget 
that, even if the '0' light has lit up for 
as much as six successive times, the 
chances of it lighting up on the seventh 
time are still 50:50. If you want to 
check a gadget like this for bias you 
have to operate it for something like 
several hundred times, keeping a score 
for each l.e.d. After this number of 
operations the scores for the two 
l.e.d.'s should be roughly equal if 
there's no bias towards one." 

Tentatively, Dick pushed the press - 
button once more. This time the '1' 
1.e.d. came alight. 

"Hey," he chuckled, "this is fun. 
Here, I'll bet you two pence that the 
next time it will be the '0' 1.e.d." 

"You're on," said Smithy, digging 
into his pocket. 

And, such is the lure of gambling for 
even the most moderate of men that 
the June sun, already fairly low in the 
heavens when we joined our intrepid 
wanderers along the boundless 
avenues of electronics, had almost 
completely set as we leave them after 
they had decided to call it a day and 
were counting their gains or losses. 
And such was the random nature of 
Smithy's Binary Gambling Device 
that they were both surprised to find 
that they had each ended with exactly 
the same amount of money as they had 
when they started. U 
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ZENER- TRA NSIS TOR 
CIRCUITS 

By F. T. Jones 

A minor variation on a familiar theme 

We frequently encounter the simple power supply 
voltage stabilizing circuit shown in Fig. 1. A relatively 
constant voltage appears across the zener diode and is 
applied to the emitter follower, TRI. The stabilized 
voltage at TR1 emitter is 'equal to the zener voltage 
less the base -emitter voltage drop in the transistor. If 
this is a silicon device the voltage drop is around 0.6 to 
0.7 volt, and we shall refer to it here as 0.65 volt. 

The circuit of Fig. 1 has the advantage that most of 
the supply current passes through the transistor. The 
current drawn from the zener diode circuit is then the 
much smaller base current required by the transistor. 

Unstabilized 
input 

7D1 

1 

TRI 

Stabilized 
output 

Fig. 1. A simple transistor aided zener diode 
voltage stabilizing circuit 

DARLINGTON PAIR 
If the supply current is high, or if it is required that 

the current pass device has a high gain (whereupon 
current demand from the zener diode circuit is further 
reduced) it is common practice to add a second tran- 
sistor, TR2, to form a Darlington pair as in Fig. 2. The 
base current drawn by TR1 is now approximately 
equal to the supply current divided by the product of 
the gains of the two transistors. TR2 passes most of 
the supply current and will normally be a power tran- 
sistor. 

The circuit offers sufficiently good voltage 

Unstabilized 
input 

TR2 

Stabilized 
output 

Fig. 2. A second transistor may be added if the 
supply current is high 
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Fig. 3. An alternative circuit incorporating two 
transistors 

stabilization for a number of applications, although it 
may be found that the voltage drop from the base of 
TM to the emitter of TR2 reduces noticeably at very 
low supply currents. If both transistors are silicon 
types the voltage drop, at normal supply currents, also 
becomes rather large, being twice 0.65 volt, or 1.3 
volts. Such a voltage drop can be an embarrassment if 
it is required that the stabilized output voltage be 
close to the unstabilized input voltage, since the series 
resistor for the zener diode, R1, then requires a 
relatively low value. Zener current may consequently 
vary by an undesirably large amount for shifts in un- 
stabilized input voltage. 

A small but useful improvement is given by the cir- 
cuit of Fig. 3, in which TR2 still passes most of the 
suppply current. The emitter and collector currents in 
TRl are virtually equal, and the collector current of 
TR1 is the base current of TR2. As a result, the 

Unstabdized 

input 

Stabilized 

output 

emitter current of TR1 is equal to the base current 
required by TR2 to maintain TR1 emitter (assuming 
a silicon transistor) at 0.65 volt below the zener 
voltage. Again, the current drawn from the zener 
diode circuit is approximately equal to the supply 
current divided by the product of the two transistor 
gains, and TR2 may once more be a power device. 

The circuit of Fig. 3 has the advantage that, with 
silicon transistors, the stabilized voltage is only 0.65 
volt, instead of 1.3 volts, lower than zener voltage. As 
with Fig. 2, the voltage drop in the single base -emitter 
junction of TRI falls somewhat at very low supply 
currents, but the effect should be of a lower order. 

The circuit of Fig. 3 can, of course, be used in a 
stabilizing circuit where the upper supply rail is 
negative. For this application the polarities of the 
zener diode and the two transistors are all reversed. 

CAN ANYONE HELP? 
Requests for information are inserted in this feature free of charge, subject to space being 
available. Users of this service undertake to acknowledge all letters, etc., received and to reim- 

burse all reasonable expenses incurred by correspondents. Circuits, manuals, service sheets, 
etc., lent by readers must be returned in good condition within a reasonable period of time. 

H.R.O. National Receiver - R. Biles, Brisbane 
Cottage, Roundhatn, Crewkerne, Somerset. - Any infor- 
mation, data or diagrams for Bandspread Coils. 

Texas Audio I.C.' - M. J. Turner, 40A The Drive, . 

Roundhay, Leeds, LS8 1JH - Audio Amplifier circuit 
diagram wanted employing a Texas Instruments 
SW76013N audio i.c. To borrow. 

Ex Military Waveform Generator 51 (Part of test 
set 302) - S. R. Boyle, 14 Bridgwood, Brookside, 
Telford, Salop TF3 1LX. - Any information, circuit 
diagram, manufucturer's handbook etc., - to borrow or 
purchase. 

National, Model T -85A 3 -Band 8 Transistor - J. 
Cox, Martinstown, Curraglt, Co. Kildare, Ireland - cir- 
cuit diagram and address of the manufacturers Mat - 
suhita Electric Industrial of Japan, wanted. 

Guitar Effects Units - M. Rollinson, 3 Ledbury 
Close, Birmingham B16 8RR - Circuit plans or any in- 
formation, to borrow or purchase. 

Radiomobile 104 Car Radio /8 Track Cartridge 
Player - R. J. Harris, 2 Manor Avenue, Great Wyrley, 
Walsall, WS6 6NS. - Service data, to borrow or 
purchase. 
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705 

www.americanradiohistory.com

www.americanradiohistory.com


TV 
FAULT FINDING 
MANUAL for 
405/625 LINES 

fA44trf_ ;P 

)f _RI ., 
6 isiiid 

3.,megm 

90p 
P. & P. 17p 

REVISED & ENLARGED 

EDITED BY J. R. DAVIES 

132 pages 
Over 100 illustrations, including 60 photographs 
of a television screen after the appropriate faults 
have been deliberately introduced. 

Comprehensive Fault Finding Guide cross - 

referenced to methods of fault rectification des- 
cribed at greater length in the text. 

UNDERSTANDING 
TELEVISION 

i 

by 

J. R. DAVIES 

Over 500 pages 
300 diagrams 

£3.25 
P. & P. 50p 

UNDERSTANDING TELEVISION deals with: 
Principles of 405 line reception 
Principles of 625 line reception 
Nature of the television signal 
Receiver tuner units 
A.F. and video amplifiers 
Deflector coil assemblies 
Automatic gain and contrast control 
Receiver aerials 
The cathode ray tube 
Receiver i.f. amplifiers 
Vertical and horizontal timebases 
Synchronising 
Power supply circuits 
Colour television 
COLOUR TELEVISION -80 page 
comprehensive introduction to 
the subject 

The reader is required to have only a basic 
knowledge of elementary radio principles. The 
treatment is non - mathematical throughout, and 
there is no necessity for any previous experience 
in television whatsoever. At the same time 
UNDERSTANDING TELEVISION is of equal value 
to the established engineer because of the very 
extensive range it covers and the factual inform- 
ation it provides. 

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

Please supply the 4th revised edition of TV FAULT FINDING, Data Book No. 5 

Please supply UNDERSTANDING TELEVISION, Data Book No. 17 

I enclose cheque /crossed postal order for (Tick which book is required) 

NAME 

ADDRESS 

' ,LOCK LETTERS PLEASE) 
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SMALL ADVERTISEMENTS 
Rats: Bp per word. Minimum charge £1.00 

lox No. 20p extra 

Advertisements must be prepaid and all copy must 
be received by the 4th of the month for insertion in 
the following month's issue. The Publishers can- 
not be held liable in any way for printing errors or 
omissions, nor can they accept responsiblity for 
the bona fides of Advertisers. (Replies to Box 
Numbers should be addressed to: Box No. -, 
Radio and Electronics Constructor, 57 Maida 

Vale, London, W9 1SN. 

WANTED TO PURCHASE: large and small quantities of 
transistors, diodes, I.C.s, etc. Immediate requirement for 
10,000 BC109 transistors. Send samples /lists of any sur - 
plus components. Elekon Enterprises, 224a St. Paul's 
Road, Highbury Corner, London Nl 2LJ. Telephone: 
01 -359 4224. 

VINTAGE WIRELESS: For:- valves, circuits, corn - 
ponents, receivers, books, magazines, repairs and nostalgia 
in radio 1920 to 1950, contact Tudor Rees (Vintage Ser- 
vices). Send s.a.e. for newsheet or 5011 for full 1976 
catalogue. 64 Broad Street, Staple Hill, Bristol, BS16 5NL. 
Telephone: 0272 565472. 

SERVICE SHEETS for Radios /TV's etc. 50p and s.a.e. 
Catalogue 20p and s.a.e. Hamilton Radio, 47 Bohemia 
Road, St. Leonards -on -Sea, Sussex. 

WANTED TO PURCHASE: All early books on radid, 
preferably before 1925. Box No. 282. 

ORCHARD ELECTRONICS. I.C.'e, TTL, C /Mos, linear, 
capacitors, resistors (E12), Sil. /rectifiers, diodes, LED's, 
Thyristors, zeners, voltage reg. sil. sockets, bridge rec- 
tifiers, potentiometers, presets, triacs, diac, plugs, 
sockets, cable( Vero. Carefully selected range excellent 
despatch service. Same day turn round. S.A.É. for list. 
Orchard Electronics, Flint House, High Street, 
Wallingford, Oxon. Telephone: 0491 -35529. 

METAL BOXES /INSTRUMENT CASES. Range of over 
100 standard sizes with punched holes to your specifica- 
tion if required. B.M.S. cut to size. Components. Audio 
equipment, kits and complete. 2 x 6 p stamps for lists. 
Nottingham Audio Services, 13/ 15 Foxhall Road, Not- 
tingham, NG7 6NA. 

VACUUM .FORMING MACHINES. Mfg. to retail at 
E30 +. My price £12.50 plus 75p post & packing. S.A.E. for 
particulars. Wm. Bonner, 10 Quandon House, Sutton 
Way, London W.10. 

VALVES, RADIO, TV, Transmitting, Industrial. 1930 to 
1976. 2,500 types. Many obsolete. List 20p. S.A.E. for 
quotation. We wish to buy all types of new and boxed 
valves. Wholesalers, dealers, etc., stocks purchased. Cox 
Radio (Sussex) Ltd., The Parade, East Wittering, Sussex. 
Telephone: West. Wittering 2023. 

FOR SALE: Capacitors, 4mfd, 2000V d.c. wkg., '2; 4mfd, 
1000V d.c. wkg., £1.50; 8mfd, 600V d.c. wkg., 'tl; 5mfd, 
3000V d.c. wkg., El; 0.2bmfd, 1200V d.c. 1h kg., 50p; 
0.lmfd 10í0V d.c. wkg., 35p. Valves: 801, 50p; CV345, 
25p; 6B4G, 25p; HP4106, 25p; PM2DX, 15p; VR91, 
20p; Woden Mic. Trans. M.T.101, £1. Rotary con- 
verter, A.M. 10KB /21, 12V d.c., 3.9 amps in, 480V d.c., 
0.04 amps out, El plus postage. Heavy duty Tannoy hand 
microphone, £3. Box. No. G299. 

(Continued on page 708) 
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REVOR OPTICAL & 
TECHNICAL 

12/13 HENRIETTA ST., 
LONDON W.C.2 

Tel. 01 -836 4536 

4" dia. lens 

£8.50 
POST 
FREE 

FLEXIBLE 
MAGNIFIER 

WITH CAST IRON BASE, 

PRECISION GROUND AND 

POLISHED LENS, CHROME PLATED 

FRAME AND FLEXIBLE TUBE. 

IDEAL FOR HOBBIES, AND 

DETAILED WORK WHICH REQUIRES 

BOTH HANDS FREE. 

CALLERS WELCOME 
(Subject to price ruling at the time of Issue) 

ENGINEERS 

YOURSELF FOR A 

BETTER JOB N'ITH MORE PAY! 
Do ou wantpromotion, a b p etter job, higher This helpful guide to success should be ad 

Gay. "New Opportunities shows you how by every ambitious engineer. 
to get them through our low-coat home study Send for this helpful 44 -page FREE book 
course. There are no books to buy and you now. No obliption and nobody will call on 
an pay -as -you- (earn. you. It could be the beet thing you ever did. 

INmum CUT OUT THIS COUPON 8.8ß:g 
ÑÓS> CHOOSE A BRAND NEW FUTURE HERE! 
G_ Tick or state sut/eot of interest. osi to the address telou . ' -/ Motor Mechanic Inst. king. & Teche U' 

C & G Motor V Meche Maintnce Eng. 

Prac. Radio & Electrons Gen. Auto Eng. Welding o 
(with kit) A.M.LM.1 Computer Prog II 

Electronic Eng. Cert. Air Regn. Rrd. Cella- 1ní. of Co., - Manage - 
Gen. Elec. Eng. Cert. M.A.A. /I.M.I. Dip. ment Accts. 
C & G. Elect. Install. Heat, Ventilating & An Gen. Uraughtamp. 
Elect. Install & Work Conditioning A.M.I.E.D. 
C & G Elect. Techa. Architectural Draughts- Elec. Draughtamp. O 

Colour TV Servicing. ..O manehip & Design - - - -.- 
C & G Telecoms. Tech- L.I.O.H. GCE 5e '0' and'A - 

nician's Cert. Carpentry & Joinery level sub)ecta over 
C & G Radio, TV & Elec. Plumbing Tech. 

I OÁl group asses tropics Mech. Cert. d Genetrgal Building gr p p 

Radio Sent Rep 
CourseO 

AM.S.I: (Mech.) Coaching for many 

IRadio Amateur's Exam Cenral tech. Eng. mufor ezamnhtiona 

To ALDERMASTON COLLEGE, Dept. THE 18, READINti RG7 4PF 
And at our London Advisory Office, 4 Fore stun 
Avenue, Moorgate, London. EC2Y'SEJ Tel. 01 -828 2721 

I 
1 

I 
I 
I 

I 
INAME (Block Capitals Please).... 

ADDRESS.. I POSTCODE other eubjecta .y K,, 

Accredited by U.A.C'.t,'. Member of A.B.(' (' 

I TRE 18 

I 

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
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PRECISION 
POLYCARBONATE CAPACITORS 

ALL HIGH STABILITY. EXTREMELY LOW LEAKAGE 
440V AC ( + -10 %) 63V DC Range + -I % + -2% + -S% 0.1pF (1 "x ") 88p 0.47pF £1.32 77p 61p 
0.22pF (1 "x ") 86p 1.0pF £1.58 91p 80p 
0.25pF (1 "x ") 92p 2.2pF £1.98 £1.32 75p 
0.47pF (1 "x ") £1.10 4.7pF £2.82 £1.88 £1.23 
0.5pF (1 x ") £1.18 6.8pF £3.48 £2.32 £1.47 
0.68pF (2 "x }) £1.25 10.0pF £4.98 £3.32 £2.01 
1.OpF (2 "x1 ) £1.37 15.OpF £7.14 £4.78 £2.88 
2.00 (2"x1 ") £1.95 22.OpF £9.88 £6.44 £3.90 

TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22, 
0.47, 1.0, 2.2, 4.7, 6.8pF at 15V/25V or 35V; 10.0pF at 16V/20V or 25V; 
22.0pF at 6V /10V or 16V; 33.0pF at 6V or 10V; 47.00 at 3V or 6V; 
100.OpF at 3V. ALL AT 12p EACH: 10 for £1.10; 50 for £6.00. 
TRANSISTORS: 
BC107/8/9 9p 8C183/183L lip BF194 12p 8FY51 20p 

BC114 12p BC184/184L 12p 8F196 13p BFY52 20p 
6C147/8)9 10p BC212/212L 12p ..BF197 13p 0071 20p 
13C157/8/9 12p BC547 12p AF178 40p 2N3055 50p 
C182/182L 11p BC558A 12p BFY50 20p 2N3702/411p 
1N914 6p; 8 for 4Sp; 18 for 90p. 1N916 8p; 6 for 4Sp; 14 for 90p. 
IS44 Sp; 11 for 59p; 26 for £1.00 IN4148 Sp; 6 for 27p; 12 for 48p. 
LOW PRICE ZENER DIODES: 400mW; Tol. +-5% at 5mA. Values 
available; 3V; 3.6V; 4.7V; 5.1V; 5.6V; 6.2V; 6.8V; 7.5V; 8.2V; 9.1V; 
10V; 11V; 12V; 13V; 13.5V; 15V; 16V; 16V; 20V; 22V; 24V; 27V; 30V. 
All at 7p each; 5 for 33p; 10 for 6Sp. SPECIAL: 100 Zeners for 16.00. 

RESISTORS: High stability low noise carbon film 5%, } W at 40 °C; {W at 70 °C. E12 series only - from 2.20 to 2.2M0 ALL AT 1p EACH ; 8p 
for 10 of any one value; 70p for 100 of any one value. SPECIAL PACK: 
10 of each value 2.20 to 2.2 /10 (730 resistors) 15.00. 

-SILICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire 
ended D027: 100 P.I.V.- 7p (4/26p); 400 P.I.V. - Bp (4/30p). 
BRIDGE RECTIFIERS: 21 Amp. 200V - 40p; 350V - 45p; 600V - SSp. 
SUBMINIATURE VERTICAL PRESETS - 0.1 W only: ALL AT Sp 
each: 500,1000, 2200, 4700, 6800 1 K, 2.2K 4.7K, 6.8K, 10K, 15K, 22K, 
47K. 100K, 220K. 680K, 1M, 2.5M, & 55. 
PLEASE ADD 8% VAT TO ALL ITEMS EXCEPT THOSE MARKED 
WITH WHICH ARE 121%. PLEASE ADD 20p POST AND 
PACKING ON ALL ORDERS. 
Send S.A.E. for lists of additional ex -stock items. Wholesale price lists 
available to bona -tide companies. ALL EXPORT ORDERS PLEASE 
ADD COST OF SEA/AIR MAIL. 

MARCO TRADING 
Dept. P1, The Old School, Edstaston, WEM, Salop. Tel: WHIXALL (Salop) 
464/5 (STD 094872) (Props: Minicost Trading Ltd.). 

MOLLARD FERRITE CORES - LA3 100 to 500 kHz, 
54p; LA5 30 to 100 kHz, 81p; LA7.e10 kHz, 81p; 
LA13 for W.W. Oscilloscope, £1.50. 
SPECIAL OFFER - Metallised Polyester Capacitors by Erie, Mullard, etc. Values include: 01/160V, 01/250V, 
015 /160V, 022/ 160V ,.033/160V,047/160V,068/160V, 
.1/160-250V, 22/160V, etc. This is a bargain not to be 
missed. 100 for £2.00. 
I N4148 SWITCHING DIODES, 10 for 30p; 50 for £1.25; 
100 for £1.50; 1,000 for £10.00 
TRANSISTORS - All branded BC147, BC148, BC149, 
BC157, BC158. BC159. BF194, BF195, BF196, BF197, 
8p each or 100 for £8.00. 

Please note all prices include UK Postage and 
appropriate VAT @ 8% or 121% 

MAIL ORDER ONLY 
XEROZA RADIO 

1 EAST STREET, BISHOP'S TAWTON, DEVON 

TA PETA LK THE CLEVER WAY TO LEARN 
TWO C60 CASSETTES ENTITLED 

'INTRODUCING TRANSISTORS' 
will be sent to you by return of post for only 

£5.44 plus 55p. VAT /P.Pkg. 
TAPETALK, P.O. BOX 99 (C), 
MILTON KEYNES MK3 5BR. 
Tel: Milton Keynes (0908) 77710 
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TREASURE HUNTERS! Construct, inexpensively, 
metal detector giving £300 performance. 10 pages, il- 
lustrated plans, £1. C. H. Lucas, 241 Upminster Road 
South, Rainham, Essex. 

THE RADIO AMATEUR INVALID & BEDFAST 
CLUB is a well established Society providing facilities for 
the physically handicaped to enjoy the hobby of Amateur 
Radio. Please become a supporter of this worthy cause. 
Details from the Hon. Secretary, Mrs. Rita Shepherd, 59 
Paintain Road, Loughborough, Leics., LEtl 3LZ. 

WANTED: PCR.3 receiver, working condition or not, but 
coils and dial glass in good' order. Box No. G309. 

150 COMPONENTS. Semiconductors, capacitors, pots, 
etc. New, used, surplus. 85p inclusive. Rix, 76 Ber Street, 
Norwich, Norfolk. 

P.S.U.'S. A.P.T. FULLY STABILIZED: Consist of 
8 0C28's, on 4 heat sinks, 20V « 10A and 10Vß 10A. 
c14.00 each. In v.g.c. and working. Price includes V.A.T. 
and postage. Can be varied ± and -10 %V. Send s.a.e. for 
latest semiconductor and component price list, to: Mr. `Q', 
29 Lawford Crescent, Yateley, Camberley, Surrey. 
Telephone: 0252 871048. 

NINE 7- SEGMENT DISPLAYS £1.50. Ex- equipment. 
In arrays of nine. Tested O.K. Pin & test data included. 
Also part working arrays £1.00. Mr. Bobker, Box No. 
G310. 

AS USED BY NASA & DEEP SEA RESEARCH. As 
seen on "Tomorrow's World ". Connect to I.F. strip or 
audio unit only. I.F. Unit £56.70. Audio Unit £42.40. 
Details s.a.e. M.Fi., 4 Sttensham Hill, Moseley, Bir- 
mingham 13. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free 
services to members including Q.S.L. Bureau, Amateur 
and Broadcast Translation, Technical and Identification 
Dept. - both Broadcast and Fixed Stations, DX Cer- 
tificates, contests and activities for the SWL and transmit- 
ting members. Monthly magazine, Monitor, containing ar- 
ticles of general interest to Broadcast and Amateur SWLs, 
Transmitter Section and League affairs, etc. League 
supplies such as badges, headed notepaper and envejopes, 
QSL cards, etc., are available at reasonable cost. Send for 
League particulars. Membership including monthly 
magazines, etc., £3.75 per annum. (U.K. and British Com- 
monwealth), overseas $10.00 or £4.00. Secretary ISWL, 1 
Grove Road, Lydney, Glos., GL15 5JE. 

FOR SALE: 25 BC107/8/9 type transistors 50p. 100 un- 
marked BZY88 50p. 25 unmarked 2W zeners 50p. Switch 
cleaner 50p. Miniature deaf -aid amplifiers £1.00. 100 
Mullard C280 capacitors 50p. 100 high wattage resistors 4 
50p. Unit for operating 1 -20W fluorescent tube from 24V 
d.c. £5.00; for 2. -30W tubes £7.50. U.S.A.F. navigation 
charts 75p. 10 mixed crystals 50p. Recording ammeter 
£17.50. Box No. G311. 

WANTED: Buy or loan coy, circuits calibrator Xtal 10, 
Heathkit TX MT -1, RX RA -1. G3FCK Qthr. Telephone: 
Newbury 40750. 

RADIO - LEARN FROM THE BEGINNING. 16 vin- 
tage circuit diagrams, receivers and transmitters with 
notes, £1.00. J. M. Allister, 58 Wavell Road, Maidenhead, 
SL6 5AD. 

(Continued on page 709) 
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SMALL ADVERTISEMENTS 
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FOR SALE: Frequency meter TS174 (similar to BC221) 20- 
280 Mc /a, mains psu, £25. Absorption wavemeters, Mar- 
coni TF975, 95kHz /100MHz, £25. STC, R502, 100kHz- 
48MHz, £20. Signal generators, Marconi TF1446, 
85kHz /25MHz, £20. TF801 A /1, 10- 300MHz, £30. TF897, 
15kHz /35MHz, £40. Advance B4 90kHz /25MHz, £20. 
Cossor 1049, Mk 3 DB scope, £25. Telequipment 620 scope 
£30. Metrovick miniscope £20. Avo 7 £14. Avo 8 £20. All in 
working order. Most have handbooks. S.A.E. enquiries. 
Carriage extra. Box No. G312. 

ELECTRONICS EXPORTER in California will purchase 
anything desired against Letter of Credit or draft. Also 
seeking rep. willing to handle electronic kits from calcula- 
tors to computers through mail order. Poltronics, One 
First Street, Los Altos, California 94022, U.S.A. 

WANTED: CW and /or SSB transmitter and exciter unit, 
with about 10 watts r.f. output on 28MHz. Suitable for 
drawing OSCAR transverter. VFO or xtal. G2UK, 21 

Romany Road, Oulton Broad, Lowestoft, Suffolk, NR32 
3PJ. 

FOR SALE: Single copies Radio Constructor June 1955 to 
October 1955 and complete set from Volume 9 No. 6, 
January 1956 onward. Also Testgear Acton valved signal 
generator, little used. Offers to Box No. G313. 

WANTED: Test cards for Mullard high speed valve tester. 
numbers above 300. Styles, 4 . Whitley Coutt, Whitley, 
Coventry, CV3 4A11. 

START YOUR OWN MAIL ORDER BUSINESS from 
home. Booklet contains full details of trade sources in the 
Far East and guide to importing. Price: 87 pence. Black 
Bird Publications, 51 Sunningdale Drive, Daventry, 
Northants. 

WANTED: Van Der Graaf generator. Telephone: 01 -863 
8604. 

PUBLICATIONS & RECEIVERS WANTED on 
microwaves, radar, radiation counters. Also publications 
for sale on these subjects. Hughes, 11 Henley Road, 
Ludlow, Salop. 

AUTOMATIC ELECTRONIC NIGHT SWITCHES. 
Mains operation. Operates dusk, releases dawn. Kit or 
assembled. Further details: telephone 0483 -35592 or s.a.e. 
to J. L. Chambers, 4 Birch Circle, Farncombe, Godalming, 
Surrey, GU7 3NR. 

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrapping, facsimile 
letters, automatic typing, copy service, campaign planning, 
design and artwork, printing and stationery. Please ask for 
price list. - The Holborn Direct Mail Company Capacity 
House, 2 -6 Rothsay Street, Tower Bridge Road, London, 
S.E.1. Telephone: 01 -407 6444. 

FOR SALE: Regulated d.c. power supply instrument type 
802 by AT YU Electronics Corp. Ltd. Is new. £16, plus 
postage. Telephone: 0785- 58831. 

(Continued on page 71 1) 
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ELECTRÖVÄUFE 
the good components service 

with a still more up -to -date catalogue 
In relatively few years, Electrovalue has risen to a position of 
pre- eminence as mail -order (and industrial) suppliers of 
semi -conductors, components, accessories, etc. There are 
wide ranges and large stocks to choose from as well as 
many worthwhile advantages to enjoy when you order from 
Electrovalue. 

CATALOGUE 8 ISSUE 2 
Second printing now ready, revised and up -dated on prices, etc. 
144 paves. New items. Opto- electronics. Diagrams of components, 
applications. I.C. circuits. etc. Post free 40p, including voucher for 
40p for spending on order over f5 list value. 

DISCOUNTS 
On all C.W.O. mail orders, except for some Items marked NETT, 

5% pC on orders list value Ap/ on orders list value 
ElO or more 10% fly or more 

FREE POST & PACKING 
On all C.W.O. mail orders in U.K. over E2 list value. If under, add 15p 
handling charge. 

PRICE STABILIZATION POLICY 
Prices are held and then reviewed over minimum periods of 3 months 
next review due July 1st. 

QUALITY GUARANTEE 
On everything in our Catalogue - No manufacturer's rejects, seconds 
or sub -standards merchandise. 

ELECTRO ALOE LTD 
All commune eons to, Secbon 8/8 28. ST. JUDE'S ROAD. ENGLEFIELD 
GREEN. EGHAM, SURREY TW20 OHB. Telephone Egham 3603, Telex 
284475. Shop hours 9 -5.30 daily, 9 -1 pm Sets. 

NORTHERN BRANCH: 880, Burmas Lene, Surname Manchester MIS 
1NA. Telephone 10611 432 4945. Shop hours Daily 9 -5.30 pm. 9 -1 pm Sam. 

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

Brochure, without obligation to 

BRITISH NATIONAL RADIO 
& ELECTRONICS SCHOOL, Dept 

PD.Box 156, Jersey, Channel Islands. 

WAA 

HEB 664 

NAME 

ADDRESS (Block cape pease) 
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andom 
ASHER UNIT TWIN BANK 6 LIGHT (less lamps) LENGTH 

14' inches UNIT 

Wired ready for USC 

Complete with three 

lOOwattcolaurednty 
hat Ilashmdepeiandom 

E S 
" Frthn9£10.35 

BC 
Fitting 

f 9.55 

Sound to Light 600 
MASTER UNIT WATER 

CHANNEL 

£30-95 
,NS vr, a< 

TYPE B 3 BANK UNIT 

B,Cing£6,90I Fitting£l.L6 

100 WATT SPOT LAMPS e.., -.. 
RED,YELLOW,GREEN 3 lamps 

BLUE, it sack f3 54 CLEAR £i 
B.C. or E.S. filier 

il PRICES IMO. OOP VAT .,a POST & RAISIN 

TYPE A SPOT (less lamp; y 

BC 
E S Frttutg £1.1£2.1z- 

TWIN BANK12LIGHT 
UNIT 

qLength 
313/4 

(less lamps) 

BC ,,ng£15'601 Fising£11 00 

Send 20 for illustrated leaflet 6 rrc. lrs 

ALBEN ENGINEERING CO. LTD.. 
DEPT RE THE CRESCENT, WORSTHORNE, 
BURNLEY LANCS. Tel Burnley 20940 

ELE CThOflI' hil 
BUILD, DISMANTLE AND REBUILD 
OVER 100 DIFFERENT PROJECTS 

AND DESIGN YOUR OWN 

CIRCUITS TOO 

Radio Receivers & Transmitters, Telephone Amplifiers, 
Time Buzzers, Battery Checkers, Computer Circuits, 
Amplifiers, Directional Transmitters, Metal Detectors, 
Continuity Testers, Electronic Birds, Guns, Metronomes, 

sirens, Roulette, etc., etc. ALL IN ONE KIT 

. educational kits of exceptional 
quality" (AUDIO mag) 

worthwhile ... good value for 
money "(EVERYDAY ELECTRONICS mag) 

Educational manuals i1cidded with each kit. No 
previous expericn ̂ e Iequired. Suitable for beginners 
and experts to,,. 

100 project kit £ 19.60 
45 project kit £ 15.60 

available too) 
25 project kit £ 12.10 

Prices include Manuals, Batteries, `. IT and p&p 

Cheque /PO Ion t 1 for illustrated literature) to DEPT. REC. 

(Add -on kits 

Satisfaction guaranteed. 
ELECTRONI -KIT LTD, 408 St. John's Street, 

London, EC1. (01 -278 4579) 
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PLAIN - BACKED 
NEW STYLE 

SELF -BINDERS 
for your other magazines 

(max. format 72" x 9 -1") 

The "CORDEX" Patent Self- Binding 
Case will keep your copies in mint 
condition. Issues can be inserted or 
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. 

COLOURS: MAROON OR GREEN 
(If choice not stated, colour available will be sent) 

PRICE 95p P. & P. 25p 

Available only from:- 

Data Publications Ltd, 
57 Maida Vale London W9 1SN 

RADIO & ELECTRONICS CONSTRUCTOR 
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SMALL ADVERTISEMENTS 
(Continued from page 709) 

STEREO JACK PLUGS (Standard) desoldered from new 
equipment. 60p for 5 (including P. & P.). S. F. Downe, 5 
Powderham Road, Exeter, Devon, EX2 9BS. 

FREQUENCY LIST TRANSFERS. We have a limited 
supply of sheets of Dial Frequency Transfers in black. 
ShOrt Wave frequencies 1.8Mc /s to 32Mc /s and 144Mc /s 
and 146Mc /s. Includes amateur band marker frequencies 
at 100kc /s points and other short wave frequencies from 2 

to 32 Mc /s at every 500-Kc /s points. Each frequency is 
repeated. Two sheets for 5p., five sheets for 10p., postage 
6p. Data Publications Ltd., 57 Maidá Vale, London, W9 
1SN. 

PERSONAL 

JANE SCOTT 1'OR GENUINE FRIENDS. Introduc- 
tions to opposite sex with sincerity and thoughtfulness. 
Details free. Stamp to: Jane Scott, 3 /Con North St. 
Quadrant, Brighton, Sussex, BN1 3GJ. 

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

MEET PEOPLE who enjoy doing your kind of thing. Dates 
in all areas, selected by computer. All ages, interests and 
personality types. Write: SIM (Dept. 936), Braemar 
House, Queens Road, Reading. 

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. 

DISABLED YOUNG MAN looking for electronic wiring 
assembly (outwork) for assembly in his home workshop. 
Box No. G307. 

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk 
Broads, why not help to preserve these beautiful water- 
ways. Join the Broads Society and play your part in deter- 
mining Broadlands future. Further details from: - The 
Hon. Membership Secretary, The Broads Society, 
F'lcknield,r Hilly Plantation, Thorpe St. Andrew, 
Norwich, NOR 85S. 

TAPETALK 
The 
CLEVER 
Way 
to 
LEARN 

This Month's Special Offer: 
TWO C60 Cassettes entitled 

INTRODUCING ELECTRONICS 
will be sent to you by return of post for only 

£5.44 plus 55p VAT,P Pkg. 

TAPETALK, P.O. Box 99 (C) 
Milton Keynes MK3 5BR 

Tel: Milton Keynes (0908) 77710 

JUNE 1976 

Technology 
spoken here: 

New this month are 520 MHz divide -by -ten ICs. the 11C90 at E14.00; a nevi 
extruded aluminium heatsink for the TDA2020 for 70p, when purchased 
with the IC, and a new series of cases, especially conceived for our range .,I 
tuner modules, for AM, FM, and now TV sound "off-air". 
5600 Var,rao Mort, won 4 Touen RF ( , It ,000 Radio /MPx and linear IC, 
EC3302 Vaucap FET'B,poia, roar loran;.,; 500 CA30B9E 194 
7252 Top dualov n v1 VHF 10 dodo, CA3090A0 7 75 

Mort., tune/1.00r 3 rno, no tool, 2490 MC13108 220 
7253 Tun .1d r, ,n.ru rrcnor MC13508 070 

Var cap dlureI1u 2400 9976660N 015 
Fugewne ,Ilum,nated me der, 75,4 TBA651 1 81 

35 I4mm as used won Luhn nA 7208C 1 40 
1252.7753 TBA8IOAS 103 

9001 Frequency sc41e 88 108 250 TCA940E 180 
9007 S,g a1 sr,enym sale 0 10 2 50 18rrca, Im nennmin, won 
9007 Throng me er . e 3 0 3 7 50 l,,,sear,, nn ICs 141, ar 

Milan Moi Thu.,, rra, zardl ahtoo, ord 401 !n 100k 035 X10/9401 
w 

TV SOUND SYSTEM TDA2020 2.99 
7700 OII a. UHF TV ,,,u;. -',, NE560 250 

Vaneao lullell wll n ...dal NE561 750 t 118MH, 25,00 NE562 250 
7701 Clams, 

anti 

n ^ a1 

inv. NE565 250 
Iava,laM1 e Matchi9761 7 50 NE550 0 80 

5700 UHF TV va,eap lunerhrarl 550 
5770 Tunernead. 860 Toko filters for 
8011 6 datron i/FM /TV /MPx electroorc e rout, output, AFC M114417 1 65 

o< and scan t unng turd la 9'1 co C T470C 055 
8005 A lot oI acces,nne, for me 7252'3 SFE6.0MA 0.80 

MPH roder and curl g meter dv., 499 888013 045 
88147172 225 

Special Offer Packs 
0507007 160 
121.142107 

507448 6 7448 6 D1.704 10 00' 
1ól1 

507001 CT 7001 6 DL 704 Socket 1250 OTHER AM /FM COILS 

50FM 11.4400 r K84402 586 10472011 2 dxl IN OUR LISTS 

Logic Send an SAE for a free price and stock list which has been 

11C90 14.00 revised extensively during March. There is a new Lanholt 
Variup Diodes Signalmaster FM tuner and a companion 25025W audio 
MVAM 1 2 75 amplifier kit, as well as further details on our broad range 
MVAM 2 1 05 of specialist wireless and Wdio products. 
BA107 0 70 
BA121 070 PP 22p par order. VAT la generally at 121% and the min. } 
615104 04r, CWO charge Is E7. Min. invoice E7.50. Catalogue 40p 

ambit 
6 VAT) 

INTERNATIONAL 4110# 
25 High Street, Brentwood, Essex, CM14 4RG. Tel: 216029; Tlx: 995194. 

ENGINEERS 

YOURSELF FOR A 

This 44 -page 
FREE book 1 

shows how ! 

BETTER JOB WITH MORE PAY! 
Do you want promotion, a better Sob, higher This helpful guide to nuonea, should he read 
pay.? "New Opportunities shows you how to by every ambitious 
get them through our lowest home study Send for this helpful 44-page FREE book 
course. Thee are no books to buy and you now. No obligation and nobody will call on 
can pay -as- you -learn, mu. It could be the best thing you ever did. - CUT OUT THIS COUPON= a, - - 1011 

CHOOSE A SRAND HEW FUTURE HEREI 

1 
ITD 

iluddA. 1'r, 
learn 

l'KACTII'AI. 
5,1I111 AND 
ELECTKONK:, 
Iwith kit) 

Tick or state akb,eCt 0 / interest. Post fo theuddre.sr belon. ' 
I:leetrunir Tran.i.tur 

Engineering -- 1'echnoiog7 I 
Computer CITY & GUILDS 

Electmnies Installation.. and 

1. 

Computer Wiring 
Programming ' CITY & GUILDS 

Colour TV Electrical 

Electrical Servicing Technicians t=1 

Engineering C & l; Radio, TV 
Eleedrh, al and Electronic 

Installation. M.v:hank. 
and Wiring General Radio 

cletriral and TV 

'hl 
dughtsndan- Engineering 

vie 
Electrical 

Radio f aimunance Coaching for many 
\Iathem.,, 

,1 K pair, mnjnr erpminn)inn, 

ALDERMASTON COLLEGE, Dept. ERE 18, READING RG7 4PF 
Also at our London Advisory Office, 4 Fore Street 

I 
E R E 1 8 I 

Avenue. Moorgate, London. EC2Y 5EJ Tel: 01 -528 2721 

li NAME 15100k Clouais Pi...) ' 
ADDRESS 

POSTCODE 

Omer suAecls Aga 

Accredited b C A C C Member of A.B.C.C. 

CITY & GUILDS 
Telecommunications 
Radio Amateurs' 

Exam etc. etc. 

G E. SK 

&'A' LFVELS 

1 

1 

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
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RADIO & ELECTRONICS CONSTRUCTOR 
Single Copies 

Price 35p each, postage lip 
Issue(s) required 

Annual Subscription 
Price £5.00, post free, commence with issue 

Bound Volumes: 
Vol. 25. August 1971 to July 1972. Price £2.00, post & pkg 65p 
Vol. 27. August 1973 to July 1974 Price £2.40, post & pkg 65p 
Vol. 28. August 1974 to July 1975 Price £2.75, post & pkg 65p 

CORDEX SELF -BINDERS 
With title, 'RADIO & ELECTRONICS CONSTRUCTOR' on spine, 

maroon only Price £1.00, post & pkg 25p 
With no title on spine, maroon Price 95p, post & pkg 25p 
With no title on spine, green Price 95p, post & pkg 25p 

Prices include V.A.T. 

DATA BOOK SERIES 
DB5 TV Fault Finding, 132 pages Price 90p, P. & P. 1 7p 
DB6 Radio Amateur Operator's Handbook, 

88 pages Price 70p, P. & P. 12p 
DB17 Understanding Television, 504 pages Price £3.25, P. & P. 50p 
DB18 Audio Amplifiers, 124 pages Price 53p, P. & P. 14p 
DB19 Simple Short Wave Receivers 

140 pages Price 80p, P. & P. 1 7 p 

STRIP -FIX PLASTIC PANEL SIGNS 
Set 3: Wording - White Price 75p, P. & P. 7p 
Set 4: Wording - Black Price 50p, P. & P. 7p 
Set 5: Dials Price 38p, P. & P. 7p 

Prices include V.A.T. on Panel Signs 

I enclose Postal Order /Cheque for in payment for 

NAME 

ADDRESS 

(BLOCK LEZERS PLEASE) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order. 
All publications are obtainable through your local bookseller 
Data Publications Ltd., 57 Maida Vale, London W9 1 SN 

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS 

RADIO & ELECTRONICS CONSTRUCTOR 
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EXPERIMENTS 
WITH 

OPERATIONAL 
AMPLIFIERS 

learning by Doing 

GEORGE B. CLAYTON 

ANOTHER 
SPECIAL 
OFFER 

1,000 copies of this brand new book are now in our warehouse and available 
at a special low priçe to readers of Radio & Electronics Constructor. 

Paperback Hardcover 
(Published Price £3.35) (Published Price £7.95) 
£2.65 (save 70p) £6.50 (save £1.45) 
Both prices include postage and packing. 

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

FROM THE AUTHOR 
. the quickest way to learn about operational amplifiers is actually to use 

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

CONTENTS 
1 Basic Operational Amplifier Ideas 

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

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

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

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

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

I enclose Postal Order /Cheque for £ 

Name 

Address 

(Block Letters Please) 
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