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COMPONENTS

HOBBYIST - PROFESSIONAL - DOMESTIC - SURPLUS - INDUSTRIAL
JUSTA FEW 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 customer's risk, unless sufficient payment for insurance

included (2p per £1 Min 5p) U.K. only.

VALVE BASES TO3 or TO66
Printed circuit BSA — B7G 2p | Mica Washet 2p
Chassis B7 — B9G - B7G A 4p | 18 vplt 4 amp f:harger,
Shrouded chassis B7G — B9A 6p bridge rectifier 50p
BBA — BIA chassis — B12A tube 6p | GC10/4B £3.00

Speaker, 6” x4”, 5 ohm, ideal for car radio etc. £1
TAG STRIP - 6 way 3p

VHF Radio Tuner Head

Telescopic aerial
Closed 91", open 381"
Fitted right angle TV

9 way 5p Single 1p|( Takes ECC 85 80p] plug, 50p

1% glass fuses— 250 m/a or 3 amp (box of 12) ¥ . 18p
3” tape spools 8p 1 Terryclips chrome finish 4p
Brand new Boxed 6K7G 25p 1.5m, log edge pot 8p
PVC or metal clip on M.E.S. bulb holder . 5p
Geared Knob, Inner to Outer Ratio 8:1 60p

Bulgin, 5mm Jack plug and switched socket (pair) 30p
12 volt solenoid and plunger . . - . . 30p
250 RPM 50 ¢/s locked frequency miniature mains motor 50p
200 OHM coil, 21" long, hollow centre . | 10p
Belling Lee white plastic surface coax outlet Box 30p
R.S. 12 way standard plug and shelil 20p
SWITCHES RESISTORS
Pole Way Type 1% watt 1p
4 ol Sub. Min. Slide 18p |1 watt . i 2p
6 2 Slide 20p | Up to 5 watt wire 10p
4 2 Lever Slide 15p | 10 watt wire
2 2 Slide 10p | wound 12p
1 3 + off Sub. min. edge 10p | 15 watt 14p
1 3 13 amp small rotary 12p
2 2 Locking with 2 to 3 keys
£1.50 Pl‘;ﬂlpsf téanfforzrg%r,
safety fused. In -
: 3 ST fob |220-240v, Out 2400
Wafer Rotary, all types 30p | 60ma 4-6.3v 1a approx

S.P.S.T. 10 amp 240v. white rocker switch with

neon. 1” square flush panel fitting 30p
13 METER AUDIO LEAD
5 pin din plug 180° both ends .68p

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

3Ib for 85p -+ 60p post.and packing
7lb for £1.75 4 80p post and packing

Ciear Plastic Boxes
For component storage or
projects, sliding lid. 12" x
13" x1” 10p

KNOBS
SILVER METAL PUSH ON WITH POINTER, OR
WHITE PLASTIC, GRUB SCREW WITH POINTER AND
SILVER CENTRE 8p EACH.
1” DIAM. WITH 13” SKIRT SPUN ALUMINIUM
GRUB SCREW F!XING, 1” 30p EACH.

ZM1162A INDICATOR TUBE
0-9 Iniine End View. Rectangular Envelope 170V
2-5M/A £1.50

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

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

Ferric Chloride, Anhydrous mil. spec. 11b. bag 50p

27 x 21" x 23" £1.50

POTS
Log or Lin carbon 13p

Switched 25p
Dual Pots 38p
Dual & switch 50p
Lin wirewound 25p
Slider Pot 25p
Dual Slider 35p

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

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

5p
5p
5p

6p 8p
6p 8p
6p 9p

100 6p 10p 12p

250 9p 10p 11p 17p

500 10p 11p 17p 24p
1000 13p 17p 40p 75p
2000 23p 37p 45p
As total number of values are too numerous to list,
use this price guide to work out cost of your
actual value requirements, i.e. 2MFD, 30V would
be 5p, or 330MFD, 50V would be 14p, etc. etc.
8/20,10/20,12/20 Tubular tantalum 15p each

8p
8p
13p
19p
28p
45p

12p
15p
18p
20p

16p 20p
18p 20p
25p —

85p f£1

£1.50 — —

16-32/275, 32-32/275, 100-100/150, 100—
100/275 50-50/300 20p each
50/50-385 .. o8 o~ 30p
12,000/12, 32-32-50/300, 700/200 100-100—
100-150-150/320 - 3 50p each
20-20-20/350 40p each
INDICATORS
Bulgin D676 red, takes M.E.S. bulb 20p
12 voltred, small pushfit 20p
Mains neon, red, pushfit 20p

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

TRIMMERS, 20p each

100PF Ceramic, 30PF Beehive, 12PF PTFE
2500PF 750 wvolt, 33PF MIN. AIR SPACED
5PF, MIN. AIR SPACED, 50PF CERAMIC.

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

THERMISTORS
VA1008, VA1034,)
VA1039, VA1040, |
VA1055, VA1066.
VA1082, VA1100 |
VA1077,

VA1005; VA1026 | 159

10p

RELAYS

12 volt S.P.C.O0 octal
mercury wetted high
speed 75p
P.O. 3000 type, 1,000
OHM coil, 4 pole c/o

60p
Mains or 12v d.p.c.o.
_heavy duty octal 60p

Boxed GEC K788

valve f2

THE RADIO SHACK

161 ST. JOHNS HILL, BATTERSEA, LO

NDON S.W.11

Open 10 a.m. till 7 p.m. Monday to Saturday — Also Sunday afternoons
Telephone: 01-223 5016
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Strong grey plastic box same design as die cast

ali43” x 23”7 x 137 .. Als 40p
1”or13” or 3 CAN CLIPS 2p
MAINS DROPPERS
36479 ohm . 15p
664664158 ohm, 6666137 ohm
1741446 ohm, 2664144193 ohm 20p
6504404 1k5 ohm
28654-5754+148435 ohm } 30p
254-35-+97-+59430 ohm
53” x 23 Speaker, ex-equipment 3 ohm 30p
2 Amp Suppression Choke . . 5p
3x24x” PAXOLINE 2p
43 x + x 3", . 2 for 1p
220K & 100 ohm 3 watt resistors 4p
VALVE RETAINER CLIP, adjustable 2p
OUTPUT TRANSFORMERS
Sub-miniature Transistor Type 25p
Valve type, centre tapped or straight 40p

3 pin din to open end, 14yd twin screened
lead 35p
Whiteley Stentorian 3 ohm constant impe-
dance volume control way belowtrade at80p
Drive Cord 1p per yd.

RADIO & ELECTRONICS CONSTRUCTOR
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* SEMICONDUCTORS

vEx
Full soec marked by Muilard. etc. Many other tvpes in $tock Bsxzo/z1 ]! 6p
AC107 . 12p | BC179B “11p| BF180/1/2/3 20p |BSY40 . 28p | IN4148 .. 2.5p
AC128 . . 5p | BC184C L. 9p|{ BF184/5 .. 15p |BU105- 01 93p | BA145/148 12p
AC176 10p | BC186/7 13p| BF194/5/6/7 .. 5p | CV7042 (0Ca1 OC4a, Centercel 10p
ACY28 . . 18p | BC213L/2148B . 9p| BF194A/195C .. 12p |ASY63) 7p | BZYB1 .. 10p
AD149 . . .. 40p | BC261B 10p| BF200 .. 10p | GET111 40p | BB103/110 Vancap 18p
AD161/2 matched pr. 69p | BC327 12p| BF258 .. 24p |0C35 321p | BA182 .. 18p
AF116/7 .. 12p | BC328 10p | BF262/3 23p | ON222 30p | OA5/7/10 10p
AF124/6/7 20p | BC337/8 .. 14p| BF336 . . 25p | TIP30 52p { BZY88 Upto33volt 6p
AF139/178 30p | BCB47/558A .. 7p| BES28 Dual Mosfet 92p | TIP3055 50p | BZX61 11 volt 16p
AF239 .. 20p | BC548 . 9p| BFW10/11 FET,  26p |TIS88A FET 23p | BR100 Diac. 19p
ASY27/73 25p | BCX32/36 12p| BFW30 £1.35 | ZTX300 8p
BC107A or B 9p | BCY40 .. 60p | BFW57/58 20p 2N393/MA393 30p
BC107/8/9 .. 7p | BCY70/1/2 9p| BFX12 . 20p |2N706 . 8p INTEGRATED CIRCUITS
BC108A/B/109B/C 10p | BD112/3/5/6 .. 40p| BEX29/30/84/88 16p |2N929 .. 14p | 7418pind.il.op. Amp20p
BC147/8/9 .. 6p | BD131/2/3/5 .. 30p| BFY50/1/2 12p |2N987 .. .. 35p | TAD100 AMRF £1.00
BC147A/B . 8p | BD201/2/3/4 £1.00| BFY90 .. 50p |2N1507/2219 .. 17p | CA3001 R. F. Amp £1.00
BC148A/B, gg/c/s 8p BD232/4/5 46p} BR101 2 30p |2N2401/2412/2483 25p | TAA300 1wt Amp £1.26
BC157/8/3 ..  6p| BDX77 £1.40 savss}u'n".%:?é?.i"n"’mp 2N2904/5/6/7 .. 13p | NES55v Timer a2p
BC158A/B .. 11p| BF115 .. 12p| BRYS6 34p | 2N2907A 15p | TAAS50 Y or G 31p
BC159B/C,157A 11p | BF167/173 15p| BSV64 | . 40p |2N3053 .. 13p | TAA263 Amp 65p
BC178A/B 12p | BF178/9 20p| BSV79/80 EETs £1 | 2N3054/3055(0requiv)35p | ZN414 RX 95p
BRIDGE RECTIFIERS I3 i 132 SECATZE }ig
Amplsmtor Amp  Volt 2N4037 35p | 7414 60p
b 1,600 BYX10 30p | 2 30 LT120 type 30p
1 120 OSHO1-20 2N5036 60p | 7438/74/86 27p
-200 30p | 06 110 EC433 15p
14 4 e 58 5 D 3 750 [28A141/2/360 .. 31p | 7483 80p
- P Sxds P |2sB135/6/457 .. 20p | LM300, 2-20 volt 50p
RECTIFIERS OPTO ELECTRONICS 40250 _ 60p | 74154 . £1.50
Amp Vot ORP12 44p Photo transistor
IN4004 1 400" BPX40 65p | BPX29  £1.00 |Amp Voit THYRISTORS
IN4005 1 600 l> i BPX42 £1.00 | OCP71 30p |1 240 BTX18-200 50p
IN4006 1 800 P | BPYIO _ £1.00 | GiglED. 02°|1 400 BTX18-300 65p
IN4007 1 1.000 (VOLTIAC) hamie 240 BTX30-200 40p
2v 50m/A X,

BY103 1 1,500 15p BPYGSl RED 14p |65 500 BT102-500R 75p
SR100 1.5 100 7p | BPY69 > £1.00 15 500 BT107 £1.00
ORANGE
SR400 1.5 400 8p | BPY77 ) GREEN 16p {6.5 600 BT101-500R 90p
REC53A 1.5 1,250 14p Diodes YELLOW 6.5 500 BT109-500R 75p
L1102 2 30 10p 20 600 BTW92-600RM .. £3.00
gxgg-gggn gg ggg ggp PHOTO SILICON CONTROLLED |15 800 BTX95-800R Pulse Modulated £8.00

g . P | swiT 66 PNPN 1. T10 (Less N . £3.00
BYX38.900 76 200 5p CH BPX 10 amp £1.00 | 30 1000 28T10 (Less Nut) 3 Y
BYX38-1200 2.5 1,200 50p. | .3” red 7 segment L.E.D. 14 | PAPER BLOCK CONDENSER SOLDER
BYX49-600 2.5 600  34p | D.IL.0-9+ D.P.display1.9v, |0.25MFD 800 volt 30p | Multicore - 21p foot
BYX49-300 25 300 26p 10m/a segment 65p |4 MFED 250 volt 15p 2
BYX49-900 25 900 40p JMFD 250 volt 20p | ENAM. COPPER WIRE
BYX49-1200 2.5 1,200 52p CaY11B LE.D B

poLk 10MFD 500 volt 80p | SWG. PER YD.
BYX48-300 6 300 40p | infra red transmitter £1 Vo PI™1s 3
BYX48-600 6 600 50p One fifth of trade 4MFD 250 volt 20p p
BYX48-900 6 900  60p 15MFD 150 volt 50p gg-ig ;a’p
NGEERIAL | P 1200 800 | \vieonded glass neons 5p | METAL CHASSIS SOCKETS |28 P
BYX72-150R 10 150  35p
Car Aerial GARRARD
BYX72-300R 10 300 45p : - . GCS23T C I's
BYX72-500R 10 500 55p | Plastic, Transistor or Diode | Coax : rystal Stereo
BYX42-300 10 300 30p | Holder 1p {5 or 6 pin 240° din 9p | Cartridge £1.00
8YX42-600 10 600 65p | Transistor or Diode Pad 1p { Speaker din switched J HANDLES
Sxig-?ggo :g 1288 ggp Holdersorpads 50pper100 | 3.5mm Switched Socket Rigid light blue nylon
BYX46-300* 15 ‘300 E1 08 Philips Iron Thermostat i 15p | 8 way Cinch standard |6%” with secret fitting
BYX46-400* 15 400 £1.50 | Bulgin 2-pin flat %Iug and socket }gp 0.15 pitch edge socket |Screws 5p
BYX46-500* 15 500 £1.75 | McMurdo PP108 8 way edge plug 10p 20p 14 D.IL. socket, gold
BYX46-600* 15 600 £2.00 G EANS TNEC UECT 70 way oin |plated contacts, NOT
BYX20-200 25 200 60p | Europlec HP1 TO3B individual “curly’ | “-=-%- y p 5
BYX52-300 40 300 £1.75 | powertransistortype. Ready drilled 20p | connector 2B6000 cheap type 13p
BYX52-1200 40 1200 £2.60 vyt I— A R OA1P10 10p | Miniature Axial Lead
*Avalanche type e e Sy 2 U.E.C.L. 20 way pin |Ferrite Choke formers
ample lead ex new .equipment
Amp  Volt TRIACS ACY17-20 8p | 0C71/2 5p | connector 2p
6 400 Plastic . 74p 3 2A60000A1P20 20p
ASZ20 8p | 0C200-5 10p DEE PLUG
25 900 BTX94-900  £4.00 | L3571 o Tica4 i 3 -
26 1200  BTX94-1200 £6.00 P Pl UECL. 10 way pin |McMurdo DA15P 15
- BC186 1p | 2G240 2-50 | socket 2B606001R10 |way chassisplug 10p
12-0-12 50M/A Min. Txfmr. 90p | BCY30-34 10p | 2G302 6p 10p Y
Pair of LA2407 Ferrox cores BCY70/1/2 8p | 2G401 10p | — — | Fairway 18009 Coax.
with adjuster 25p gf{ng 139 g’;;;;ﬁ ng U~E'-(C4t;-2 ggso%% R‘;g socket 3p
p p | socke
Chrome Car Radio facia 15p | B7Y88 series 5p | 2N598/9 6p 20p TIE CLIPS
Rubber Car Radio gasket .. 5p g ”
HG1005 2p | 2N1091 8p 35 STEREO PLUG Nylon self locking 7
DLI Pal Delayline 50p | HG5009 2p | 2N1302 gp [ =-°mm or 33" 2p
Relay socket 70p | HG5079 2p | 2N1907  2.50 | Metal screened  35p
Take miniature 2PCO relay L78/9 2p | Germ.diode 1p | Philips electronic eng- CINCH 150
B7G or BSA Vol 7o | M3 10p | GET120 (AC128 | ineer kits add on series |12 way edge socket
yateican P | 0A81 2p | in17sq.heatsink) | E1004 £1.00 each 10p
0-30, or 0-15, black pve, 360° 0A47 , 2p 20p ——=
dial, silver dlglts self adhesive, 0A200-2 3p | GET872 12p | RG4-1250 Mercury 1lb Mixed nuts, bolts,
41" dia. . . 10p | 0C23 20p | 2S3230 30p | vapour rectifier £5.00 |washers etc. 35p

LARGE ORDERS,
POSTAGE,

SMALL ORDERS,
STAMPED ADDRESSED ENVELOPE

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

ENCLOSE SUITABLE

ADD SUFFICIENT FOR
INSURANCE, ETC,

OCTOBER 1975

MAIL ORDER CUSTOMERS

ONLY ADD 8% V.A.T.
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NOW AVAILABLE .

LATEST BOUND
VOLUME No. 28

of
“Radio & Electronics
Constructor”

FOR YOUR LIBRARY
Comprising AUGUST 1974
i omares Rl PRICE £2.75 P&P 50p

BOUND VOLUME No. 25 (August 1971 to July 1972)
BOUND VOLUME No. 27 (August 1973 to July 1974)

Limited number of these volumes still available

PRICE £2.00 p. & p. 50p
PRICE £2.40 p. & p. 50p

We regret all earlier volumes are now completely sold out.
Available only from

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

aaaaa

electronics. radio amateur.

Step by step, we take you through - Learn how to become aradioo =
all the fundamentals of electronics

amateur in contact with the whole = -
and show you how easily the sub- - world. We give skilled preparatwn E

ject can be mastered usingour for the G.P.O. lxcence
unique Lerna-Kit course. -

l.LUnderstand 2.Becomea

o

(n Build an osculloscope
(2) Read, draw and understand
circuit diagrams.
(3) Carry out over 40 expeéri-
* ments on basic electro!nc

circuits and see how
_they. work

-

e PP i =g --------i
Brochure, without obligation to:

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, Dept REL 105 :
P.0O. Box 166, Jersey, Channel Islands. l
NAME i |
ADDRESS

Block caps please .
L P T T T T LT P P L T T YT T T rrrrL Tyl
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WILMSLOW AUDIO

W THE Firm for speakers!

SPEAKERS SPEAKERS SPEAKER KIiTS (Carr. 75p each. £1.50 pair)
Baker Group 25, 3, 8 or 15 ohm £8.64 Fane Crescendo 12A 8 or 15 ohm £34.50 Baker Major Module 3,8 or 15 ohm each £13.44
Baker Group 35, 3, 8 or 15 ohm £10.25 Fane Crescendo 12B 8 or 15 ohm £36.50 Goodmans Mezzo Twinkit pair  £47.19
Baker Group 50/12, 8 or 15 ohm £14.00 Fane Crescendo 15, 8 or 15 ohm £47.50 ,Goodsmans DIN 20 4 ohm each £13.44
Baker Deluxe 12”, 8 or 15 ochm £13.75 Fane Crescendo 18, 8 or 1S ohm £62.95 Helme XLK25 pair  £25.44
Baker Major 3, 8 or 15 ohm £11.87 Fane 910 horn £14.95 Helme XLK30 pair £17.19
Baker Superb 8 or 15 ohm £18.12 Fane 920 horn £33.95 Helme XLK50 pair  £46.25%
Baker Regent 8 or 15 ohm £10.00 Fane 152/12a 15”15 ohm £16.00 Kefkit 1 pair  £48.44
Baker Auditorium 12 £16.25 Fane 801T 8” d/cone roll surf. £8.12 Kefkit 3 each £42.50}
Celestion PST8 (for Unilex) £3.75 Fane 808T 8” d/cone £3.44 Peerless 3-15 (3 sp. system each £17.47
Celestion G12H 8 or 15 ohm £18.45 Fane 807T 8” d/cone roli surr. £5.75 Peerless 20/2 each £17.44
Celestion G12M 8 or 15 ohm £15.00 Goodmans 8P 8 or 15 ohm £5.50 Peerless 30/2 each £24.38ﬁ
Celestion G15C 8 or 15 ohm £30.25 Goodsmans 10P 8 or 15 ohm £5.80 Peerless 20/3 each £26.56
Celestion G18C 8 or 15 ohm £39.95 Goodmans 12P 8 or 15 ochm £13.95 Peerless 50/4 each  £40.50
Celestion MH1000 8 or 15 ohm  £156.60 Goodmans 12P-D 8 or 15 ohm £16.95 Richard Allan Twinkit each £10.37
EMI 13 x 8, 150 d/cone, 8 ohm £2.94 Goodmans 12P-G 8 or 15 ohm £15.95 Richard Allan Triple 8 each £15.94
EMI 13 x 8 type 350, 8 or 15 ohm £9.56 Goodman 12AX 100 watt 8 or 15 ohm £36.50 Richard Allan Triple each £23.12
EMI 13 x 8 20 watt bass £7.69 Goodsmans 15AX 100 watt 8 or 15 ohm £40.25 Richard Allan Super Triple each £27.50
EMI 5” 14A/730 mid-range 8 ohm £3.50 Goodmans 15P 8 or 15 ohm £21.00 Wharfedale Linton 2 kit pair  £23.12
EMI 63" 93850 4 or 8 ohm £2.90 Goodmans 18P 8 or 15 ohm £36.00 Wharfedale Glendale 3 kit pair  £40.61
‘BEMI 8 x 5, cer. mag. 8 ohm £1.87 Goodmans Hifax 750 £16.00 Wharfedale Dovedale 3 kit pair £63.12
EMI 8 x 5, 10 watt, d/c roll/s 8 ohm £3.44 Goodmans Axent 100 tweeter & crossover £7.44
EMI 10 x 6 $3870 B ohm £2.69 Goodmans Audiom 100, 8 or 15 ohm £13.90 .
EMI 23" tweeter 8 ochm .77 Goodmans Axiom 401, 8 or 15 ohm £20.00 PA/DISCO AMPLIFIERS (Carr. and ins. £1)
|Elac 9 x 5, 59RM109 15 ohm, Goodsmans Twinaxiom 8” 8 or 15 chm £10.14 Baker Major 100 watt £57.25
59RM114 8 chm £3.64 Goodsmans Twinaxiom 10” 8 or 15 ohm £10.75 Linear 30/40 £30.00
Elac 61" d/cone, roll surr. 8 ohm £4.06 Gauss 12” full range 8 ohm £69.50 Linear 40/60 £35.00
Elac 63" d/cone 8 ohm £3.12 Gauss 12” Bass 8 ohm £69.50 Linear 80/100 £58.95
Elac TW4 4" tweeter £1.75 Gauss 15" full range 8 ohm £75.00 Linear 100 watt slave £44.00
Elat 10” 10RM239 d/c 8 ohm £3.12 Gauss 15" Bass 8 ohm £75.00 Eagle PRO A120, 120 watts RMS £129.00
Elac 8” 3 ohm £2.87 Gauss 18” full range 8 ohm £80.00 Eagle PRO A6S, 65 watts RMS £98.50
Eagle Crossover 3, 8 or 16 ohm £1.75 Gauss 18” Bass 8 ohm £80.00 Eagle PRO A35, 35 watts RM'S £77.00
Eagle CTS cone tweeter 8 ohm £2.06 All the above Gauss (American) speakers are Eagles TPA40 mains/12v mobile £50.00
Eagle CT10 tweeter 8 or 16 ohm £3.00 fitted with 41" voice coils and can handle 200 watts Eagle HHS 36 watts. mobile 12v. £37.50
Eagle DT33 dome tweeter 8 ochm £6.31 RMS. Eagle TPA20 paging amplifier £45.00
Eagle FF5 3 way crossover £3.62 Kef T27 £6.06 Eagle RABS59 Reverb (p. & p. 75p) £18.25
Eagle SN75 crossover with tw: contro!£4.69 Kef T15 £6.94 Eagle RABS6 Reverb (p. & p. 75p) £12.50
Eagle FF28 mutlticell, horn £9.00 Kef B110 £8.37
Eagle HT1S horn tw. 16 ohm £4.40 Kef B200 £9.50 ]
Eagle HT21 horn tw, 8 ohm £6.81 Kef B139 cieosMEIERRRRIDMNES (7 &, p. T07) -
Eagle MHT10 horn tw. 8 ohm £4.44 Kef DN8 e e ey -
£ - Shure 515 SA High Impedance £18.25
” g P!
Eagle FR4 4” full range £6.12 Kef DN12 £5.75 £34.69
Eagle FR65 61" full range £9.62 Kef DN13 £3.87 Shure 545 Dual Impedance "
4 4 4 1 Shure 588 SB Low Impedance £23.12
7 f . P!
Eagle FR8 8” full range £12.31 Richard Allan CG8T 8” d/c roll rurr.. 8 chms £7.37 Sh 588 SA High Impedance £23.75
Fane Pop 15 watt 12” £5.25 STC 4001G super tweeter £6.56 P e P .
Fane Pop 25T 30 2t 12 £7.50 23" 64 ohm, 70mm 8 ohm, 70mm 80 ohm -77 FREE with loudspeaker orders over £1 -
Fane Pop watt 12 £12.00 24" 75 ohm :55 *“HiFi Loudspeaker Enclosures” book
Fane Pop 55 127 60 watt £13.95 77 x 4" 3,8 0r 15 ohm £1.63
Fane Pop 60 watt 15” £14.75 8” x 5% 3,8 or 15 ohm £1.75 All items guaranteed new and perfect
Fane Pop 100 watt 18” £25.95 10" x 6” 6.8 or 15 ohm £2.69

Prompt despatch

Carriage: 38p per speaker 12” and up 50p each,
25p per tweeter, crossover or 24”/70mm speaker
kits 75p each (£1.50 pair)

The Ultimate Radio! | Including VAT - 26%
GRUNDIG SATELLIT 2000

You've got your yacht, private aircraft, Rolls
Comiche? — then all you need for a full set of
status symbols is this latest model Grundig
Satellit, Germany's top radio! Radio per-
formance. appearance and sound quality are
allsuperb. VHF/FM, MW, LW 10 SW bands
plus bandspread, 27 transistors and 22
diodes, Battery/Mains (110/240v.). 2
.speakers, 57’ telescopic aerial:

Our Price £149.95

inc. VAT, carr. & ins.
8ig discounts on Grundig, ITT, Koyo, etc’
Send stamp for list. Ve

\WILMSLOW AUDIO, 10SWAN STREET, WILMSLOW, CHESHIRE

Send stamp for free booklet 'Choosing a speaker’

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

WILMSLOW |
AUDIO

DEPT RC §

LOUDSPEAKERS: SWAN WORKS
BANK SQUARE, WILMSLOW, CHESHIRE

AMPLIFIERS, RADIO ETC.
10 SWAN ST. WILMSLOW, CHESHIRE
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| TRANSISTORS
BRAND NEW FULLY GUARANTEED

Price | Type Price Type Price | Type Price Type
020 | BS8Y40 029 | AF118 038 | ORP6L 041* | BC172
0-19 | BSY4l 029 | AFI124 081 | P20 0-51* | BF167
0-20 | B8Y9 013 | AFI25 081 | P346A 020 | BF173
030 | BSY95A 013 | AFI26 028 | P397 0-43 | BF176
012 | BUIO5 £2-04 | AFI27 029 | STid0 013 | BF177
018 | CIIIE 051 | AF139 0381 | STI41 018 | BFI8
0-18 | C400 031 | AFI78 051 | TIP29 044 | BF179
019 | C407 0-28 | AF179 051 | TIP30 052 | BFI80
018 | Cazd 028 | AF180  0:51 | TIP31A 056 | BF181
015 | Ca25 051 | AFI81 051 | TIP32A 068 | BF182
015 | C426 038 | AFI96 051 | TIP41A 068 | BFI183
015 | C428 020 | AF239 038 | TIP42A 081 | BFI184
019 | C441 031 | AL102 068 | TIS43 0.31* | BFi85
030 | C442 031 | AL103 068 | UT46  0.28* | BFI87
019 |-Cd44 036 | ASY26 026 | ZN414 111 | BFls8
026 | C450 022 | AS8Y27 031 | 2G301 019 | BF194
016 | MATIO0 019 | ASY28 028 | 2G302 013 | BF195
020 | MATI01 020 | ASY28 026 | 26303 0-19 | BF196
020 | MATI20 019 | ASY50 0-26 | 2G304 025 | BF197
020 | MATI21 020 | ASY51 026 | 2G306 041 | BF200
025 | MJE521 056 | ASY52 028 | 0-36 | BF2u2
0-20 | MJE2955 0-88 | ASY54 026 | 2 013 | BF257
0-20 | MJE3055 0-57 | ASY55 0-28 011 | BF258
020 | MIE3440 051 | ABY56 028 | 010 | BF259
025 | MPF102 043 | ASY57 026 | 2 010 | BF262
0-15 | MPF104 0-38 | ASY38  0-26 0-10 | BFu63
020 | MPF105 0-38 | ASY73 026 071 | BF2370
025 [ 0C1Y 038 | ASZ21 041 | “N30ll 015 | BF271
028 | OC20 0-65 | BCIOT 008 | 2N3053 018 | Br272
0-28 | oua2 047 | BCIO8 008 | 2N3054 047 | BF273
0-20 ] 0-49 | BCI09 008 N 042 | BF274
0-30 | OCu4 057 | BD136  0-41 0-15 | BFW20
020 | OC25 039 | BD137 048 | 017 | BFX29
0:30 | OC26 0-30 | BD138 051 015 | BF X84
022 | oces 051 | BDI39  0-58 015 | BFX85
023 | OC29 051 | BD140  0-61 015 | BFX&6
022 | OC35 043 | BDI55 081 018 | BFX87
023 | OC38 0-51 | BDI75  0-61 0-21 | BFXs8
028 | OC41 020 | BD176  0-61 021 | BFY50
020 | OC4z 025 | BDI77 067 0-20 | BFY51
020 | 2N91R 031  BDI78 067 043 | BFY52
020 | 2N929 021 | BDI79 071 018 | 2G309
020 | 2N930 021 | BD180 071 018 | 2G339
0-17 | 2N1131 020 | BDIS5 0867 028 | 2G339A
019 | 2N1132 022 | BD1&6 067 | 0-29 | 26344
018 | 2N1302 015 | BDI87 071 0-77* | 2G345
0-36 | 2N1303 015 | BD188 071 0-89 | 2G371
029 | N1304 018 | BDIRY 077 0-76 | 2G371B
029 | 2N1305 018 | BD190 077 078 | 26373
0-21 | 2N1306 0-21 | BDI195 0.87 009 | 26374
015 | 2N1307 021 | BD1%6 087 | 012 | 26377
015 | 2N1308 024 | BD197 092 |. 012 | 2G378
022 | 2NI1309 024 | BD198 092 013 | 2G381
019 | uN1613 0-20 | BDI19S 088 012 | 26382
019 | 2N1711 020 | BD200 098 | 0-12 | 2G401
018 | 2N1s89 032 | BD05 081 0-13 | 2G414
0-26 046 | BD206  0-81 | 2N3708 008 | 2G417
0-25 038 | BD207 088 | 2N3709 009 | 2N388
015 073 | BD208 098 | 2N3710 0-09 | 2N388A
015 0-58 | BDY20 £1-02 | 2N3711 0-09 | 2N404
015 036 | BFII5>  0-25 | uN38I9 0.28 | 2N404A
015 0-38 | Br117 046 | 2N38%0 (-51 & ©N524
0-20 0-36 | BFI18 071 | 2N3821 0-36 | 2ns27
0-20 0-22 | BFI19 071 | 2N3823 029 | 2N598
0-29 0-20 | BFI2L  0-46 | 2N3903 0-29 & 2N599
0-29 0-20 | BFI23 051 | 2N3904 031 | 2N696
0-11 0-22 | BF125 046 | 2N30905 028 | 2N697
011 020 | BF127 051 | 2N3906 028 | 2N698
012 2 020 | BF152  0-58 | 2N4058 0-12 | 2N699
013 | 2N2368 018 | BF153 048 | 2N4059 010 | 2N706
013 | 2N2369 015 | BF154 048 | 2N4060 012 | ON706A
017 BFI55 071 | BC113 010 | 2N708
0-28 BFI56 049 | BCll4 016 | 2N7ll
0-36 BF157 058 | BCl15 018 | 2N717
0-28 BF158 058 | BCI16 018 | 2N718
0-25 BK159 061 | BCL17 019 | 2N718A
0-31 Br160 041 | BCI18 010 | 2N726
0-37 BF162 041 | BCI1S 031 | 2N727
0-31 BF163 041 | BC120  0-81 | 2N743
0-37 BF164 041 | BCI25 012 | 2N744
0-25 BF165 041 | BC126 019 | 2NO14
0-27 0044 016 | BC132 012 | 2N4061
031 0C4s 018 | BCI134 019 | 2N4062
0-22 0C70 010 | BC135 012 | 2N4284
0-28 oc71 010 | BCI36 016 | 2N4285
0-15 oc2 015 | BCI37 018 | 2N4286
0-20 0C74 016 | BC139 041 .| 2N4287
015 0C75 016 | BC140 031 | 2N4288
0-20 0C786 018 | BC141 031 | 2N4289
0-26 0oCi7 026 | BC142 031 | 2N4290
0-28 oCs! 016 | BC143 081 | 2N4291
0-83 OC81D 016 | BC1d5 048 | ON4292
-81 - 0cs? 016 | BCl47 010 | 2N4293
-81 - 0C82D 016 | BCl48 010 | 2N5172
0-87 - 0C83 020 | BCI49 012 | 2N5194
0-70 - OCI39 020 | BCI50  0-19 | 2N5294
051 | AD142 049 | OCI40 , 020 | BCI51 020 | 2N5296
061 | ADI143 039 | OCI69 026 | BCI52 018 | 2N5457
087 | ADI49 051 | OCI70 026 | BC158 029 | 9N3458
041 | AD161 038 | OCI71  0-28 | BCl54 031 | 2N5459
018 | Ap182 36 | OC200 026 | BCi57 019 | 2N6I2e
018 | Ap16] & 0C201 028 | BC158 012 | 28301
018 | AD162AMP) 0C202  0-26 | BC159 012 | 283024
018 089 | OC203 028 | BC160  0-46 | 28302
018 | ApDT140 051 | OC204 028 | BCIG1 051 | 28303
018 | ,p114 ogp | OC205  0-38 | BC167 012 | 23304
018 | “F115  oos | OC309 041 | BCI6R 012 | 28305
016 5 OCP71 044* | BC169 012 | 28306
019 | AF116 025 | ORP12 (.44 | BCI70- 01% | 28307
0198 | AF117 025 | ORP6O 041 ' BC171 015 | 08321
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74 SERIES T.T.L. I.C's

BI-PAK STILL LOWEST IN PRICE. FULL SPECIFICATION GUARANTEED, AL

FAMOUS MANUFACTURERS..

Type Quaniities Type Quaniitles Type Quantities
1 25 100 + 1 25 100+ 1 25

7400 014 013 012 | 7448 £102 099 087 | 74122 085 063
7401 014 013 o012 7450 014 013 o012 74123 0-88 068
7402 014 013 012 | 7451 014 013 012 | 74141 0-79 078
7403 014 013 012 | 7453 014 013 012 | 74145 £1-20 £1-18
7404 0-14 013 013 | 7454 014 013 012 | 74150 £1-39 £1-30
7405 014 013 012 | 7460 014 013 012 | 74151 £1-02 097
7406 036 031 028 l 7470 0-30 027 0-25 | 74153 0-93 0-88
7407 038 031 029 | 7472 030 027 025 | 74154  £1-57 £1-43
7408 023 022 021 | 7473 038 038 032 | 74155 £111 £1-08
7409 023 022 021 | 7474 038 038 032 | 74156 £1-11 £1-06
7410 014 013 012 7476 0-58 054 0-52 74157 088 0-88
7411 0-23 022 021 | 7476 041 040 039 | 74160 £1-30 £1-25
7412 0-26 025 024 | 7480 0-56 054 051 | 74161 £1-30 £1-25
7413 0-30 020 0-28 | 7481 102 097 083 | 74162  £1-30 21-25
7416 0-28 027 028 7482 083 079 074 | 74163 2130 £1-

7417 0-28 027 028 | 7483  £1-11 21068 097 | 74184 £1.67 £1.68
7420 014 018 012 7484 093 0-80° 0-88 74165 21-67 21-62
7422 028 027 028 | 74R5  £1.48 £1-44 £1-30 | 74166 4148 2£1.44
7423 0-37 036 035 | 7486 032 031 030 | 74174 2148 £1.44
7425 037 038 035 | 7489  £3.70 £3-47 £3-24 | 74175 £1.02 087
7426 0-37 035 033 7490 0-60 0-58 0-58 74176 £1-18 £1-11
1427 0-837 035 033 | 7491 21-02 057 083 | 74177 £1-18 £1-11
7428 0-42 039 037 | 7492 089 088 059 | 74180 £1-16 £1-11
7430 014 013 o012 7493 088 068 059 74181 £3-68 £3-56
7432 0-37 035 0-33 7494 079 076 069 74182 £1-16 £1-11
7433 0-39 037 035 | 7495 079 078 069 | 74184 21.87 £1.62
7437 032 030 o028 7496 0-80 0-86 0-80 74190 £1-81 £1-78
7438 0:32 0-30 0-28 | 74200 £1-39 £1-34 £1-30 74191 £1 81 £1-78
7440 0-14 013 0-12 | 74104 056 0-54 051 | 74192 21-81 £1-76
7441 088 068 0-59 | 74105 0-56 0-54 0-51 74193 21-81 .1-78
7442 0-89 068 058 | 74107 041 038 037 74194 £1-20 21-18
7443 21-11 21-08 £1-02 | 74110 0-56 0-51 0-48 74195 £1-02 097
7444 2111 21-08 £1-02 | 74111 083 081 078 | 74196 2111 2106
7445 £1-48 £1-44 £1-39 | 74118 0983 088 083 74197 £1-11 £1-08
7446 £1-11 £1-08 £1-02 | 74119  £1-39 £1-30 £1.20 74190  £2-55 £2-50
7447  £1-02 099 087 | 74121 048 044 04 74199 2231 2221

Devices may be mixed to

the above series of I.C's in booklet form. PRICE 35p.

qualify for quantity price. (TTL 74 series only) data is available f

*

D.T.L. 930 SERIES

Type Quantities | Type Quurdities
1 25 100+ I 25 100
BP930 014 013 012 | BP944 015 014 0
BP932 015 014 013 | BP945 028 o028
BP933 015 014 013 | BP9 014 013
BP935 015 014 013 | BP948 = 028 028
BP936 015 014 013 BP51 = 085 080
* TRIACS
Case 100V 200V 400V
2 Amp TO5 0-31 0-51 -
6 Amp TO66 0-51 0-81 0-77.
10 Amp TO48 077 092 £1-12
* [ D..L. SOCKETS
1 25 100 +
TSO14 14 pin type 031 o028 025
TSO16 16 pin type 035 032 030
TS024 24 pin type 089 084 062
BP8 8 8 pln type (low cost) 0-14 012 010
BPS14 14 pin type (low cost) 015 0-13 0-11
BP816 16 pin type (low cost) 0-18 014 012

Type

BP962

BP9093
BP9094
BP9097
RPAnaG

Quqqmieu
1 25 1

ALL PRICES

PLEASE ADD VA

ITEMS EXCEPT

GIRO NUMBER
-388-7006

Postage & Packin
Add extra for airma

LINEAR 1.C's

Type Quantities | Tupe Quantities Type Quantities
1 25 100+ 1 25 100+ 25 100+
72702 048 044 042 | BL701C 046 042 087 | ua723C 045 043 04(
72709 023 021 o019 | SL702C 046 042 037 | 76003 ll:(&D £1-34 £1-30
72709P 018 018 017 | TAA283 074 085 058 | 76023 £1-39 £1-34 £1-30
72710 032 031 028 | TAA293 083 088 083 | 76660 088 088 083
72741 028 027 028 | TAA350A LM380 083 0-80 088
72741C  0-26 025 o024 £1-71 £1-67 £1-57 | NE555 045 043 040
72741P 028 027 028 | uA703C 028 024 022 | NE556 088 086 083
72747 079 074 061 | uA709C 019 018 0-17 | TBASCO £1-39 £1-34 £1-30
72748P 035 033 031 | uA711C 0-32 031 028 | ZN414 £111 — ==
BL201C 046 042 0387 ' nA712C 032 031 028
SILICON: RECTIFIERS
300mA 750mA 1 Amp 153Amp 3Amp 10Amp 30Amp
PIV (bO 7 (80 16) Plastic (80 16) (80 10) (80 10) (TO 48)
50 005 0-08 IN4001 0-05 007 014 0-19* 0-58°
100 005 0-07 1N4002 0-08 0-09 018 ogl* 0-691
200 0-08 0-09 1N4003 0-07 012 0-20 0-23¢ 093°
400 007 014 1N4004 0-08 0-14 028  0-35% £1-25¢
600 0-08 018 1N4005 009 018 033  o042* 21:76°
800 011 0-18 1N4006 0-10 0-18 035 0:51* 21-84°
1000 013 028 1N4007 011 0-23 044 0-60* 2231°
1200 - 0-32 0-28 0-54  0-69¢ £2-88°

RADIO & ELECTRONICS CONSTRUCTOR



PO BOX 6 WARE HERTS

SUPER UNTESTED PAKS

QUALITY TESTED PAKS

'4x No. Description Price
' 1 120 Gluss Subendn, General purpose Germ. diodes .. !p“ 0-80
! 2 50 Mixed Germanium transistors AF/RF g .. 080
14 73 Germanium goil bonded sub-miun. like QOAS. ONI .. 080
I 4 30 Germanium transistors like OC81, ACI28 - .. 060
i 3 60 200mA rub-min. silicon divden R mo .. 080
7 6 A0 Bil. Planar trans. NPN like B8YY54, ‘.’N?Dﬂ . .. 080
17 18 8il. rect. TOP-HAT 750mA VLTG. RANGE up to 104 0-80
L R 50 8ib. planar diodes DO-7 glass 250mA like 0A200/20% ..  0-80
1§ u0 Mixed voltages, ) Watt Zener Dlodes o =3 ~. 080
110 20 BAY50 charge storage diodes DO-7 glass .. 080
111 20 PNP 8il. planar trans. TO-5 like 2N1132, 2N"‘)M .. 080
112 30 PNP-NPN Bil. translsturs OC200 & 28104 = - 0-80
114 150 Mixed silicon and germ:niumn diodes o .8 .. 060
(12 20 NPN 8il. planar traus. TO-5 itke 2N896, 2N6Y7 .. .. 080
1118 10 3Amp sil. rectifiers stud type up to 1000 PIV | .. 060
1137 30 Ctermaniuin PNP AF transistors TO-5 llke ACY 17-22 0-60
1118 8 6 Amp sil. rectifiers BYZ13 type up to 600 PIV .. 080
['19 20 Silicon NPN transirtora like BC 108 = o .. 080
(20 12 1-5 Amp sil. rectifiers top hat up to 1000 P1V .. z 0-80
(121 30 AF. Germ. alloy transistors 23300 series & OCit .. 060
1123 25 MADT's like MHz reries PNP trancistors - .. 080
20 Gerni. ) Amp rectifiers QIM series up to 300 PI\ .. 080

25 300 MHz NPN silicon transiators 2N708, B8Y27 .. 080

30 Fast rwitching rilicon diodes like IN914 Micro-Min 080

10 1 Aurp SCR’s TO-5 can, up tu 600 PIV CRB1/25-600 ll 20

95 Zener diodes 400 1nW DO-7 case 3-33 volts mixed .. 080

15 Plastic ease !} Amp sil. rectitiers IN4000 series . .. 080

30 8ilicon PNP alloy trans. TO-5 BCY26 28302/4 .. .. 080

23 8ilicon planar transistors PNP TO-18 2N2906 .. .. 080

20 Silicon planar NPN transiators TO-3 BFY50/51,52 080

30 Silicon alloy transistors 80-2 PNP 0C200, 82322 .. 060

20 Fast switching silicon trans. NPN- 400 MHz 2N 3011 .. 080

30 RF. Ger. PNP transistors 2N1303/5 TO-3 8. .. 080

10 Dual transistors 6 lead TO-5 2N2060 €T a0 .. 080

256 Silicon trans. piastic TO-18 A.F. BU113/1 14 - .. 080

20 8ilicon trans. plastic TO-5 BC5 .. v E 0-80

7 3A 8CR. TO64 up to 600 P1V r il 20*

20 Unijunction transistors aimilur to TI43 .. 0:60*

10 TO220AB plastic triacs 50V 6 21-20

9 NPN 8i!. power transistors like 2N 3035 £1-20

149 12 NPN 8il. plastic power trans. 80W like 2n5294/5"96 £1-20

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

EXCLUDE VAT |JAi I
AT 25% TO ALL *

*ADD 8%

TO.3 Plastic Encapsulation
1A.7805/1.129 5V
(Equiv. to MV R5V) 21-25p
ui.7812/L130 l2V
¢Equiv.
nA.7815/L131 15v
{Eguiv. to MVRI&V) £1-25p
14.7818 18V
(Equiv. to MVR18V) £1-25p

# NO VAT

add 20p overseas
Minimum order 75p

MVRi2V) 8125

* | THYRISTORS

PV 06A 08A 1A 3A 5A 5A TA 10A 16A 30A

TO18 TO92 TO5 TO668 TO66 TO64 TO48 TO48 TO48 TO48
10 013 0156
20 015 018
30 019 022

(73
=
°|
=
@

50 022 02 0820 025 038 0 0-51 0-54

100 025 030 025 025 048 048 051 052 058

150 031 0388 — = — = = = =
200 0-38 044 025 030 050 050 057 062 062 2163
400 — 030 039 055 057 062 071 077 2178
600 = 033 048 069 069 058 089 000 —
800 = = 0-58 065 081 081 092 21-22 £1-39 24:07

DIODES l

Type Price Type Price Type Price | Type Price
AALlS  0-08 BY101 0-12 BYZ16 041 OAB5 0-08
AAI20 008 BY105 018 BYZ17 038 0A20 0-07
AAl129 008 BY1l14 012 BYZ18  0-38 0A91 0-07
AAY30 008 BY124 012 BYZ19 028 OA95 002
AAZ1S 010 BY126 015 CG62 0A200 007
BAl00 010 BY127 018 (OA91Eq) 0-08 0A202 007
BAll6 021 BY128 016 €651 (OA70- 8D10 0-08
BAl126 022 BY130 1? 0A79) 0-0? SD19 0-08
BAl4s 01§ BY133 o021 0A5 Bhort 1N34 007
BAl54 012 164 Leads IN34A 007
RAlS5 015 BYX38/300-43 0Al0 014 1N914 0-08
BAlS6 014 BYZ10 0-38 OA47 007 1N916 0-08
BA173 015 BYZil 031 0A70 1N4148 0-08
BB104 015 BYZ12 031 0A79 0-07 18021 010
BY100 018 BYZ13 028 | 0A8) 0-07 18951 070

OCTOBER 19756

Pak No. Quality Testad Paks Price
Q I 20 Rei spot transistors PNP o . 060
Q 2 16 White spot R.F. transistors PN 1> .. 080
Q 3 4 OC 77 type transistors . 060
Q 4 6 Matched transistors OC44/4- x/ﬂl[%‘l I) 060
Q5 4 OC 75 tgansistora . . oo
Q 6 B OC 72 tranaistors a2y .. 060
Q 7 4 AC 128 transistors PNP hlgh gein .. 080
Q B 4 AC )28 trunaistors PNP o .. 080
Q 9 7 OC'81 type transistors - .. 080
Q10 7 OC 71 type transistors .. 080
Qll 2 AC 127/128 («ompleml-m. pariTs

PNP/NPN at .. 080
Qi 3 AP 116 type tramlulon .. .. 080
Q13 3 AF 117 type transistora B .. 080
QI4 3 OC 171 H.F. type tranaistors . 0-80°
Q13 7 2N2926 8il. Epoxy tmnslslun ml\ed

colours .. .. 080
Q17 5 NPN2 x 8T. Nl &3 X STMO .. 080
Q1A 4 MADT'S2 x MAT100& 2 x MAT 120 060
QI 3 MADT'S2 x MAT 101 &) x MAT121 0860
Q20 4 OC 44 Germanjum transistors A.F. .. 060
Q21 4 AC 127 NPN Germanjun tranaistors 0-80
Q22 20 NKT transistors A.F. R.F. coded .. 0-80
Q23 10 OA 202 8illcon diodes gub-min .. 080
Q24 8 OA 81 diodes .. .. 0860
Q25 15 IN 914 8ilicon diodes 74)?]\' 75m A . 0-80
Q26 8 0A95 Ger diodey b~

ING9 .. 0-60
Q27 2 10A 600 P1IV Bmeon rvctlﬂers lﬂd"m} 0-80*
Q28 2 Hilicon power rectifiers BYZ 13 . 0-80
Q29 4 8il. transistors 2x2N696, 1 X2N697

1 x2N698 B 0-80
Q30 7 Bilicon switch tr-msmwn 2N706 NPN 080
Q31 6 Bilicon awitch transistors 2N708 NPN 0-60
Q32 3 PNP 8il. trans. 2 x2N1131. 1 x2N1132 0-60
Q33 3 Silicon NPN transistors 2N1711 .. 060
Q34 7 8il. NPN trane. 2N2369, 500MH:z

{code P397) . 0-60
Q35 3 Bilicon PNP TO-5 2x2N2904 & lx

2N2095 .. 0-60
Q36 7 2N3646 TO-18 pl:\nlc 300 MHz NPN 060
Q37 3 2N3053 NPN Bilicon transistors .. 080
Q38 5 PNP transistors 3 x 2N8703, 2x 2N3702 0-60
Q39 5 NPN transistors 3 x 2N3704, 2 x 2N3705 0-60
Q40 5 NPN transistors 3 x 2N3707, 2 x 2N3708 0-80
Q41 3 Piastic NPN TO18 2N3904 .. .. 060
Q43 5 BC 107 NPN transistors -, 080
Q44 5 NPN transistors 3 x BC108,2x BC 109 0-60
Q43 3 BC 113 NPN TO-18 transistors .. 060
Q46 3 BC 115 NPN TO-5 transistors 0-60
Q47 4 NPN high gain transistors 2 x BC l.)7. .

2x BC 168 080
Q48 3 BCY 70 PNP tranahtors TO- lﬂ .. 0860
Q49 3 NPN transistors 2x BFY 51, I1x BFY

52 0-60
Q50 7 BSY 28 NPN swltch tnmhton TO- 18 0-60
Q51 7 BSY 95A NPN transistors 300MHz .. 0-60
Q52 8 BY 100 type silicon rectiflers .. £21-20
Q53 25 .8il. & Germ. trans. mixed all ma.rked

new .. .
Q54 6 TIL 209 Red LED na Jo 11-20‘

*| UNTESTEDT.T.L. PAKs|

Manufacturers “Fall Outa” which include Functional
and part Functional Units. These are classed ag ‘out-of-
apec’ from the makers’ very rlgid specifications. but are
ideal for learning about L.C.'s and experimental work.

PakNo. Contents Price Pak No. Contents Price

UIC00 =12 x 7400 060 8x7472 0-80
0-80 8x7473 0-80

CO2 0-860 8x7474 080
VICO3 = 12x 7403 0-80 8x7475 0-60
UIC04=12x7404 0-60 8x7476 0-60

UIC05=12x7405 0-80
VICO6= B3x:408 0-60
VICO7= 8x7407 0-60
UIC10=12x7410 0-60.
UIC13= 8x7413 (80

5x7480 0-60
5x7481 0-60
5x7482 0-60

UIC20~12x7420 0-60 e ey

UIC30=12x 7430 0-80

UICi0=12x 7440 060 5x7491 0-60

UIC41= 5x7441 0-680 = 3x7492 0:60
2x7442 060 5x7493 0-60
%7443 0.0 5x7494 0-80
5x7444  0-80 5x7495 080
3x7445 0-60 IC96= 5x7496 0-80
5% 7448 0-60 UIC100=5x 74100 060
5x7447 0-60 TICI21 =5x 74121 (-60
5x7448 0-60 UICI4) =5 x 74141 0-80
2x7450 060 | UICI51=5x74151 0-60
2x7451 080 | UICI54=5x74154 060
2x7453 060 | UICI98—5x74193 060
2x7454 060 | UIC199=5x74199 0-60

Ulceo1au7480 060 | UIGX125 Amor-

UIC70= 8x7470 0-60 ted 74's 2150

MAMMOTH 1.C. PAK \

APPROX. 200 PIECES *
Arsorterl fail-ont integeated cirenits, including: Logic,
74 weries, Linear. Awlio und D. . Many coded
devices but smne upmiwked —you to iientify.

OUR SPECIAL PRICE £1.20p

WORLD scoopj

JUMBO SEMICONDUCTOR PAK
Transistors—tierm. and Silicon. Rectifiers— Dinlex
Triacs—Thyristors—1.C.'s ami  Zeners, ALL NEW
AND CODED

APPROX 100 PIECES
Offering the :(mateur a funtastic bargain PAK ant an
enormoux saving —klentification aimd  data xheet in

every pik.
ONLY £1.85p

rUNTESTED LIN PAKS

Manufacturers --Fall Quts” which include Functional
and P art Functional Units. These are classed as "out-of-
spec’ from the uukers’ very rigil specificatians, but are
ideal for learning abaout. L. Cx amd experilental work.

Pak No. Contents Price
ULIC709=10 x 708 0-80
ULIC710= x 710 0-60
ULIC741:= 7 x 741 080
ULIC?47= 5 x 747 0:60
ULIC748= 7 x 748 0-60

C280 CAPACITOR PAK

Coutsining 75 of the (280 ringe of cupacltors axsorted
in values ranging from -01nF to 2-2uF. Conrplete with |
identification chart.
FANTASTIC VALUE
OKLY £1-20p.

| SIL. G.P. DIODES |

300 uW 40 PIV (min) SUDB-MIN FULLY TESTED
Tdeal for Organ bultders
30 for 50p, 100 for £1.50, 500 for 25, 1000 for £9.

G.P. SWITCHING TRANS|

TO18 SIM. TO 2N706/8 BSY27/28/95A

Ali usunbie devices. No open and shorta. ALSO
AVAILABLE IN PNP similar to 2N2908, BCY 70
20 for 50p, 50 for £1, 100 tor £1.80, 500 for £8, 1000 for
£14.

When ordering please stat> NPN or PNP

G.P. 100 |

30 WATT GERMANIUM TO3 METAL CASE
Vcbo 80V, Veeo 50V, IC 10A, Hfe 30-170 repinces the

majority of Qer 1 power T 4 in the OC,
AD NKT range.
1-24 25-99 100+
44y 4lp 37

G.P. 300

115 WATT SILICON TO3 METAL CASE
Vcbo 100V, Veeo 60V, IC 15A, Hte, 20-100 suitable
replacement for 2N3055, BDY11 or BDY20

1-24 25-99

50p 48p 48p

H

INDICATORS |

£1.11p %

3015F Minitron 7 Segmient Indicator
MAN 3M L.E.D. 7 SEGMENT DISPLAY

0.127” High Characters £178p%
ZENER DIODES
FULL RANGE IN 8TOCK
VOLTAGE RANGE 2-33V
400 mw 15w 10 wk
8p 17p 30p
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ELECTROVALUE
CATALOGUE 7

| 0.
C e L5 including
25p Refund
\ Voucher
Semn\.o-lduu\\:ll‘ss \
e s
A\_:cssou.s
Mamnals
€ Al s le\ess
q()m\me Onaglam \ Up-dated
information

A and prices.

The best yet!

112 pages (plus covers) and our best yet! Practically all
items in catalogue 7 are there as the result of information
fed by our computer, enabling us to control stock-buying in
relation to demand with greater accuracv and real benefit to
customers. This means that your orders, which we micro-
film for record keeping, are handled with utmost speed and
efficiency. EV prices remain keenly competitive and with
our new 3-month period price-stabilization policy, you can
order in confidence. In addition there are discounts as well,
to give you further savings.

Send 30p now for EV Catalogue 7 Issue 3. It includes
a refund voucher for 25p allowable on orders for £5
or more list value.

PRICE STABILIZATION

As from April 1st, Electrovalue prices are held for periods of
3 months without change (except in cases of violent
market fluctuation) and reviewed thereafter at the end of
each 3 month period instead .of making day to day changes.

DISCOUNTS

Available on all items except for a few shown at NETT
PRICE

B9% on orders from £5 to £14.99 list.

100/0 on orders £15 and over.

WE PAY POSTAGE

and packing in U.K. (except Baxandall speaker cabinets)
For mail orders for £2 list value and under, there is an
additional handling charge of 10p.

GUARANTEE OF QUALITY

All items guaranteed fully to makers’ specifications.
Everything brand new—no ""seconds”, makers’ rejects or
clearance offers.

ELECTROVALUE 1o

Section 6/4 28 St. Judes Road, Englefield Green, Egham, Surrey
TW20 OHB Telephone Egham 3603 Telex 264475
All mail orders and communications to above address
® NORTHERN BRANCH
680 Burnage Lane, Manchester M19 1NA. Tel: 061-432-4945
Hours (both addresses) 9.00-5.30. Saturdays 9.00-1.00 p.m.
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“l MADE IT MYSELF”
Imagine the thrill yow'll feel ! Imagine how impressed A
people will be when they're hearing a programme on a =
- modern radio you made yourself.

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

Practical lessons teach you sooner

than you would dream possible.
What a wonderful way to learn - and pave the way 10 &
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-
enis — 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).

POST
TODAY FOR
FREE BOOK

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 matier what your background
or education, we’ll teach you. Step
by step, in simple easy-to-understand
iinguage, you pick up the secrets
of radio and electronics.

You become a man who makes
things, not just another of the
millions, who don’t undersiand.
And you could pave the way 10 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 oui
famous courses go right up to Ciny
& Guilds levels.

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

To: ALDERMASTON COLLEGE

DEPT. CRE 10, READING RG7 4PF
Also at our London Advisory Office, 4 Fore Street
Avenue, Moorgate, London, EC2Y 5EJ Tel: 01-628 2721

1€3, 1'0 I1ke 10 KNOW MOare anoul your course. riease seng
me free details—plus your big. 76-paye pook that telts
about alt your courses.

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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A new range of plastic cases, attractively
finished in light grey ABS with aluminium
front and rear panels. Provision is made for
both vertical and horizontal mounting of cir-
cuit boards.

These boxes have proved popular in industry,
and are now available to the home constructor.
High quality mouldings give projects the “pro-
fessional’’ touch.

VERO FOR THE

HOMBEONSTRUCHOR

"For the more advanced project, this Card
Frame/Case accepts plug-in modules and boards.
Finished in natural anodised aluminium with
light blue PVC coated covers.

FEIG

A further new Case range. PVC-clad steel,
“’knockdown’’ form, modern styling, five sizes.

VERO ELECTRONICS LIMITED, INDUSTRIAL ESTATE, CHANDLER'S FORD, HAMPSHIRE, SO5 3ZR

Telephone Chandler's Ford 2952

Cables Veroelec Southampton

Telex 47551

OCTOBER 1975
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Pricelist free with sae.
Product info folder 40p

ED.

—20 -0 0 —10 -20KH

o * "“a

ot ceramic FM

- IF filter 40p.
EF5600: Varicap FM tunerhead. : P- 518 VH

AFC/AGC/MOSFET input. £10.00. Poggre s S LU I I o

Ambit is the wireless specialist. We supply tuners, tunerheads, components, modules

and accessories specifically to provide a ‘one stop’ wireless constructor’s source.

Tuning Accessories:

WS150 150mm WW slider pot for
direct scale readout... .. .. .£3.00
9932 6 button preset pot. bank for
pretuned station selection. .. .£3.40
Meters (illuminated) for frequency,
sig. strength, tuning:. .. £2.50 each
Selection of 78 series voltage regula-
tors for total stability, see lists.

AMBIT INTERN ATION AL 37 High Street, Brentwood, Essex.

All prices quoted exclude VAT. Postage 20p per order. Min CWO £2. Min. invoice £7.50.

F coils

Here’s a brief selection from our full FEM radio System:

range of ICs, components & modules:  Larsholt 7252 tunerset. An’electron-
AM radio system: ically tuned 88-108 MHz receiver
EC720 varicap tuned MW radio tuner ~ module. 1uV for 26dB S/N, mute,
with ceramic IF filter, and IC signal AFC, AGC, ‘scan and hold’, meter
processing system. .. .. kit £8.00. outputs for signal strength, tuning &
Three gang tuning diodeMVAM1 : frequency indication. Built and tested
£2.75 each. 2 gang MVAM?2: £1.05.  for £24.00.

Gardners low field trapsformer,
ON YOUR OWN ™v 6~Cl.s. 10-transistors nhl:s.
Play three exciting ——— diodes, etc. Designed by
electronic ball games
FQOTBALL, TENNIS,

| Have you seen o IERAT ] srento Awpuren
{ thisyears most important ‘

ATy
Texas Instru-ments; g o

€ngineers for Henry's p-
iﬁi P.W. 1972. Overall size 3
154 x 2} x 6} in. Mains operated. Free tebk sleeve
with every kit.

£29.95 (p: & p. 50p)

(also bulle and tested £39.95) ¥
i 6 S ETEXAN STEREO FM TUNER
OUR |NCRED|BLE PRICE Features capacity diode tuning, LED and tuning meter

H Indicators, matns operated. High performance and
£29.50 inc VAT Ll o o S Y
DEMONSTRATIONS NOW IN ALL CENTRES! "

Complete kit with teak sleeve.
CIAL OFFER

HOLE IN THE WALL ot
your own TV! Just

plug Video Sport into
the aerial socket of
Your TV and away you
foA Completely safe

or you, your children

component catalogue yet?

£26.25 (p. & p. 50p)

GARRARD CT48TEREO (_:ASSETfE (alsobuilt and tested €31.20)
TRANSPORT MECHANISM

Features:
+ Built n Motor Stablliser 4 12v DC ‘Operation. 1
* AuteStop  Eject. L
Robust.  precision  engincered N
mechanism based on the “STARR™
it

Don‘t buy another electronic component until you've consulted the
Henry's 1975 issue! It's packed with more items than ever before —
over 5000 in all, making the Henry's range of electronic components
the largest in the UK for the home constructor.

There are literally dozens of new lines and new ranges to get excited
about! And many components are selling at reduced prices. Get your
copy soon, and start reading these 200 pages of vital statistics about
electronic components, If you don’t, you'll miss out on a lot of kits,
projects and test gear, apart from all the other products.

625 line recerver UHF transistorised tuners UK,
operation. Brand new. (Post packing 25p each)
TYPE A variabie tuning slow motion drive £3.50.
TYPE B 4-button push button (adjustable) €4.60.
TYPE C variable tuning €2.90.

patented design. Ideal for use in Car
stereo cassette players, HI-Fl sterco
cassette recorders. industrial and 9
many other applications. Suitable t TYPE.O 6-butt HF,

f PW" A (cr 5 - -button UHF/VHF tuner £6.76
o i et et e AVO MOVEMENTS new condition £6.50

£13.50 incl. VAT P. & P. 35p s WY
AM/FM MODULES vrri173 LP117

: o >
ONLY 50p Complete with FREE to Educational Combined AM/FM tuner modules, together with a LP;:‘H combined IF strp (4.0
t i small number of R + C’s Ferrite Aerial. make up LP1179 FM front end an
PR FBEE 50p | Establ,s_tlments when ordered R A A pré A ﬁ
P | Discount Voucher! | on official headed notepaper. & Volts supply, supplied with data and circuit  £B.62 the pair.

. le ial 87p.
Get your copy NOW - send remittance of 70p (cheque or P.O.}.. ALL HENRY'S PRICES I%‘L%SDE"{K:" s

MIDLANDS 'NEW ELECTRONICS STORE . Electronic Centres e 2
QOPEN: 34/95 UPPER PARLIAMENT 404-306 Electronic Componer’ s & Equiament 01-4028381| A’ Frand
STREET, NOTTINGHAM. TEL: (0602) 40407

354 PA-Disco-Lighting High power Sound 01 402-5854 Electromcs
n 303 Special offers and bargains store Centres Open
LONDON: 231 TOTTENHAM COURT RD. . Altmaiito 303 Edgware Road London W2 18W S0 6% 8

W1. HOWER SALES FLOOR) RADIO Prices correct at time of preparation Subject 10 change withaut notice € &0 E

- sheets.
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Bargains in Sem

Bargains from our FREE Catalogue

20 large pages, filled with real bargains in transistors, 1.Cs, components,
equipment, etc. Send large S.A.E. with 7p stamp for your FREE copy of
6th Edition by return. Meanwhile, for prompt delivery order from this month’s

ad. NOW.

B73% 4 IN4OO7  Sil. Rec.
diodes. 1,000PIV
1 amp. plastic

881 10 Reed Switches, 1"
fong %" dia. High-
speed P.O. type

H35 100 Mixed Diodes, Germ.

TRANSISTORPACKSALL 60p each
TESTED AND GUARANTEED

H39 6 Integrated circuits
4 gates BMC 962,
2 flip flops BMC 945

Ha1 2 B8D131/8D132
Complementary
Plastic Transistors

-Gonductors,component

,modules- & equipment.

challenging values!

= o hmmin cnite
STIRLING ¥ s basic units
assembled on P.C.Bs enabling you to a2dd required components in
layouts of your own choice. Modules are tested and boxed before
despatched and include well printed instructions.

Gold bonded, etc. P 45 WL AL A
ransistors TO-5 can
it gl comp. o HE AMPLIFIER MCDULES
H38 30 Short lead Transistors, HE6 4 40362. Type PNP Sil. Pre-amplifiers: tone control

NPN Silicon Planar

Teansistors TO-5 can

camp. 10 o 100 Mie T i ) e e
UNMARKED & UNTESTED S e ey
n - AH . - u arr e, tape
81 50 ﬁ,?;?%";?‘;‘;’;:;ﬂ? H20  2() g:glfr‘fe/;’.r:"’eag':_c"" i o, With, RAAA. comection - 1dB ‘at 1K £2.25
B66 150 Germanium Diodes plastic. Mixed volts
Min. gl i
g 100 e SR T I |7 AR g POWER AMPLIFIERS

glass equiv. to OA200.
0A202
B86 Dil. Diodes sub. min.
100 IN914 and IN916
types

conTO-3 Can

H67 10 3819N Channel FET's
plastic case type

P & P add 33p

IN STOCK!

CAPACITOR DISCHARGE
IGNITION UNITS
Transistorised. Simple to Fit.
Improves performance, cuts fuel

kit or complete :Ii(')mplele £7.93-.
OVER 1,000,000 TRANSISTORS

%
Operates from 3 U.2 type batteries

{extra). a "
d ill
untony  £9.93@

MNFRS. AM/FM CHASSIS
To clear. NO instructions or tuning
drives, useful for experimenters, Not
100 difficult to get working. Make

§5.103

Compact I.C. amp. with 3 watts R.M.S. output.
Operating voltage 610 22. Size 33" x 2"

$5.103-3 Stereo version of above using one 1.C. on each
channel

£1.75
£3.25

8$8.105 A compact and useful ali-purpose amplifier which
SI LICON POWER TRAN SISTO Rs__ MK.2. will run excellently on a 12V supply. With 5 watt
* gutput, two make a good stereo amp. Size 23" x 13" £2.25
i A [} ot} Ve PLASTIC | $S.370  Similar in size fo SS.105 but with a 10 watt
45‘;‘“ 15' 15 NPN 20p MK.2. output. Ideal for many domestic and small-size
A 20 e R 0p P.A. applications. Operates from 26 to 32V. £2.75
40P1 15 15 ‘PNP 20p $S.140 Excgllemly designed 40 watt R.M.S. (into 4 ohms)
40P2 a0 40 PNP 30p hi-fi amplifier. S/N ratio better than 75dB. THD
90 WATT . better than 0-2%. Power requirements—456V. d.c.
9ON1 5 15 NPN 25p With 0-15" centre edge connections. Two can be
0N2 40 40 NPN 35p bridged to give 80 watts R.M.S. into 4 ohms £3.60
90P1 15 15 PNP 25p
80P2 40 40 PNP 35p THE MODULES TO 8BUILD A STEREO F.M. TUNER
NEW X-HATCH GENERATOR Mk.2 | %" & o ) ! ettt
= . ed slow-motion drive in rugged housing. Excellent
2 ial for Colour T.V. alignment sensitivity. Tunes 88-108MHz. With A.F.C. facility.
3 of 4 patterns. Featuring plug in IC's Operates from 6V—16V £6.25
and a more sensitive sync. pick-up $S5.202 L.F. stage (with I.C.) Pre-tuned. A.F.C. connection.
circuit. The case 1s virtually unbreak- Operates from 4-5 10 14V. £5.25
able—ideal for the engineer's tootbox ; 4
i only measures 3 x 53" x 3" $5.203  Stereo Decoder. Designed essenttally for use with

$5.201 and 2. this module can also be used in most
mono FM tuners. A LED may be attached. Operating
voltage 9-16V. d.c. £5.62

POWER SUPPLY STABILIZER

$5.300 Add this to an unstabilised supply {say typically
45V, output) to oblqin a steady powerful working
output adjustable from 12 to 60V. Essential for your
audio and special systems. Money saving and very
reliable. !deal for workbench use.

MAINS TRANSFORMERS FOR ABOVE

£1.25 @

costs good portables Add 38p P. & P. per transformer

P & Padd 27p £7.500 EacH £1 Type A 18v/1A (Suit §S.103) £1.50
- Type B 25v/2A (Suit SS. 110) £2.00

SUNDRY Type C_ 30v/2A (Suit SS. 140) £3.25

Bridge Rectifier Type A 27p Type B/C 38p

STIRLING SOUND DISCO
MINOR

Fully transportable. Console fitted twin turntables with cross fade.
monitoring, L-R cueing. mic. with over ride. Ampower 40 loudspeaker
has built-in mains powered 40 watt RMS power amp. Up to 10 Am-

Metrication Pocket Charts 12p. B assorted relays £1 00 (8-, ). Rev. counter
device (for cars) £1:00. U.H.F/TV Tuner Units, 625 lines. Rotary Tuning £2-50.
1.M.380 Audio | C. £4-00 and technical books of all kinds.

TERMS OF BUSINESS

V.A.T. Prices shown do NOT include V.A.T. Please add 25", to total value
of your order, except for items marked with a ® or (8%) for which
the V.AT rate is 8%. No V.A.T. on overseas orders. .
POSTAGE Except where stated, add 22p for postage & packing in
UK. S d i

d £1, any being charged or power may be added. With one Ampower and console £100
PAYMENT vglugdeg‘.h order. Cheque or money order. Minimum value: £1 plus V.AT."at 25%. Carr. UK. £3.50 (8%) $5.300
ash wi 5 5 —£1. :
You can also pay by ACCESS. r------------

IMPORTANT——Every effort is made to ensure accuracy of prices and To BI-PRE-PAK. 224-226 WEST RD. WESTCLIFF-ON-SEA, ESSEX

at time of prepating this and going to press.
Prices are subject to alteration without notice.

7.0 Reu No 820119

222 224 WEST ROAD,WESTCLIFF-ON-SEA,ESSEX S50 9DF.
TELEPHONE: SOUTHEND (0702) 46344.

Please send .

for which | enclose.

.inc. VAT I
Name o= l

I Address

|
I-----———----Ri:-u

WRITE ORDER SEPARATELY AND ATTACH COUPON IF REQUIRED
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<> CHINAGLIA

PROFESSIONAL QUALITY
E . TEST EQUIPMENT
MINOR ..
= 33 RANGES @ ROBUST CLASS 1.5 PRECISION MOVEMENT
% ;E.‘-é 20k Q/Vd.c. : ?giAUc;?ACY 2.5%D.C.AND 3.5% A.C.
s % akQ /Va.c. NTH GUARANTEE
e 2
E

@ SELF-POWERED AND POCKET-SIZED
@ OPTIONAL 30kV.D.C. PROBE

PRICE £19.00 Inc. VAT (P. & P. 80p)
PROBE £9.50

For details of this and the many other exciting
instruments in the Chinaglia range, including
multimeters, component measuring, automotive
-and electronic instruments please write or

telephone:

e (U K ) l'I' 19 Mulberry Walk, London
“TRADE ENQUIRIES WELCOMED 1AY] s

SW36DZ Tel: 01-352 1897

_—

. 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
PRICE

RESILIENCE of the Cords. Any
slack that

may develop s
immediately compensated for
£1 00 and the
[ |

Cords will always
remain taut and strong. It is

impossible 1o overstretch the
including V.A.T.
Available only from:—

- Data Publications Ltd.

safety chegk
device is fitted to each.
P. & P. 20p
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. at least, to Home Radio Components you are. I'm thinking of
their Credit Account Service. They have of course always run ac-
counts for supplying firms, colleges and Government Departments,
but for years it was impractical to provide the same facilities for in-
dividuals. However, Home Radio Components have always looked
upon their smallest customers just as important as their biggest, and
after much thought and planning they devised a Deposit Credit Ac-
count matched to the needs of the small individual buyer.

The service is very convenient in many ways. For instance, thanks
1o their answer-phone service exclusively for the use of Credit Ac-
count customers, you can take advantage of the cheap phone rates
after 6 pm week-nights and any time Saturday and Sunday. You not
only save money, but you can often get your components much
quicker. Briefly, the Credit Account Service works like this — you
pay a deposit {you choose the amount) and you immediately get
‘credit for double that amount. Home Radio then send you special

Today’s finest Compdnents
\ Catalogue 85p plus 33 packine

POST THIS GOUPON

with cheque or PO.for £1-18

The price of £1.18 applies only to customers in the U.K. and
to BFPO Addresses.

HOME RADIO (Components) LTD. Dept. RC, 23

Please write your Name and Address in block capitals

P
I
|
| ADDRESS o
I
|
|
|
|
L

order forms and pre-paid envelopes, and advise you each month
how much you have spent. You save quite a bit on postage costs,
and having to draw only one cheque or P.O. a month makes quite a
worthwhile additional saving. No wonder nearly 1000 customers.
are already using this service. Why not join them and save yourself
money and frustration? First you will need the Home Radio Com-
ponents catalogue. No constructor should be without one! For a
book having 240 pages, listing about 6,000 components, il-
lustrating nearly 2,000, the price of 85p is modest indeed. True,
postage & packing adds another 33p, but every catalogue contains
vouchers to the value of 70p when used against orders.

Full details of the Deposit Credit Account and an application form
are included in the Catalogue. To take your first step to simpler,
quicker component buying send the coupon with your cheque or
P.O. for £1.18 today.

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

4 Regd. No. 912966, London
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VERSATILE

LIGHT ALARM

By J. R. Davies

‘This device turns itself on automatically at a cer-
tain light level, then produces an a.f. tone whose fre-
quency varies with light intensity. It can be readily
assemgled on the piece of Veroboard which is given
free with this month’s issue.

In this issue we are presenting a free Veroboard for
the use of readers. The Veroboard is of 0.15in. matrix
.and has 7 copper strips each with 16 holes. The board
can be employed for quite intricate circuits and,
doubtless, many readers will wish to assemble their
own designs on it. For those who prefer to work to
published designs, we are describing two projects in
this issue whicﬁncan be assembled on the Veroboard.
'Iihe first of these projects appears in the present arti-
cle.

The majority of constrictors will nowadays have
had experience in handling Veroboard, and t.Key will
be aware of the usefulness of this material. The
copper strips can be cut at any hole, with the aid of a
Vero spot face cutter or a twist drill of suitable size, in
order to set up the particular circuit pattern required.
Component lead-outs are passed through the holes in
the board and can then be readily soldered to the
strips. A small soldering iron of around 15 to 20 watts
rating is preferred, and it is essential to use a radio-
type resin-cored solder such as Ersin Multicore or

avbit. A paste or liquid flux must never be used, as it
will leave a harmful residue.

LIGHT ALARM CIRCUIT

The circuit of the light alarm which forms the first
Veroboard project appears in Fig. 1. This employs a
photoconductive cell type ORP12, the resistance of
which changes according to the light incident on it. In
total darkness the ORP12 resistance is 10MQX or
more, and when fully illuminated the resistance drops
to a figure of some 75 to 300Q . Thus, the resistance of
the ORP12 decreases as the light falling on it in-
creases,
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Fig. 1. The circuit of the light alarm. This
produces an audible tone whose frequency
varies with illumination of the ORP12. It also
turns off automatically when the illumination
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falls below a certain level
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The ORP12, in series with R1, couples to the
emitter of the unijunction transistor, TR1. This acts
as an audio oscillator in the following manner. Assum-
ing for the moment that R2 is not in circuit, C1
charges via the ORP12 and R1 until the voltage on its
upper plate reaches the emitter triggering level of
TR1. At this level the transistor gives a negative
resistance effect which causes the capacitor to dis-
charge rapidly into R4, R5 and the base-emitter junc-
tion of TR2. After this discharge, C1 commences to
charge again until the voltage across it reaches the
emitter triggering level once more. Again it discharges,
and then once more it starts to charge. This process
repeats continuously, causing a series of pulses to be
given at the base 1 of the transistor. The repetition
frequency of these pulses depends on the resistance of
the ORP12 and R1 and on the capacitance of C1. Both
R1 and Cl are fixed, whilst the resistance of the
ORP12 changes with light intensity. In consequence
the pulse frequency increases as the intensity of the
light incident on the ORP12 increases.

This is because the resistance of the ORP12 then
decreases, and C1 charges more quickly.

Between pulses, a small standing current of about 1
to 2mA flows between the base 2 and base 1 of the
transistor.

Transistor TR2 is a silicon power transistor which
becomes conductive when its base is taken positive of
its emitter by approximately 0.6 volt. Between the
pulses from TR1, the base of TR2 is at a lower poten-
tial than 0.6 volt and so it passes no collector current.
On the other hand, the pulses from TR1 take the base
of TR2 up to the potential needed for the transistor to
turn on, and it passes a heavy collector current when
the pulses are present. If a 30 speaker is connected to
the “Speaker” terminals, the amplified pulses from
TR2 flow through it, the series resistor R6 limiting

COMPONENTS
Resistors

(All  watt miniature 10% unless otherwise stated)
R1 10kn
R2 100kQ
R3 4700
R4 10002
R5 180Q
R6 102 wire-wound, 2} or 3 watt

' Capacitors

Cl1 0.1« F, type C280 (Mullard)

C2 100uF electrolytic, 10V Wkg., subminiature
{Mullard)

Semiconductors
TR1 2N2646
TR2 BD124

Photoconductive Cell
PC1 ORP12

Miscellaneous
Veroboard, 0.15in. matrix, 7 strips by 16 holes
3 Q speaker
9 volt battery
Battery connector clips
4BA solder tag -
4BA nut and bolt
Wire, sleeving, etc.
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Mounting the light alarm components on the
Veroboard results in a neat and functional final
assembly

their amplitude to about 0.6 amp. The speaker then
produces an audible tone having the same frequency
as the pulses from TR1.

As has been noted, TR2 passes no current between
pulses. As a result the average dissipation in this tran-
sistor is low. A power transistor is specified
nevertheless, in order that the relatively high collector
current pulses may be passed, but it does not need to
be mounted on a heat sink. Similarly, resistor R6 is
specified as a 2} to 3 watt wire-wound component
because of the high level of the current pulses it
passleis. As with TR2, the average dissipation in R6 is
small.

Up to now, design functioning has been considered
with the assumption that R2 is not in circuit. If we
now take this resistor into consideration, there is an
added effect on circuit operation. The ORP12, R1 and
R2 form a potential divider, and if the ORP12
presents a hig{: resistance the potential at the junction
of R1 and R2 will be lower than the emitter triggering
level of TR1, whereupon C1 cannot charge up to that
level. In consequence TR1 does not produce any
pulses and TR2 is continually turned off. If the
resistance of the ORP12 is reduced (by allowing more
light to fall upon it) the potential at the junction of R1
and R2 will rise above triggering level and TR1 will
then commence to oscillate. Thus, below a certain
level of illumination of the ORP12 the circuit is com-
pletely turned off, the only current drawn from the 9
volt supply being the 1 to 2mA standing base 2 to base
1 current in Tﬁl together with the much smaller
current flowing through the ORP12, R1 and R2.
Should the level of illumination of the ORP12 be in-
creased, the circuit will commence to oscillate, the
frequency rising with increasing light intensity,

With tKe component values siown, the circuit will
be turned off in a fairly dark room but will at once
commence to produce an audible tone if the room.
li%lt is switched on or if a torch is shone on the
ORP12. The circuit may, in consequence, be
employed as an intruder alarm. It can also be used as
a morning alarm. If positioned near a window it will
cause a tone to be generated as the outside light in-.
creases at the start of the day. Other applications,
mainly of a novelty nature, will readily suggest
themselves to the reader.

The tone emitted by a 30 speaker coupled to the
device is at a high volume level. If the ORP12 is il
luminated by a 100 watt lamp some 8ft. away, the
frequency of oscillation is of the order of 1kHz. At this
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frequency, current consumption from the 9 volt supp-
ly is approximately 18mA. The consumption reduces
as frequency reduces; and it increases, to a maximum
of some 23mA, when the ORP12 is highly illuminated.

The function of capacitor C2 is to ensure that a low
impedance is always present across the supply rails. If
this capacitor were omitted, the audible output of the:
circuit would reduce due to increasing internal
resistance in the 9 volt supply battery as it ages. In
Fig. 1, the two transistor lead-out insets show the tran-
sistors with their lead-outs pointing towards the
reader. The metal case of the BD124 provides its
collector connection.

CONSTRUCTION

A good idea of the general assembly can be gained
from the accompanying photographs. As may be
noted, both the ORP12 and TR2 are mounted by their
lead-outs with their bodies above the surface of the
Veroboard. The component and copper sides of the
board are illustrated in Fig. 2, in which diagram the
holes are given letter and number references to assist
in explanation.

First, take up the Veroboard and cut the strips at
holes B11, C3, D7, E3, E10 and F6. Fit and solder
bare wire links between G1 and El, and between C1
and B1. Similarly, fit and solder insulated wire links
between E6 and C6, and between E11 and All. The
link between E6 and C6 should be curved slightly, to
leave hole D6 clear.

Components are next fitted, each component lead-
out being soldered to the appropriate copper strip
after it has been inserted and the component set to its
final position. Also, excessive leads projecting under
the board are snipped off after soldering. Fit R2
between C5 and A5, Cl1 between C7 and A7, R1
between E9 and B9, R5 between D10 and A10, and R6
between G6 and F10. The four resistors are all fitted

Bare wire links + under Sleeving
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Fig. 2. The component and copper sides of the

Veroboard assembly. The holes are given letter

and number references to assist in describing
construction
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The light alarm board, as seen from the other
side

flat, i.e. their bodies are horizontal. Capacitor C1 is
mounted by its side wires. Next fit R3 between G4 and
F3, with its body vertical, as shown. Similarly fit R4
between D8 and D6 with its body vertical. Take a
piece of thin flexible insulated wire about lin. long
and solder one end to a 4BA solder tag. Solder its
other end at B12.

Take up the 2N2646 unijunction transistor, gently
splay out its lead-outs and put. the base 2 lead-out
through F5, the emitter lead-out through E4 and the
base 1 lead-out through D5., Solder these three lead-
outs. Pass the two OI%PIZ lead-outs through E2 and
C2, and position the ORP12 so that it is spaced away
from the board by about {in. Solder its two lead-outs.

Prepare four thin insulated flexible wires, each
about 1ft. long. These are for connection to the 9 volt
battery and the speaker. Longer leads may be
emgloyed, should this be desired. Solder these wires
to G16, F16, B16 and A16 respectively.

Take up the BD124, and id%ntify' its emitter and
base lead-outs from the inset in Fig. 1. Using a short
4BA bolt and nut, affix the solder tag from hole B12 to
the mounting hole of the transistor which is further
away from the emitter and base lead-outs. Then pass
the emitter lead-out through E14 and the base lead-
out through D15. Position the BD124 so that it is
spaced from the board by about iin. then solder its
emitter and base lead-outs. y :

Take up C2 and pass a lenﬁh of sleeving %in. long
over its negative lead-out. (This lead-out is common
with the capacitor can). The capacitor is mounted ver-
tically between G11 and E12 as illustrated, with its

ositive lead-out at G11. First bend over the negative
ead-out and then fit the capacitor. The purpose of the
sleeving is to insulate its negative lead-out from the
metal case of TR2.

OPERATION

The assembly of the light alarm is now complete.
Make a careful check to ensure that all parts have
been fitted correctly and that all solder joints are of
good quality. Make certain that no two adjacent
copper strips have been short-circuited together by
stray “blobs” of solder.

If all is well, connect the leads from F16 and B16 to
a 3Q speaker. Connect the lead from Al6 to the
negative terminal of the'9 volt battery, and that from
G16 to the battery positive terminal. A loud tone
should at once be audible from the speaker. Pass a
hand over the ORP12. The frequency of the tone
should change as the light intensity on the ORP12
varies. Unless the room is very brightly lit, it should
be possible to cause the oscillation to cease by cupping
the hand over the ORP12 without touching it.

The light alarm is now complete and ready for use.
After a little experience, the constructor will soon be
able to assess the conditions of light and darkness
which are required for reliable operation. ™)
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“REGENT PUBLICATIONS gl N

RADIO CONSTRUCTiON FOR AMATEURS. By R. H. Warring. 128 pages, 220 x 135mm.
(8% x 51in.) Published by Pitman Publishing Ltd. Price £2.00

This book is intended for the real beginner.and it deals largely with simple a.m. receivers and af.
amplifiers. After introductory chapters describing the basics of a.m. transmission and reception, and
technical terms and component symbols, the book carries on to simple crystal sets. Tuned circuits are
next dealt with, and further chapters are devoted to amplifiers, a.f. output stages, transistor biasing,
tr.f. receivers, regenerative and reflex receivers, and superhets. A relatively long and useful chapter
discussing components follows, together with two final chapters covering circuit construction, field
effect transistors and integrated circuits.

PRINCIPLES OF TRANSISTOR CIRCUITS, bth Edition. 8y S. W. Amos, B.Sc., C.ENG,
M.L.EE. 328 pages, 220 x 135mm. (84 x 5% in} Published by Newnes-Butterworths. Price
£3.20.

This is the 5th edition of Principles of Transistor Circuits, the 4th edition having appeared in
1969. The book has been kept up to date by the inclusion of more information on circuits using f.e.t.'s
and the expansion of the treatment of switching circuits. Various small changes have also been made
to eliminate dated information or to simplify and clarify the text.

The book starts with semiconductor physics and the basic principles of transistor operation. The
main body of the book then deals in depth with transistor circuit design in amplifiers, oscillators,
detectors, frequency changers, pulse and sawtooth generators, and digital applications. _

Since the appearance of the first edition in 1959 the book has been adopted by many technical
colleges as a standard course text. It has appeared in special editions in America and other countries,
and in languages other than English. This present edition brings a work which has thus already been
widely accepted fully up to the present time.

BEGINNER’S GUIDE TO COMPUTER LOGIC. By Gerald F. Stapleton. 196 pages, 220 x
135mm. (8} x 5%in.) Published by Foulsham-Tab Ltd. Price £1.60.

This title comprises an American text with an introductory chapter for English readers. The book is
divided into two parts, the first of which deals with the understanding of computer logic whilst the
second describes logic projects which can be built by the amateur constructor.

Binary notation, logic operations, electronic logic circuits and logic applications are all dealt with in
Part 1, which gives a clear and well illustrated explanation.of its subject. An unusual technique is the
provision in the text of ‘key’ paragraphs printed inside a heavy black border to draw attention, each
paragraph giving a condensed summary of the concept being dealt with. This approach is useful in
allowing pre-digestion of the matters being described as well as offering quick reviews when referr-
ing back to earlier points.

The projects described in Part 2 range from simple to quite complex circuits, and they are used to
demonstrate specific logic-operations. The first circuits to be described employ discrete components,
the second employ r.t.l. integrated circuits and the third d.t.l. circuits. The projects allow a large
number of experimenta! logic operations to be carried out including, for example, those for shift
register and serial adder.

GETTING THE MOST OUT OF YOUR ELECTRONIC CALCULATOR., By William L.
Hunter. 208 pages, 220 x 135mm. (8% x 53in.) Published by Foulsham-Tab Ltd. Price £1.85.

Now that pocket electronic calculators with their fantastic 1.s.i. chips are becoming continually less
expensive, any reliable information on their use is of value. The present volume, another book in the
Foulsham-Tab list, deals with the use of calculators in an interesting and helpful manner. The book is
concerned entirely with the operation of calculators and not with the functioning of the electronics in-
side.

Procedures for a very wide range of types of calculation are described including working with frac-
tions, sales tax problems and conversion of metric to U.S. standards. The final chapter deals with
American income tax calculations and has an academic interest only for the English reader.

The book is written in a comfortable style and offers an easy read, especially for those who are in-
terested in numbers and problems with numbers.
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SUGGESTED CIRCUIT

299

The ‘Tantaliser’ — an

electronic game

By G. A. French

Electronic games can offer quite a
good deal of amusement, particularl
where a contender has to exercise skill
in winning. The game to be described
in this month’s “Suggested Circuit’”’
falls into this category, and it Presents
simple operating rules without any ele-
ment of chance.

On the front panel of the case hous-
ing the game circuitry are an on-off
toggle switch, a push-button, a light-
emitting diode and a meter. After the
unit has been switched on the l.e.d.
commences to become illuminated at
regular intervals. If the push-button is
pressed when the l.e.d. is extinguished
a capacitor inside the unit starts to
charge and the needle of the meter,
which monitors the voltage across the
capacitor, moves at a readily visible
rate from zero towards the full-scale
deflection end of its scale. Should the
button be released, the meter needle
remains at the position it held at the
instant of release. If, however, the but-
ton is pressed when the le.d. is alight
the capacitor discharges at a markedly
higher rate than that at which it
previously charged. The object of the
game is to take the meter needle up to
or beyond f.s.d. as quickly as possi}l;le
1.e. for the lowest number of flashes in
the light-emitting diode.

This calls for two qualities on the
part of the contender. If he is to charge
the capacitor rapidly he must have a

uick reaction time so that he presses
the button as soon as possible after the
le.d. has extinguished. The second
quality is a good sense of timing, allow-
ing the button to be released Jjust
before the le.d. becomes illuminated
again. With a good sense of timing the
contender can cause the capacitor to
acquire a high level of charge during
each period that the l.e.d. is ex-
tinguished, But if at any time he
releases the button just fractionally
too late the le.d. will light up whilst
the button is pressed, the capacitor
will discharge at a rapid rate, and the
contender will have lost much of the
ground he has so far achieved.
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This is one of the tantalising
elements which give rise to the title of
the game. A second tantalising feature
is that the movement of the needle
towards f.s.d. is slower as the f.s.d.
level is approached. Needle movement
is still readily perceptible but its
reduced speed makes the fs.d. point
tantalisingly more difficult to achieve.
When fs.d. has been reached, the
meter needle will remain in this posi-
tion provided the push-button is not
inadvertently pressed again while the
le.d. is alight. Switching the unit off
and then on again discharges the
capacitor and allows another game to
commence. The meter sensitivity can
be pre-set to vary the possible time in
which f.s.d. ean be reached. What is
probably the most attractive adjust-
ment is one which allows a reasonably
skilled operator to obtain the f.s.d.
reading after pressing the button about
10 times, but this figure is not man-
datory and the circuit.can be set up for
successful completion at any number
of button closures from about 6 to 14,

THE CIRCUIT
The circuit employed in the game

appears in Fig. 1. The first point to.

observe is that transistor TR2 and
zener diode ZD1 allow a stabilized
voltage of about 9 volts to be available
for the remainder of the components.

IC1 is a 555 timer, and it is con-
nected up in a standard ast.ble mul-
tivibrator circuit. The timer output is
given at pin 3 and this output is high
when C1 charges via R1 and R2, and is
low when C1 discharges via RZ on its
own. Thus, during the cycle, the time
when the output is high is longer than
that when it is low. The output con-
nects via current limiting resistor R3
to the light-emitting diode LEDI.
This is extinguished when the timer
output is high, and lights up when the
timeér output is low.

The output of IC1 also connects to
the push-button S1, the contacts of
which close when it is pressed. The

‘charge (“goo

—2

capacitor which becomes successively
more and more charged as the game
procceeds is C2. If S1 is pressed when
the timer output is high, a charging
current flows into C2 via R4, with
diode D1 being reverse-biased. If, on
the other hand, the button is pressed
when the timer output is low, diode D1
becomes conductive and provides a
rapid discharge path, in parallel with
R4, via R5. For D1 to conduct, the
capacitor has to have a voltage across
its plates which exceeds the 0.6 volt
forward voltage drop across D1 plus
the small voltage at the timer output in
the low condition, but in practice C2
very soon acquires this potential.
The situation as so far described can
now be summed up. When the timer
output is high the l.e.d. is extinguished.
If S1 is pressed, a charging current
flows into C2 via R4. When the timer
output is low the l.e.d. is illuminated,
and closure of S1 contacts causes C2 to
be rapidly discharged via D1 and R5.
This meets the basic game re-
uirements described at the start of
&e article. It has also been shown that,
during the cycle, the l.e.d. is alight for
a shorter period than that during
which it is extinguished. This factor is
psychologically attractive, since the
3,") condition is longer
than the discharge (“bad”) condition.
The voltage across the capacitor is
monitored by the voltmeter given by
TR1, R6, R7 and meter M1. TR1 func.
tions as an emitter follower and its
base presents a very high resistance to
C2. If this capacitor is a good quality
modern component with a low leakage
current it should be found that the
voltage across it remains constant, or
very nearly constant, for a long period
after S1 has opened. Thus, the meter
reading remains unaltered, or at worst
substantially unaltered, after S1 has
been released. The capacitor employed
by the author in the prototype circuit
was a Mullard type C437, and there
was no significant shift in voltmeter
reading after the button had been
released. The voltage across the

RADIO & ELECTRONICS CONSTRUCTOR
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Flg. 1. The circuit of the *Tantaliser”. The aim Is to press S1 dur-
ing the periods when LED1 is extinguished and thus charge
capacitor C2 in the shortest peariod of time

capacitor at which meter M1 gives an
f.s.d. reading should be of the order of
7 volts. A precise voltage cannot be
specified here because of tol-
erances in the circuit, including
tolerance on voltage in ZD1, and the
degree of difficulty it is desired to im-.
part to the game. For these reasons the
pre-set variable resistor, R6, is includ-
ed in series with the meter. It is an
easy matter to set up R6, and the
process is described later.

Due to the forward base-emitter
voltage drop of about 0.6 volt in TR1,
the meter does not give an indication
until the voltage across C2 rises above
this figure. This voltage delay matches
the forward voltage drop of 0.6 volt in
D1 which was just mentioned. Initial
closure of S1 with the l.e.d. extinguish-
ed takes C2 cﬁxickly above the 0.6 volt
level, after which the meter reads ap-
proximately zero when the capacitor is
discharged to the lowest level of which
the circuit is capable.

EXPONENTIAL CURVE

The rate of charge in C2 decreases
as the voltage across its plates rises.
This is to be expected as the capacitor
charge follows the familiar exponential
curve shown in Fig. 2, which
represents charge time against voltage
for a capacitor charging from a fixed
direct voltage via a resistor. With the
present circuit, the effect is that the
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voltage across the capacitor increases
more slowly when S1 is pressed wi
the le.d. extinguished as the meter
needle approaches full-scale deflec-
tion.

When switch S2 is in the “On’’ posi-
tion it causes the negative terminal of
the battery to be connected to the
lower supply rail, and the unit is thus
switched on. When S2 is set to “Off”" it
disconnects the battery and connects
RS across C2, thereby rapidly dis-
charging C2. R8 is a current limiting
resistor whose function is to prevent
current surges at the switch contacts.
S2 is a standard s.p.d.t. toggle switch.

The voltage stabilizing circuit given
by ZD1, TR2 and R9 follows conven-
tional practice. ZD1 is taken up to its
zener voltage by way of the current
flowing through R9, and TR2 acts as
‘an emitter follower through which
most of the current required by the
remainder of the circuit flows: R9 can
have a relatively high value as the
zener diode specified goes into zener
conduction at a very low current level,
and the current drawn by TR2 base is
extremely small. TR2 is a germanium
rather than a silicon transistor since a
germanium transistor has a lower
base-emitter voltage drop and thereby
allows a slightly higher voltage to be
made available for the rest of the cir-
cuit. This advantage is admittedly of a
very marginal nature, but since the
transistor specified for TR2 is in the
general range of low cost transistors its

use can be justified. The circuit offers
an acceptable level of stabilization for
battery voltages down to some 10.6
volts.

The battery can consist of two 6 volt
batteries in series or any other com-
bination which produces a total of 12
volts. The current drawn from the
battery varies according to the state of
IC1 and whether or not S1 is pressed.
The average consumption is of the
order of 12mA.

The length of the period when the
timer output is low and the lLe.d. is il-
luminated is approximately equal (in
seconds) to 0.7 times the product of R2
and C1 (in methms and micro-
farads. This works out at about 0.7
second. The period during which the
timer output 18 high is alpproxxmately
equal to 0.7 times C1 mu tiplied by the
sum of R1 and R2, and this is about 1
second. These periods appear, subject-
ively, to offer a good choice for opera-
tion of the game. The period lengths
will vary slightly, in different versions
of the circuit, because of tolerances on
value in R1, R2 and C1.

When the unit has been assembled
and checked out, R6 may be set to in-
sert maximum resistance and a little
practice obtained in operating Si. It
will be found that the first period of
non-illumination in the le.d., given
immediately after switching on, is
longer than the subsequent periods,
and this enables C2 to be given an en-
coura%in ly high initial charge. S1 can,
indeed, be held closed when S2 is set
to the “On” position.

Voltage
(%)

Fig. 2. Exponential
capacitor charging curve
showing that the rate of
charge of a capacitor con-
nected to a fixed voltage via
a resistor decreases as the
voltage acrass the capacitor
increases. This last voltage
is indicated as a percentage
of the fixed voltage

A decision 18 next made concerninﬁ
the number of closures in S1 whic

represent the target figure for the
game. If the number chosen is 10,
which in the writer’s opinion is the best
choice, one or more runs are attempted
to produce as high a meter reading as
is possible after this number of switch
closures. On completion of a satisfac-
tory run, Sl is left open and R6 ad-
justed for f.s.d. in the meter. The game
is then set up and ready for use. W
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NEWS . .

. AND .

HEATHKIT CODE PRACTICE OSCILLATOR KIT

The Heathkit HD-1416 Code Practise Oscillator is as
much fun to build as it is to use — and it also makes a
great starter kit for a beginning CW operator.

Safe, portable, and reliable. The HD-1416 is
designed in the Heath tradition of top quality and
value. Most components mount on a single circuit
board for easy assembly. The unit operates from a
single inexpensive 9-volt transistor battery (not
supplied) and is complete with telegraph key and
phone jack. The oscillator, with built-in speaker, has
a eeparate control for volume on the front panel — as
well as a tone control accessible from the back of the
cabinet.

The HD-1416 can also be used ag a side tone os-
cillator with any transmitter using grid block keying
— such as the i[eathkit DX-60B.

Kit K/HD-1416, £7.00 including 8% VAT and
delivery within the United Kingdom.

Free Catalogue with full details of the new HD-
1416 and the complete range of Heathkit Electronic
Kits, available from: Heath (Gloucester) Ltd., Bristol
Road, Gloucester GL2 6EE.

NEW RADIO SHOW FOR BIRMINGHAM
— SOUND & VISION ‘76

Sound & Vision ‘76 will be the title of next year’s
TV and audio show to be held at the National Ex-
hibition Centre, Birmingham (May 28th to 31st).

The show follows on from HEDA — the first
International Home Electronics and Domestic
Appliances Exhibition — a five day trade show
sponsored by the Association of Manufacturers of
Domestic Electrical Appliances (AMDEA] and the:
British Radio Equipment Manufacturers’ Associa-
tion (BREVIA) which opens on May 23rd.

With the exception of the first day of the public

EXHIBITION CENTRE

show, when the doors will open at noon, the TV
and audio show will be open from 10 am to 10 pm
daily including the Spring Bank Holiday Monday.

The HEDA trade show, which opens from 10 am
to 7 pm, features for the first time the entire range
of domestic electrical appliances, TV and audio un-
der one roof.

Bookings have already topped the 13,000
square metres mark and the domestic appliances
show has exceeded by 1,500 square metres the
Electric Living Fair it replaces.

COMBINATION GRINDER AND POLISHER

This new top quality machine is attractively styled,
very robustly constructed and designed to give long,
trouble free service. It is particu arly suitable for
production and “Do it Yourself”’ Workshop use.
Powered by a 1 H.P. single or three phase motor with
condenser startinﬁ. Fitted with 8” x 47 grinding wheel
and a 6" polishing mop. Controlled by safety
pull/push on/off switch. Approximate overall size:
length 21”, height 11“, width 6. Weight approximate-
ly 67 lbs. Finish Grey Enamel. Supplierf complete
Wlt? fixing bolts and “delivered in a strong wooden
crate.

Price £565 plus £3.50 packing and carriage plus
VAT. Supplied on 14 days satisfaction money refund
guarantee.

Details from Hadley Sales Services, 112 Gilbert
Road, Smethwick, Warley, West Midlands B66 4PZ,.
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WA COMMENT

CEEFAX AT SCIENCE MUSEUM

The BBC’s CEEFAX system is on view at the Science Museum until
November, CEEFAX is the BBC’s dial-a-page information; at the touch
of a button the viewer can switch trom the conventional Frogramme to
any of a wide range of written pages of news, sport, travel, weather and
numerous other subjects.

CEEFAX receivers provide all that a conventional television set does
but in addition they have a decoder which picks out coded CEEFAX
pulses “hidden” on a‘few spare lines of the television picture and con-
verts them into the words and figures on the screen. .

Concurrently with the development of CEEFAX, the IBA has
developed a similar system called ORACLE.

CEEFAX is carried on the 625-line uhf service of BBC-1, and is |

available in most parts of the United Kingdom. .
At present, CEEFAX carries 50 pages of news and information but
gradually the service will expand.

So at the Science Museum you can see a service that could in a few

years’ time be commonplace in our homes.

‘The CEEFAX exhibit will be in the Radio Room on the 3rd Floor. It
will be shown at all times except when the Museum’s Radio Station 1s
being demonstrated (i.e. 11.30 and 16.00 Monday to Friday and most
Sunday afternoons).

IN BRIEF

B West Midlands Readers will be interested to learn that Henry’s
Radio have opened an electronic components store at 94/96 Upper
Parliament Street, Nottingham.

Stocks of their full catalogue range of components and equipment are
maintained. .

® The British Amateur Electronics Club report that their tenth Exhibi-
tion, held at Penarth, Glamorgan, was again a great success and a record
donation of nearly £550 'was made to the Cancer Research Campaign.

Details of membership of B.A.E.C. may be obtained from J. G.
Margetts, 11 Hazelbury Drive, Warmley, Bristol.

B Amateur Radio Classes are being held at:~ Glasgow College of
Nautical Studies, 2 Thistle Street, Glasgow, C.5. Tuesdays and
Thursdays from 7.00 pm _to 9.30 pm. Gosforth Secondary School,

Gosforth, Newcastle-upon-Tyne, Tuesdays from 7.00 pm to 9.00 pm.

Candidates may sit' the K.A.k. at the school.

B 2 short courses of lectures are to be held at South London College,
Knight’s Hill, London, SE27 0TX.
1. }Cilgctronic Calculators. Tuesday evenings commencing 7th Oc-
ober.
2. Integrated Circuits. Thursday evenings commencing 9th October.

NEW BOARD
APPOINTMENT

Mr. Chable newly appointed
Director of Doram Electronics
Ltd.

Ron Marler, Chairman of Elec-
trocomponents, Britain’s biggest elec-
tronic component distribution Group
has announced the agpointment of
Frank Chable to the Board of their
mail-order component distribution
subsidiary Doram Electronics Ltd, of
Wellington Road Industrial Estate,

Leéds.

Mr. Chable has had a long associa-
tion with the Electrocomponents
Group. He joined RS Components
Itd., in 1966, having spent twelve
¥ears as a Radio Communications

nstructor with the Royal Air Force.

In June 1974, he was, together with
Ron Marler and Don Turner, both of
whom are Main Board Directors, in-
strumental in the launch of Doram
and subsequently became General
Manager of the Company.

PRE-PUBLICATION OFFER

We are informed that publication of Linear I.C. Circuit Applications
by G. Clayton has been postponed to mid-November.

We regret any inconvenience caused to readers by the delay. However
it does mean that we can extend the offer until 31st October — see our
advertisement pages.
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Ten tips wit
insulating
tape

By K. Harker

The humble reel
tape can be put to a

of plastic insulating
surprising number of

useful applications.

There are a number of minor problems which are
liable to confront the constructor and which can be
solved by using ordinary i)lastic insulating tape. This

‘18 not to claim that insulating tape is an electronic
cure-all, but it does lend itself to many versatile
applications.

Let’s begin with its electrical insulating uses. This
may sound as self-evident as saying a resistor resists;
but simple precautions can be all too easily overlook-
ed in the absorption of trouble-shooting and setting-
up procedures.

1: INSULATING WIRES

Wrapping insulating tape round bare wire seems
as easy as losing an 8BA washer; but let’s remind
ourselves of the whens and wheres.

When fault-finding around a chassis the ends of
some leads may have to be disconnected. It is safer to
insulate an unsoldered end than to leave it dangling
bare where it might short-circuit against metalwork
and wreck a few components. Remember, too, that the
wire may make accidental contact with you, and this
is not & pleasant way of driving home the insulation
moral if high voltages are involved.

The same applies to fitting in temporary leads as,
for example, when connecting a milliammeter in cir-
cuit. Whether you solder the leads, twist the ends or
use crocodile clips will depend mainly on how long the
check will take and whether the connections are likely
to be disturbed. But nothing is lost by adding a turn or
two of tape, It is so easy to forget temporary connec-
tions, dangling somewhere in mid-air, when you are
concentrating on meter readings.

Furthermore, a wire linked at both ends — as op-
posed to a free-hanging wire with one end detached —
is probably more easily prone to accidental tugging.

And even a temporary wrap-round of tape might be
abraded if it chafes on, say, the sharp corner of a

transfotmet tag, gving dite tesults, So make sure the
insulation ;ﬁ&x E\d& s thick enough %o be suitable
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wherever it happens to be. Preferably, rearrange the
leads so that any joints hang well clear of trouble
spots. Also, of course, extra turns of tape will
themselves strengthen a joint, particularly if this is a
twisted-wire type.

What counts is a cautious approach with two points
in mind: protection of components and your own and
other people’s safety.:

2: INSULATING SURFACES

In effect, insulating surfaces is the same as in-
sulating wires, except that it is sometimes more con-
venient to stick tape to, say, a metal chassis than
around component wires. Strips of tape can be affixed
to the underside of a metal equipment case lid
wherever there is a risk of components touching it
when the lid is fastened home. A further instance oe-
curs in the screening can of a tuning coil, as in Fig. 1,

Screening can—_ Coil and former

~d

-

e —

Tape—— -

Coil base

Fig. 1. When extra components are crowded in-
side a coil can, cover the adjacent internal sur-
face with tape.
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where resistors or capacitors which are also included
in the can leave little space for individual insulation.

If you’ve just soldered in extra components
dangerously close to the metalwork of a chassis, you'll
have to poke a strip of insulating tape in with the com-
ponents already in position. Tweezers or fine-nosed
pliers can help to initially locate the strip. Once
you’ve got a corner anchored, the flat of a broad-
bladed screwdriver is useful for pressing the strip
down on to the surface.

3: COLOUR CODING

Wrap a turn of tape round a wire (even though this
is already insulated) for easy identification. For
greatest benefit you’ll need tapes of several colours.
There are plenty of colours available.

This procedure can help if you ever find yourself
using plain twisted 2-way flex with a meter. First
check the leads for continuity, then mark both ends
of one. Or for polarity identification you can mark
both leads. An obvious combination 1s red positive
and black negative or, should you wish to be in keep-
ing with the revised mains lead coding, brown and
blue respectively for “live” and “neutral”.

If you are proposing to wire up a chassis which is.
complex enough to require several different colours of
insulated wire for lead-tracing purposes, you can aid
matters by colour coding the ends with a wrap-round
of tape which is a different colour from the wire in-
sulation. Thus, with five wire insulation colours and
five colours of tape you have twenty possible com-
binations of different colours, as a glance at Fig. 2 will
show. There are also five combinations of -the same
colour. In these cases, there is probably little point in
adding the tape, since the wire insulation alone serves
the same identification purpose. The same-colour
combinations are represented by the diagonal of
squares from top left to bottom right. :

If you rough out such a table, you can put crosses in
the squares as you proceed with the wiring up. These
will guide you on which colour combinations you have
already used.

Insulating tape colour

red orange | yellow | green blue

red X X X X
orange X X X X
Wire insulation
colour
yellow X X X X
green X X X X
blue X X X X

Fig. 2. Table showing combinations of different
colours (the crossed squares) obtainable with
five basic colours of tape and wire insulation
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4: LABELLING

Sometimes you might want to label wires for im-
Froved identification. For instance, when there are
inking wires between two separate chassis, A and B,
you can mark the wire ends to correspond with point
humbers on the circuit diagram. Labels can be quick-
ly made with a single wrap-round of tape, pressing the
two ends together to form a writing surface about jin.
square. Use a ballpoint pen of different colour from
the tape to write on the connecting point numbers,
such as, say, “A6 to B9”. See Fig. 3. The other end of
the lead would carry a label marked “B9 to A6”.
Write on both sides of the labels for easy viewing. You
could be glad of these labels in later fault-finding if
you have to detach wires and then solder them back in
the right places.

|l A TO
\ B9

Insulated wire __Tape

//

/

Fig. 3. Tape showing connecting points can be
used to /abel a wire link

Components which need adjustment during setting-
up procedures_can be identified with small cut-out
squares of similarly marked tape. With coils, such as
“[,9% if an i.f. strip, the label can be stuck to one side
of the screening can. With pre-set variable resistors on
printed circuit boards, labels are more convenientl
stuck to an adjacent part of the board. As.many suc
components are probably out of si%ht except during
adjustment, neat hand-written labels serve adequate-

ly.

5: AIDING CONSTRUCTION

Occasionally, in assembly work, the positioning of
nuts and boits with the fingers becomes an im-
possibility; but you may be able to use insulating tape
to anchor a nut over the appropriate hole in, say, a
comf)onent baseplate before the ]plate is placed in its
final awkward corner. As the bolt is screwed through
it pushes the tape free of the nut. As is shown in Fig.
4(a), it helps if one end of the tape was originally

Wire to aid removal

Plate

e

Bolt hole
~

Tape wr'up -round

(a) (b)

Fig. 4(a). Positioning a nut in an “awkward"
place (b). How a screw may be temporarily
secured to a screwdriver
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wrapped round a len
then be fished out of t
this “fishing-line.”

- Tightening the nut is another story but, if you can'’t
get a spanner in, any lonﬁ thi Fadget pressed up
against a side of‘the nut will usually hold it while the
bolt is turned with a screwdriver.

h of spare wire. The tape can
e difficult position by means of

The counterpart to this is fitting a screw through an'

inaccessible hole. A turn or two of tape can serve here
to temporarily attach the screw to a suitably long
screwdriver, with the blade already fitted into the
screw head slot. Fig. 4(b) illustrates the idea. Itis then
a simple matter to push the screw through the hole
and rotate it.

6: ANCHORING LEADS

You can often guard against the dangling leads snag
mentioned in the first tip by temporarily. taping in-
sulated wires to an adjacent surface. The same applies
when holding wires aside to give access for test prods,
etc. You can also make more permanent fixtures
where several wires run alongside each other by bin-
ding them in a group with tape at, say, 6in. intervals.
Again, several wrap-rounds can help to fill up free
space in any cleat or grommet through which the bun-
dle runs, thereby holding it more securely.

In the more delicate task of coil winding, fine strips
of tape can. temporarily attach an enamel covered
wire to the coil former before the bared end of the wire
is permanently soldered into the base. After winding,
the other end of the wire can be similarly anchored
before snipping off the excess. A third strip laid along
the coil can further help in fixing the coil turns. See
Fig. 5. You can leave all such strips in position, even if
you also intend to daub the turns with polystyrene ce-
ment to finally secure them.

Tape assists in securing turns

Coil

\
*Tapes secure coil ends to former betore
soldering to base

Fig. 5. Tape

is a useful accessory in coil
winding )

7: GUIDING COIL TURNS

It you are winding a multi-layer coil and wish to
contain the turns over a short length of the former you
can built up two “bobbin ends” by first winding on
two thin longish strips of insulating tape, as in Fig. 6.
You will probably need quite a few turns in eaci to
give sufficient depth to the coil zone in between. It
may then be necessary to nick a slot or two in the tape
nearer the coil former base to allow the coil ends to be
led directly down to their tags.
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Tapes wound around former
-

\
N\ 3

Coil zone

Fig. 6. “Bobbin ends’ can be built up with tape
to contain a multi-layer coil over a short length
-of former

8: INDICATING CONTROL SETTINGS

Should you be using a potentiometer without an in-
dicator knob, and with no flat or screwdriver slot on
the shaft, it is anybody’s guess how far round you
have set the wiper. A thin strip of tape can serve as a
marker here.

With the three tags nearest you and the poten-
tiometer set fully anticlockwise, attach the tape strip
down the side of the shaft alongside the left hand tag.
The strip should continue over the spindle end, as
shown in Fig. 7(a). This continuation of the strip

Tape continued over
spindle end

\
\ Potentiometer

Tape strip

Tape tlag
(dimension A

alongside left-
-hand tag)

(c) (d)
Fig. 7(a). Fixing a thin strip of tape to a poten-
tiometer shaft to provide a marker (b). Alter-
natively, a “flag’ of tape can be cut out, as here
(c). The “flag” is wrapped around the poten-
tiometer shaft (d). The ratio of D to E indicates
amount of shaft rotation

RADIO & ELECTRONICS CONSTRUCTOR



provides a useful way of keeping it in view, to indicate
wiper angle, when the rest of the strip becomes hidden
round the back of the shaft.

An alternative way, possibly best used on shorter
shafts, is to cut the tape to form a “flag”, as in Fig.
7(b). Make dimension A the same as the length of the
shaft, and B the same as the circumference. For lin.
shafts, B will be about 0.8in. Dimension C should cor-
respond roughly to the portion of circumference lying
between the end stops, perhaps to about 40°. This
makes C about 0.lin. The dimension B minus C
(0.7in.) then corresponds to the a proximate angle
through which the potentiometer shaft can turn.

Again, with the tags nearest you and the wiper set
fully anticlockwise, stick the flag to the shaft with its

‘left hand edge alongside the ieft hand tag, as il-
lustrated in Fig. 7(c). The taé)ering edge will thus be
wrapped around the back. On adjusting the poten-
tiometer the proportion of “exposed” shaft opposite
the right hand tag, viewed directly from the front, will
indicate the approximate proportion of full travel
from the anticlockwise end. See Fig. 7(d). This is
given as the ratio D to E of the dimensions shown.

9: MARKING A TUNING TOOL

Tape offers a similar aid when adjusting iron-dust
or ferrite cores in higher frequency coils. In television
i.f. alignment work, for example, a fraction of a turn
can be critical; so it’s of advantage to know how far
you have turned a tuning slug in case you want to
return it to its original position. You can’t very well do
this by noting the position of the slot in the end of the
core if you want to keep the tuning tool in position!

All vou need to indicate the angle which has been
t;umedy through is a thin strip of tape attached along
one side on the tuning tool. Should this be a home
made tool such as a cut-down plastic knitting needle
with one end reshaped like a screwdriver blade, file a
lin. length at the other end to a square cross-section.
Then stick the tape along one of the flats, as in Fig. 8.
The square shape helps you to “feel” the position in
quarter-turns, a very useful feature if you are
watching a meter or television test card.

File end to @ square-___
cross -section

_Tape

_Tuning tool
-

Coil screening can

Fig. 8. Mark one side of a trimming tool with
tape as a guide to fine adjustment of coil cores

The strip of tape gives visual confirmation of the
number of quarter-turns made.

A commercially made trimming tool with a hex-
agonal end can have the square cross-section filed out
on the wider part of its body.

10: SEALING OFF ADJUSTMENTS

Finally, if you are lining up a chassis which has a
number of coils, each to be adjusted at a specified
frequency, it's as well to know which ones ou’ve
already set up (or should not even touch at a 1). To
make sure you don’t accidentally tamper with them
again the simple answer is to stick a square of in-
sulating tape over the access-hole at the top of the
screening can.

This may sound a negative sort of tip, but it’s a good
way of ensuring positive results in getting-your tuning
problems taped. B

Codar CR45 - J. Edmundson, 60 Lime Tree Place,
Stowmarket, P14 1BT - Instruction Book and Circuit
Diagram — Borrow or purchase.

“Air Machines” by Wiston Reynolds — H. H. Seymoor
74 Harold Estate, Pages Walk, London, SE1 4HW -
Borrow or purchase.

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.

Lafayette Model HE30 — J. Morgan, 43 September
Road, Anfield, Liverpool 6 — Circuit and Servicing infor-
mation required.

Radio Constructor and Radio Amateur - J. H. Lux-
ton, Bergheim; Battery Hill; Fairlight Cove, Hastings,
Sussex — Early 1950 issues of “Constructor” and issues
before 1950 of “Amateur” wanted.
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NEW

TRANSISTORISED
OSCILLOSCOPE

Part2 By R. A. Penfold

In last month’s issue, details were given of metal-work and the power
supply section of the oscilloscope. Most of the constructional work is
described this month, including the assembly of the X and Y amplifiers, and
the timebase and sync amplifier. The flyback blanking amplifier and other

final points will be dealt with in next month’s cancluding article.

In the first part of this series, published last month,
the overall functioning of the oscilloscope was describ-
ed. Also given were constructional details of the power
%lpply section, together with the full Components

ist.

We now proceed to the display section.

DISPLAY SECTION

Fig. 8 gives the circuit diagram of the display sec-
tion. This is quite conventional, but has been
modified slightly from the earlier design, mentioned
last month, to use fewer components.

Yi
CRT.
38Rl 1
» = _Jo
4 > | 1
R52§E X1 ! -—X 2
2 p. T— Y2
VRez ) Tk m|®
VR¢ T——ir—i——gy || Flyback
la &l blanking
= L~y
{ Rsaz z 1 Im
+350V X x S Rgy4
VR7 Sl 6:3V T
— 600V

Fig. 8. The circuit of the display section of the
oscilloscope
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The astigmatism control, VRS, is required to ensure
that the beam spot remains correctly focused at all
parts of the screen. It is now powered from a 350 volt
supply instead of the 124 volt supply, as in the
previous oscilloscope, to give increased control.

A point to point wiring system is used in the
assembly of the display section. There is no internal
connection to pin 6 of the tube, and so R54 can con-
veniently be connected between pins 3 and 6 on-the
c.r.t. holder. VR8 is mounted on the rear c.r.t.
bracket, and not on the front panel. .

The 3BP1 tube is intended to operate with an e.h.t.
supply of 1,500 volts, but it works perfectly satisfac-
torily with a 600 volt supply. The only effects of using

- this reduced voltage are a slight loss of trace

brightness and an increase in deflection sensitivity.
. To check that the display section is working proper-
ly, first earth the X and Y deflection plates temporari-

1y to chassis arid then switch the unit on. Check that

7 controls the brightness of the spot and that VR6
enables the spot to be focused to a diameter of about
1mm. only. The spot should appear at about the cen-
tre of the screen.

The astiFmatism control cannot be properly ad-
justed until the oscilloscope has been completed and
1ts slider should be left at the centre of its track at this
stage.

X AMPLIFIER

An extremely simple X amplifier is used, and the
circuit diagram of this is shown in Fig. 9.

The input stage uses a 2N3819 field-effect tran-
sistor, TR3, in the source follower mode, this being the
f.e.t. equivalent of the emitter and cathode follower
circuits. TR3 is biased by R9, R10 and R11, while
R12 is its source load resistor. VR1 operates as the X
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+12v

—> +124V
Ris = 2Ry ]
4 ) 3 3 2R
ZRg R3Z z.18
- 3% >
TR3 k X2 —>X| I
2N3819
R D
Il 4
é‘c" A Gf{?> | TRI§7 ::. VR2
A4 e BCI =z
Input ~ :UI TR
[ 1 4
Om— ; C,
| =C6 BCII7
RoZ ) 1 4 J Col  ERi
S =SR2 ZRi4 =Rig T ]
T w, 7 1 ¢ 1
b + 3
O
DGS
2N38I19 BClI7
Lead -outs Lead-outs

Fig. 9. The oscilloscope has a simple X amplifier in which voltage gain is governed by load resistor vaiues

gain control and C6 provides d.c. blocking. The
voltage gain of the input stage is slightly less than uni-
ty, and it is mainly used as a buffer stage to provide a
high input impedance. The input impedance is
500k Q shunted by about 20pF.

C7 couples' the output of TR3 to the input of the
differential amplifier formed by TR4 and TR5. This
type of amplifier has one input and two anti-phase
outputs. TR4 and TR5 do not have to be matched as it is
the resistor values which determine the static voltages
and gains in the circuit and not the individual current
gains of the transistors. For this reason, R13 to R17
are close tolerance components. One advantage of this
circuit over that in the previous design is that no pre-
set potentiometers are used, and so no setting up of
the completed circuit is required. :

The operation of the output stage is quite simple.
R13 and R14 produce about 4.6 volts at the base of
TR4, and in consequence about 4 volts are developed
across R16, allowing for a voltage drop of ap-

roximately 0.6 volt in the base-emitter junction of

R4. If VR2, which is the X shift control, is adjusted
to produce exactly the same voltage across R16, the
circuit will be balanced. Of the 4mA flowing through
R16, 2mA will flow through TR4 collector-emitter and
R15, while the other 2mA will flow through TR5
collector-emitter and R17.

Obviously the voltages present at the outputs, i.e.
TR4 and TR5 collectors, will be the same, and the
spot will appear at the centre of the c.r.t. screen.

If a positive-going input signal is applied to TR4
base, this transistor wilrpass an increased collector-
emitter current, and as a result the voltage at its
collector will drop. The increased voltage across R16

The X amplifier board is mounted at the front

) : left of the chassis, partly below the cathode ra
will cause TR5 to pass a reduced collector-emitter 4 tuZe L

" current, and the voltage at its collector must therefore
increase.

OCTOBER 1975 156



An input signal of the opposite polarity will have
the opposite effect, and will cause TR4 collector to go
positive and TRS collector to go negative.

The principal advantage of this type of circuit is
that it enables a peak-to-peak output voltage of up to
about’ 130 to be developed. The outputs of the
amplifier are coupled directly to the X deflection;
plates of the tube. Capacitor C8 boosts the response of
the amplifier at high frequencies, where it has a com-
paratively low reactance and provides a bypass to
chassis for the base of TR5.

The X amplifier is assembled on a printed circuit
board measuring 4 by 2in., and the etching and com-
Ponent layouts are shown in Fig. 10. These are shown
full size so that the copper pattern can be traced. The
letters X-X indicate tﬁe same edge in both views. The
input lead from VR1 is screened, as also is that
between VR1 and the X input socket.

The board is mounted on the chassis in the position
indicated in Fig. 3 (published last month) with C11
near the front panel. It is secured and takes up its
chassis connection in the same mannen as:was the 12
volt power supply board.

s S - - 4"-

When the amplifier has been completed and check-
ed for mistakes, the unit may be switched on. By ad-
justing VR2 it should be possible to centre the spot on
the screen, and VR2 should provide sufficient control
to send the spot off the screen in both directions.
Touching the non-earthy X input socket with a finger
should produce a line on the screen, and the X gain
control should control the length of this line.

Y AMPLIFIER

The circuit diagram of the Y amplifier and
attenuator is shown in Fig. 11.

There are two inputs to the Y amplifier; one con-
nects direct to VR3 and is the d.c. input, and the
other, the a.c. input, connects by way of the d.c. block-
ing capacitor, C9. VR3 is the fine gain control. R20 to
R24 form a simple step attenuator and also act as the.
gate bias resistance for TR6. The attenuator resistors.
must be high stability low-noise types, and must also
have a close tolerance. The attenuator is not frequen-
cy compensated, but a simple modification, to be.
described next month, enables frequency compensa-

1

o o o 1
2
\ Q
/ N\
6BA 8 6BA
clear . clear
‘ d
X %
X% X
N
> To
slider }VRz
O

4
To VR / v,

Fig. 10. Component and coppaer sides of the X amplifier board. This is reproduced full size for tracing, as
are the diagrams for the other component boards
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Fig. 11. The circuit of the Y amplifier and its input attenuator

tion to be incorporated if desired.
TR6 is used as a common source amplifier, and has
R26 as its drain load resistor, and R27 together with

‘R25 as its source bias resistor. C10 bypasses the

source bias resistance at high frequencies and so
provides high frequency boost.

TR7 and TRY form a differential amplifier similar
to that employed in the output of the X amplifier. The
maximum output swing at TR6 drain in the negative
direction provides a voltage which is rather high above
chassis potential, and so TR8 is interposed between
chassis and R31. TR8 functions as an ‘amplified
diode’ and raises the lower end of R31 about 1 volt
above chassis. It is not possible to increase the
negative output swing of TR6, and so TR8 is used to
increase the minimum input voltage requirement of
the differential amplifier.

The base of TR is fed from a second common
source f.e.t. circuit, rather than from a simple poten-
tial divider. This is necessary in order to provide
temperature compensation. Any change in the voltage
at TR6 drain caused by a change in ambient
temperature is matched by a similar change at the
drain of TR10. The circuit will-thus remain balanced
and the position of the trace on the screen will be un-
altered.

VR4 is the Y shift control.

The Y amplifier is assembled on a printed circuit
board which has dimensions of 4 by 22in. Etching
details of this are shown full size in Fig. 12 together
with the component layout. The board is mounted on
the chassis in the position shown in Fig. 3 with the
edge marked X-X in Fig. 12 nearer the front panel.
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Screened leads are used for the input wiring and
these should be kept as short as possible to keep the
input capacitance low. The attenuator resistors are
mounted on S2. This is a 3-pole 4-way rotary switch
with two of the poles unused. (They are brought into
use if the attenuator is modified for frequency com-
pensation.) C9 is positioned between the a.c. and d.c.
mput sockets. Nothing connects to the sync output of
the printed circuit board at this stage.

Wiring behind the panel above the Y amplifier
board

157



A
(-] (-] ° 4
|
/ \
\
3 i
6BA clear 6BAclear 2 /_4
) /
- (-] -
X X -;_t
+12v +124V
X

When the board has been checked for mistakes and
installed on the chassis, set R27, R34 and VR4 to in-
sert approximately half maximum resistance into cir-
cuit. Tgen switch the unit on.

Connect a 20,0009 per volt muitimeter set to read
10 volts f.s.d. between TR6 drain and chassis, the
negative test lead connecting to chassis, Adjust R27 to
give a reading of 6.5 volts in the meter. Then adjust
R34 to bring the spot to the centre of the screen.
Check that the Y shift control can shift the spot off the
screen at both the top and the bottom, Connecting a 9
volt battery to the d.c. Y input should shift the spot by
a little less than 1cm. with the attenuator in the ‘X1’
position and the fine gain control at maximum,
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To VR4
Fig. 12. The Y amplifier board after it has been etched and assembled

TIMEBASE AND SYNC

The timebase circuit employs the {wpular NEb655V
integrated circuit or any of its equivalents, The circuit
of the timebase generator and sync amplifier is given
in Fig. 13. A detailed description of the NE555V will
nof be given as this has been the subject of many ar-
ticles.

The timebase signal is generated across whichever
of the capacitors is switched into circuit by S3(b). In
?osition 0 of this switch the timebase is disconnected

rom the X amplifier input by S3(a), whilst S3(b)
short-circuits T§12 collector to chassis to prevent
stray capacitances allowing the timebase to oscillate.
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Fig. 13. The timebase section incorporates an NE555V timer with a constant current capacitor charging
source

TR12 is connected as a constant current generator,
the actual current which it produces being governed
by the setting of VR5, which is the timebase fine fre-
quency control. When the supply is applied the
capacitor selected by S3(b) will begin to charge up via
the constant current generator. Being fed from a cons-
tant current source, the capacitor will charge at a
linear rate.

With pins 2, 6 and 7 of the NE555V connected
together the capacitor will be allowed to charge to two-
thirds of the supply potential, The capacitor will then
be rapidly discharged by the i.c. until one-third of the
supply potential appears across it. The i.c. then allows
the capacitor to charge once more until two-thirds of
the supply voltage is once again developed across it,
whereupon it will again be quickly discharged to one-
third of the supply potential.

This oscillation will continue, a 4 volt peak-to-peak
linear sawtooth waveform being produced across the
capacitor in the process. This signal is at a rather high
impedance and is fed to the X amplifier via an emitter
follower buffer stage, TR11. S3 functions as the
timebase coarse frequency control.

During the short period when the capacitor is dis-
charging the voltage at pin 3 of the i.c. goes low, and
this pulse is amplified and used as the flyback blank-
ing signal.

The sync signal from the Y amplifier is amplified
bi two common emitter amplifiers, TR13 and TR14.
The amplified signal is fed to pin 5 of the i.c., where it
modulates its triggering voltage and so locks the
timebase frequency to a factor of the input frequency.
This arrangement gives a stationary trace.

One problem with the sync circuit in the earlier os-
cilloscope was that adjusting the Y gain control
altered the level of sync. this had the effect of shorten-
ing the trace and could even result in the number of
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cycles displayed being reduced or increased as the Y
gain was adjusted. The limiting action brought about
by the use of an extra stage of gain in this circuit
virtually elminates that problem.

S4 is the sync on-off switch, and R40 is the sync
pre-set level control.

The four timebase capacitors, C15 to C18, should

preferably be close tolerance as this will enable the:

frequency- ranges to ascend in multiples of ap-
proximately 10 times. They are listed as 5% plastic
foil in the Components List, but it may be found
easier to use a close tolerance silvered mica capacitor
for C18. Capacitors with a tolerance of 10% can of
course be employed, at a sacrifice of the relationship
between ranges. The switch employed for S3 is a
miniature 2-pole 6-way component with adjustable
end stop set up for 5 ways. This is available from
Henry’s Radio, Ltd.

The timebase and syne circuits are assembled on a
single printed circuit board which measures 44 by 2in.

Side view giving details of the Y amplifier and
timebase boards
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Fig. 14. The timebase component board in its completed form

‘Details of the etching of this are reproduced actual
size in Fig. 14, which also shows the component
layout.

The lead from the sync oufput on the Y amplifier to
S4 is screened, as also is the lead from S4 to the
timebase and sync board. The screened lead braiding
may be earthed to chassis at any convenient point.
The output from the timebase and sync board to S3(a)
is not screened, but that from S3(a¥ltlo the X input is
screened. C15 and C18 are soldered to the appropriate
tags of S3(b). Note that R40 is slightly larger in
physical size then R27 and R34 of Fig. 12. The
smaller miniature size could be used for R40 as well, if
desired, by slightly altering the copper pattern.

The timebase and sync board is mounted to the
chassis in the position shown in Fig. 3, with TR14 near
the front panel.

To test the timebase, first set S4 to the Off position,
adjust R40 to insert about half maximumn resistance
into circuit and switch S3 to position 0. Turn the os-
cilloscope on and allow a minute or two for it to warm
up. It should be working exactly as before until S2 is
switched to position 1. A line should then appear
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across the screen, and it should be possible to control
the length of the line by adjusting the X gain control.

If the Y attenuator and fine gain controls are set at
maximum and one of the Y input sockets is touched
with a finger, a number of cycles should appear on the
screen. VR5 should control the number of cycles
produced. Then switch S4 to the On position and
check that this synchronises the timebase properly.
The sync gives a wide pull-in range, which can be ad-
justed to suit individual requirements by altering the
setting of R40. If only a low level of sync is required
R40 can be increased in value, say to 500k

NEXT MONTH

The only component board which has net yet been
discussed is that for the flyback blanking amplifier.
This will be described in next month’s concluding ar-
ticle, which will also deal with adjustments and fte-
quency compensation, including the provision of a
frequency compensated input attenuator.

(To be concluded)
RADIO &-ELECTRONICS CONSTRUCTOR
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BROADCAST
BAND RECEIVER

By J. R. Davies

This is the second of the two projects which can be
assembled on the Veroboard presented free to readers
in this month’s issue. The receiver described here
gives loudspeaker reception of local stations on the
medium wave band. It may also be employed on long
waves in areas where the Radio 2 signal on 1,500
metres is received at good strength.

The piece of Veroboard presented to readers this
month is in a matrix of 0.15in. and has 7 strips by 16
holes. Methods of dealing with Veroboard are discuss-
ed at the start of the otger Veroboard project article
featured in this issue. The design described in the pre-
sent article is for a receiver capable of driving a
loudspeaker and which offers local station reception
on the medium wave band. Since there is only one
tuned circuit the selectivity is not as great as is possi-
ble with a superhet, but satisfactory reception ofp local
signals which are reasonably well spaced in
terms of frequency can be obtained. If desired, the
receiver may also be employed for recention of the
Radio 2 programme on 1,500 metres in areas where
this transmission is received at good strength.

The Veroboard assembly wired up to VR1, S1,
VC1 and a medium wave ferrite aerial
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The circuit incorporates a ZN414 integrated circuit,
this being followed by a 4-transistor a.f. amplifier
which has been specifically designed to incorporate a
very low quantity of components. A current-reading
meter capable of measuring currents around 20maA is
required for a test which is carried out after construc-
tion is complete. As a result of this test it may be
necessary to alter the value of one resistor in the
receiver, but the possibility of such a change being
required is low.

CIRCUIT DESIGN

The circuit of the receiver appears in Fig. 1. The
power for the receiver is provided by two 1.5 volt cells,
these being switched into circuit by the on-off switch
S1 (a) (b). This switch is ganged with the volume con-
trol VRI1.

L1 is a ferrite rod aerial coil, and is tuned by the
variable capacitor VC1. Further details of these two
components are given later. They couple to the input
of IC1, a ZN414 integrated circuit which functions
both as an r.f. amplifier and as an a.m. detector. The
ZN414 appears in a standard circuit with a 1.5 volt
supply being applied to it from cell, BY2. R2 is the
output load resistor for the i.c., whilst C2, R3 and C3
are r.f. decoupling components. A detected a.m. signal
free of r.f. content is thus applied to C4, and thence to
the a.f. amplifier incorporating TR1 to TR4.

TR1 functions as an emitter follower feeding into
the common emitter transistor TR2. The collector of
TR2 couples directly to the bases of the output tran-
sistors, TR3 and T¥{4, and these provide a Class B
output stage. Negative feedback, both at d.¢. and a.c.
is given via VR1 and R4.

Dealing first with the d.c. feedback, the purpose of
this is to cause the ouiput emitters, in the absence of
signal, to take up a potential which is nearly equal to
half the 3 volt supply potential. The base bias current
for TR1 is taken from the output emitters via VR1
and R4, with the result that, should the output
emitters go slightly positive in potential for any
reason, an increased bias current flows into the base
of TR1. The emitter current of this transistor in-
creases proportionately, producing a higher base
current and consequently a greater collector current
in TR2. This increased collector current causes the
output transistor bases to go negative. thereby
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Fig. 1. The circuit of the broadcast band receiver. The low supply voltage enables the a.f. amplifier sec:
tion to have a simple circuit with few components

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

R1 100k

R2 1k Q

R3 680 Q

R4 180 0

R5 68 Q 5%

R6 18 Q@ 5% (see text)

R7 15Q 5%

Capacitors |

C1 0.1uF type C280 (Mullard)

C2 0.1 F type C280 (Mullard)

C3 0.0fFF type C280 (Mullard)

C4 4 u F electrolytic, 4 to 10V Wkg., sub-
miniature (Mullard)

C5 100 uF electrolytic, 6.4 to 10V Wkg., sub-
miniature (Mullard)

VC1 Variable air-spaced, value to suit ferrite
aerial (see text)

VR1 100k} potentiometer, log track, with-S1 (a) (b)

COMPONENTS

Inductor ,
L1 Medium wave, or medium and long wave,
ferrite aerial (see text)

Semiconductors
IC1 ZN414
TR1 BC184L
TR2 BC184L
TR3 AC127
TR4 ACY19

Switch
S1(a) (b) d.p.s.t. toggle (part of VR1)

Speaker
LS1 3Q speaker

Battery
BY1 1.5 volt cell
BY2 1.5 volt cell

Miscellaneous I
Veroboard, 0.15in. matrix, 7 strips by 16 holes
2 knobs
Wire, sleeving, etc.
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counteracting the initial positive voltage shift at the
output emitters. The bias current required at TR1
base is very low, and the overall effect is that the cir-
cuit takes up a state of equilibrium in which the
potential at the output emitters is very slightly
positive of the voltage needed at TR1 base to maintain
collector current in this transistor. Both TRt and TR2
are silicon transistors with a typical voltage drop
across their base-emitter junctions of some 0.7 volt,
whereupon the output emitters take up a potential un-
der no-signal conditions which is approximately 1.4
volts positive of the lower supply rail. Because of the
low bias current requirement at TR1 base, the output
%nﬁifters maintain this potential for all settings of

Under a.c. conditions, the voltage gain of the overall
amplifier is %)lproximately_ equal to the series
resistance of VR1 and R4 divided by the impedance
presented to the base of TR1 by the preceding cir-
cuitry. The impedance consists of R3 in series with
the parallel combination of R2 and the output im-
pedance of the ZN414. As a result, the a.f. amplifier
section offers nearly the full voltage gain of which it is
capable when VR1 inserts maximum resistance into
circuit. The voltage gain falls continuously as VR1 is
adjnusted to insert reducing resistance, and it reaches a
very low level when VRI is set to insert minimum
resistance. In consequence, VR1 controls the overall
gain of the amplifier and functions as a volume con-
trol. It gives smooth control in practice and the circuit
has the advantages of providing both d.c. and a.c.
negative feedback as well as a volume control with two
components, VR1 and R4, only. R4 is included to en-
sure that the resistance in the feedback path cannot
be made lower than its own value, Without R4, the
amplifier could break into supersonic oscillation when
VR1 inserts minimum resistance.

SPEAKER COUPLING

Since the output emitters, under quiescent con-
ditions, are very nearly at 1.5 volts above the lower
rail, the speaker is connected directly between them
and the junction of the two 1.5 volt cells. This method
of connection renders unnecessary the high value elec-
trolytic capacitor which would otherwise be required
for speaker coupling. A relatively low value elec-
trolytic capacitor, Cb, couples the output emitters to
the bootstrapping circuit given by R7 and R5. Since
the upper endp of Rb goes positive and negative in sym-
pathy with the positive and negative signal excursions
at the output transistor bases it presents a resistance
to TR2 collector which is much higher than its actual
physical value. The bootstrapping also provides an
adequate source of collector current for TR2 when, in
the presence of signal, the output bases go highly
positive.

Because of the low supply potential, both TRS and
TR4 are germanium transistors with a consequent low
voltage dg-op between their bases and emitters. Also
the usual series emitter resistors, whose function is to
limit thermal runaway current in the output tran-
sistors, have been omitted. Such resistors, if fitted,
would seriously reduce the signal voltage available for
the 8Q speaker. The common bias resistor, R6, has
been given a value which allows a voltage of 0.32 volt
to appear across it under quiescent conditions, and
this voltage is just sufficient to bring most specimens
of the AC127 and ACY19 used in the output circuit to
the start of passing collector current. Because of the
lack of protection against thermal runaway it is
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desirable to kee c&uiescent current at a low level, even
at the cost of a little crossover distortion. Such distor-
tion will, in any case, only be apparent at high volume
settings in VR1 whereupon the output signafwill be at
a high level with crossover distortion proportionately
less noticeable. At lower volume settings in VR1, the
increased negative feedback around the amplifier will
itself reduce crossover distortion, if present. The
author would add that he has operated the amplifier
for considerable periods of time at both high and low
output levels, and there has been no evidence of any
tendency in the output trausistors to even run warm,

Nevertheless, it is sensible to check the output tran-
sitor quiescent current after the receiver has been
assembled, and this check consists of a simple
measurement of overall receiver current. In the un-
likely event that this indicates an excessively high
quiescent current in TR3 and TR4 then the value of .
R6 can be reduced.

The use of a 3 volt supply instead of the more usual
6 or 9 volt battery is mainly concerned with the grovih
sion of a receiver circuit having a small number of
components. The maximum output power which can
be delivered to the speaker is of the order of several
hundred milliwatts, and the current drawn from the 3
volt supply varies from a standing level of around
18mA to nearly 100mA on high output peaks. At
medium volume settings the average current is around
30mA. The additional current drawn from BY2 by the
51241: circuit is negligibly low, being only 0.3 to

.5mA,

+3v

Cardboard raised
S~

+1-5v

No.8OO battery
it

Internal linking—"
wire

ov

Fig. 2. An economical source of supply is given

by a No. 800 cycle lamp battery. A connection

to the internal wire linking its two cells
provides the 1.5 voit supply point

The two 1.5 volt cells can consist of torch cells such
as the HP2, but a more economical source of supply is
%'ven by a 2 cell cycle lamp battery, such as the Ever

eady No. 800. Access to the internal wire coupling
the two cells together in this battery is obtained by
raising the card%oard cover, and a lead can easily be
soldered to this internal wire to provide the positive
5.5 volt supply point needed by the receiver. See Fig.
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FERRITE AERIAL

Before assembling the components on the
Veroboard panel it is desirable to prepare a suitable
ferrite rod aerial coil for L1. This has not been quoted
as a specific part in the Components List because a
number of options are available here.

Ready-wound manufactured medium wave, or
medium and long wave, ferrite aerial assemblies are
available from some component retailers, who usually
state the value of tuning capacitor which should be
employed with the assemblies. VC1 can then be given
that value, or one which is slightly higher, should the
latter be available.

If it is intended that the receiver be employed for
medium wave reception only then all that is required
is a medium wave ferrite aerial assembly. For ade-

uate sensitivity the ferrite rod should not be shorter
than 5in. If manufactured, the medium wave ferrite
aerial coil will very probably have, in addition to the
tuned winding, a second winding with a few turns for
coupling to a %ow impedance transistor base input cir-
cuit. This coupling winding can be ignored and no
connection is made to it. Should a manufactured
ferrite aerial assembly also have a long wave winding
on it, this is removed if it is intended to receive
medium waves only. It is necessary to remove the long
wave winding because such windings are frequently
resonant, with their own self-capacitance, at frequen-
cies in the medium wave band, and if left on the rod
can cause unwanted absorption effects.

Should it be intended to have medium and long
wave reception, the required wave band switching cir-
cuit is that shown in Fig. 3(a). As can be seen, the long
wave winding is short-circuited on medium waves.
The two windings should be connected so that they are
series aiding, i.e. both windings are wound in the same
direction and the inductance of the medium wave
winding adds to that of the long wave winding when
the long wave band is selected. As with the medium
wave winding, any low impedance coupling winding
on_the long wave tuned winding should be ignored.

For constructors who wish to wind their own ferrite
aerial, details are given for a medium wave version in
Fig. 3(b). A medium and long wave home-wound -coil
assem. 'y, together with the requisite wave band
switching, is illustrated in Fig. 3 (c). The letter and
number references in Figs. 3(a), (b) and (c) apply to
the holes in the Veroboard receiver panel at which
they will connect. In both Figs. 3(b) and (c) the tuning
capacitor may have a value between 250 and 310pF.
Due to varying permeability between different ferrite
rods it may be necessary to add or take off a few turns
on the medium wave winding to enable it to cover the
medium wave band precisely, and this can be done
after the receiver has been assembled and checked
out.

As already stated, the receiver is recommended for
long wave reception only in areas where the Radio 2
transmission on 1,500 metres is at good strength. It is
in any case easier to start initially with a medium
wave aerial only, and then add a long wave winding
and the appropriate switch after same experience with
the completed receiver has been obtained.

Before carrying on to constructional details, a few
words concerning components are required. The two
electrolytic capacitors, C4 and C5, are specified as
Mullard sub-miniature with a working voltage, for C4,
between 4 and 10 volts, and a working voltage, for C5,
between 6.4 and 10 volts. This choice of working
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Fig. 3(a). A suitable wave band switching cir-
cuit if a ready wound medium and long wave
ferrite aerial is used
{b). Winding details for a home-wound medium
wave ferrite aerial
fc). A home-wound medium and long wave
ferrite aerial assembly, and its wave band
switching circuit

voltages takes in Mullard capacitors which are
variously referred to as “type C426” or as being in the
“015-016-017 range’”. C5 should have a diameter of
6.7mm. and a length of 18.5 to 20mm.

LS1 can be any 3Q speaker. It will need to be
mounted on a baffle or in an enclosure. For initial
tests a suitable temporary baffle for a small speaker
can consist of a piece of cardboard about a foot square
with a hole in the centre having approximately the
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Fig. 4. Component and copper sides of the Veroboard panel

same dimensions as the speaker cone. The speaker is
then simply stood on the bench with its cone upwards
and the cardboard baffle placed over it. An elemen-
tary baffle of this nature makes a surprising improve-
ment in audible volume and response.

ASSEMBLY

Having satisfied the points just discussed, assembly
on the Verboard panel may commence. Fig. 4 shows
the component and copper sides of the panel with
letter and number references to assist in tﬁe descrip-
tion of construction.

First take up the panel and, with a Vero spot face
cutter or a twist drill of suitable size, cut the copper
strips at holes B10, C4, C9, C13, D9, D12, E7, E12, F8
and F11. Next fit and solder thin insulated wire links
between F6 and A6, between G11 and D11, and
between E13 and C14. The link between F6 and A6
curves sh'ﬁhtly to the right, as illustrated, to allow
access to holes D6 and C6.

All components referred to next are soldered to the
appropriate copper strips as they are fitted. There is
no necessity to bend over any of the component leads
excessively on the copper-side of the board, and excess
wire can be snipped off after soldering. Some resistors
are fitted horizontally with their bodies parallel to the
board surface, and some are fitted vertically in the
manner indicated in the diagram. Fit R7 horizontally,

positioning its body so that access is available to holes
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F15 and E186. Fit R5 horizontally, spacing this a little
way off the board so that its body is clear of the link
wire at E13. Fit R6 horizontally, spacing this away
from the board by about lin. so that it can be easily
removed later, if necessary. Fit R2 horizontally. Fit
R1, R3 and R4 vertically in the positions illustrated.

A closer look at the components on the
Veroboard
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Another view of the completed Veroboard
assembly

Fit C1 and C3 with their side wires Eassing through
the holes indicated. Fit IC1, with its three leads pass-
ing through the appropriate holes. Fit C2 in the same
manner as Cl1 and C3. Fit C4 vertically with its
positive lead-out passing through E8. The polarity of
the leads of this capacitor (and of C5) can be deter-
mined by the fact that the negative lead-out is com-
mon with the can. Next fit TR1 and TR2. The bodies
of these transistors are above the holes through which
their lead-outs pass, and not to one side as shown, for
ease of presentation, in Fig. 4. Take up TR3 and iden-
tify its lead-outs with the aid of the inset in Fig. 1. The
lead-outs of this transistor are rather close together
and a little care is necessary in their location. Fit TR3
to the board with its body positioned centrally
between hole rows G and E. I

Take up C5, pass a {in. length of thin sleeving over
its negative lead-out and then bend this lead-out down

. alongside the capacitor body. Fit C5 vertically in the
position shown, with its positive lead-out at D15. The
purpose of the sleeving is to insulate the negative lead-
out from the can of TR3 and thereby prevent possible
crackles in the receiver output.

Fit a thin flexible insulated wire about 2ft. long to
hole C16. This is one of the loudspeaker leads. Fit
another similar wire, also about 2ft. long, to B4. This
is the other louu,peaker lead. Both these leads may be
shortened later, if desired. Fit a third wire, about 9in.
long, to A16. This last wire connects to the negative
terminal of BY2. Fit TR4 as indicated. It does not
matter if the body of TR4 touches the insulating
sleeve over the can of C5.

All the components are now fitted to the board.
Next to be connected are leads passing to VR1/S1,
and to L1 and VC1. VR1/81 is positioned away from
the board near the G row of holes. VC1 is positioned
near thg left hand end of the board, and the ferrite rod
can be in any convenient position which does not too
closely approach the board. Precise positioning of ex-
ternal components is not critical provided that the
loudspeaker lead from hole C16 is kept away from L1,
VC1 and the wiring to these. All the leads to the exter-
nal components employ thin flexible insulated wire.

Fit a 2in. length of wire between E16 and the slider
of VRI1. Fit another 2in. wire between F10 and the
zero volume end of VR1 track, so that the resistance
inserted into circuit by VR1 increases as the spindle is
turned clockwise. With an ohmmeter or continuity
tester identify the tags corresponding to the two poles
of S1(a), S1(b). It is important to ensure that the cor-
rect supply voltages, as indicated in Fig. 4, are applied
to the board. If the -3 volt supply is inadvertently
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applied to the ZN414 circuit, this i.c. may be damag-
ed. Fit a 1in. length of wire between G16 and one of
the switch sections on VR1. Fit a 9in. length of wire to
the other tag of this switch section. This is the positive
3 volt battery lead, but it is not connected to the
battery yet. Fit a 2}in. wire between Bl and the
remaining switch section on VR1. Fit a 9in. length of
wire to the other tag of this second switch section. This
is the positive 1.5 volt battery lead, and it is also not
connected to the battery cells yet.

Fit a 4in. length of wire between hole C1 and the
moving vanes of VC1. Fit another 4in. length of wire
between E1 and the fixed vanes tag of VC1. Connect
the ferrite aerial winding across VC1, using
reasonably short leads.

CHECKING

Wiring up is now complete, and a visual check
should be carried out to ensure that all solder joints
are correct and sound, and that there are no short-
circuits between adjacent copper strips.

Next ensure that S1 is turned off, then connect the
zero volt and positive 1.5 volt leads to the appropriate
points on the battery or two cells forming BY1 and
BY2. Connect the positive 3 volt battery lead to the
positive 3 volt battery point via a current-reading
meter switched to read 0-50mA or 0-100mA. Connect
the speaker to the loudspeaker leads. Switch on at
VR1/81, keeping VR1 close to the minimum volume
position, and check the reading given by the meter. In
all probability, this will lie between about 18 and
23mA. Shoulcf this be the case, no further checking is
required, and the receiver is ready for use. :

Should the current be in excess of 23mA, short cir-
cuit R6 with a piece of insulated wire having bared
ends. The current indicated by the meter may remain
unaltered or decrease. If the reading is unaltered, or if
the decrease is 56mA or less, then no further checks are
required and the receiver is ready to be used. Should
the decrease in current be greater than 5mA then the
value of R6 is too high and it needs to be reduced.
Note the current reading in the meter with R6 short-
circuited, then reduce the value of R6 until the
current is less than 5mA greater than this short-
circuit value. Reduction of the value of R6 is achieved
by temporarily applying external resistors across it. If
the desired lower current is given when 1002 is
applied across R6, then its reduced value should be
15 @ . Parallel resistors of 36 @ and 22 Q across R6
correspond to 12 Q and 10Q respectively. When tne
required new value in R6 has been found, the ex-
isting resistor is carefully removed and the new value
is fitted in its place. )

_As was stated earlier, it is very doubtful whether it
will be necessary to replace R6 with a lower value
component. The procedure just described is included
for the sake of completeness of information.

Once the current check has been satisfactorily com-
pleted, the current-reading meter may be removed
and a permanent connection made to the positive 3
volt point on the battery or cells. The receiver is then
ready for use. The Z¥I414 is sensitive to supply
voltage variations around 1.5 volts. If a brand-new
battery offering terminal voltages higher than the
nominal values is employed there may be oscillation
and whistles between transmissions, these clearing
when a strong signal is tuned in. This effect does not
upset local station reception, and it disappears when
thels battery voltage has settled down to its nomina.l
value.
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ANOTHER
VERSATILE
VERTICAL

By V. S. Evans

How to tune an external Top Band load-
ed vertical aerial from the comfort of the
shack.

This article is, to some extent, a follow-on from
‘Versatile Vertical For Top Band’ which appeared in
the May, 1975 issue of Radio & Electronics
Constructor. In the previous article the author
described a loaded vertical aerial for the 160 metre
amateur band which was primarily intended to be
fitted to a car for mobile transmission and reception.
The aerial employed aluminium alloy tubing with an
adjustable section at the top for tuning together with a
central loading coil.

Loaded vertical aerials of this nature can also be
used at fixed locations, although there will then be dif-
ficulty in tuning if the aerial is mounted in an in-
accessible place such as on a roof or at the top of a
‘wooden pole. Series capacitive tuning is an accepted.
method of altering the resonant frequency of an aerial
of this type, but the variable capacitance must be
located at the base of the aerial.

‘-REMOTE CONTROL

This_article describes a remote control switching
method which allows the operator to switch into use
any one of four segments of Top Band for transmis-
sion and reception. A weatherproof unit at the base of
the vertical loaded aerial contains two reed relay
switches, the contacts of which are mounted inside
hermetically sealed glass tubes, whereupon they are
impervious to tarnish or corrosion. The glass tubes
containing the switch reeds are each fitted within a
solenoid, and the reeds are operated electro-
mainetically by passing a current through one or both
of the solenoids from the shack. The unit also contains
two pre-set trimmer capacitors which are taken in or’
out of circuit by the reed switches. %

Fig. 1 shows the basic circuit and it will be seen that
two trimmers, C1 and C2, are in series with the feed to
the aerial. The reed switches are connected across the
capacitors and their solenoids are coupled to switch
S1(a)(b) in the shack. When this switcl!n)is in position
1 both solenoids are energised, both reed switches are
closed and both trimmers are short-circuited. With
the switch in position 2, C2 is short_circuited and C1 is
in series with the aerial. Position 3 of the switch causes
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C1 to be short-circuited and C2 td be in circuit, whilst
setting the switch to position 4 brings both trimmers
in series with the feed to the aerial.

A common earth connection to the solenoids is
carried by the outer conductor of the coaxial cable
between the transmitter or receiver and the aerial.
This means that in addition to the normal coaxial feed
there is also required a lightweight twin plastic cable
which may be taped to the coaxial line.

SWITCH UNIT

A piece of Perspex or s.r.b.p. (‘Paxolin’) measuring
21 by 4}in., together with a strip of the same material
1in: wide mounted at one end at right angles, will ac-
commodate all the components required at the base of

Loaded
vertical

aerial Control

box
Reed switches i

S

2
Sia o3
Cz § " Reed solenoids 4

]
b ) 2.7 /.2
-
S -
G X £+ * Y?
! | 12-14v
supply e
i | Switch =
T unit Coaxial cable <

Fig. 1. The circuit used for remote tuning of the
aerial. The control box is situated at the
operating position.
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Four mounting holes

{

\ :
/

= Solenoids
4y

Coaxial
‘socket

() b)

1% 2Y/2%trip
Earth lead

Fig. 2(a). Layout of components in the switch

unit. The strip at the bottom is secured to the

main panel by a small angle bracket. (b). The

panel underside, showing the wiring to the
solenoids.

the aerial. Fig. 2(a) shows layout and wiring. The glass
reed switches should be treated with care as rouEh
usage or overheating during soldering will break the
glass. Fig. 2(b) shows the rear side of the panel and the
wiring to the solenoids. The solenoids have two win-
dings, which are connected in series for the present
agp ication. This explains why four connections are
shown for each solenoid. Soldering to the solenoid pins
should be carried out quickly, otherwise the former
material will soften and ‘the pins become loose.

Fig. 3 shows the switch unit contained in a suitable
metal weatherproof box, which must be positioned
close to the base of the aerial. The lead from the box to
the aerial should be stranded copper with thick walled
insulation, and must not be more than 12in. long.

COMPONENTS
Capacitors

C1 500pF mica trimmer (see text)
C2 250pF mica trimmer

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

Reed Relays ;
2-off reed switches type 7-RSR-A (R.S. Components)
2-off solenoids, coils type 1 (R.S. Components)

Miscellaneous

Knob with pointer

Coaxial plug and socket

Perspex or s.r.b.p. panel
Weatherproof metal box

Nuts, bolts, solder tags, grommets, etc.
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CONTROL BOX

The rotary switch can be mounted in a small box,
being fitted with a knob and pointer. A white fascia
showing the switch positions may then be glued
behind the pointer. Four terminals are required at the
rear of the box, these connecting to the two wires
which couple to the reed switch solenoids, to earth and
to a d.c. energising source of 12 to 14 volts. The
energising voltage may be obtained from batteries,
from a small mains power unit, or from the power
supplies in either the transmitter or the receiver. In
the last instance, the- outer conductor of the coaxial
cable will normally be common with the chassis of the
transmitter or receiver. The energising source can be
either positive or negative of earth. The two windings of
each solenoid have a resistance of 800Q, giving a

‘total of 1,600@ for each coil. The corresponding

current is slightly under 10mA for each coil.

Insulated panel

N

AN

N/

Metal box

N
Spacer

To aerial

Earth

Coaxlal
cable

Twin cable

Fig. 3. The switch unit is fitted in a weather-
proof box with wires entering through
grommets at the bottom.

The two reed switches specified are rated at 2 amps.
The two trimmer capacitors should be robust mica
types and suitable components are type D4 or D5
from Henry’s Radio, or type TP from Home Radio or
Doram Electronics. The 500pF value specified for C1
is nominal and the nearest actual values available
here are 120-750pF (Henry’s Radio), 50-450pF or
150-750pF (Home Radio) and 100-580pF (Doram
Electronics).
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SETTING UP

The aerial and the switch unit may be mounted at a
reas}onablﬁf accessible position for adjustment and
tuning. They should be well away from surrounding
:objects and a few feet off the ground. The coaxial and
twin cables should be cut to the length that will be
recw;red for the final positioning of the aerial.

ith the rotary switch in position 1 both trimmers
are short-circuited, and the system should be tuned to
a low part of the band, say 1.825MHz, by adjusting the
telescopic top of the aerial. The switch is next set to
position 2, whereupon C1 comes into circuit. This can
be adjusted to tune to the next higher frequency point
required. Setting the switch to position 3 brings in C2

on its own, and this should be tuned to a still higher
frequency, as required. With the switch in position 4
both trimmers are in circuit, and the resonant fre-
quency depends upon the previous adjustments and
cannot be altered without affecting the previously set
points.

It will be seen that there is a considerable variation
permitted in the -choice of band segments to suit the
operator.

Some thought should be given to making the aerial
loading coil waterproof in a permanent installation.
Waterproofing compound, rather like plasticine, is
obtainable from motor accessory shops. lternatively,
heavy greasing or tape could be employed to prevent
the ingress of rain-water. 3 [ ]

AMATEUR RADIO
TELEPRINTER SPEED
STANDARDS

By Arthur C. Gee

One of the most controversial topics in the world of
amateur radio RTTY has been that of the speed at which the
teleprinter should run. Ever since RTTY started in the UK
this matter has constantly come up for consideration.
Basically the difficulty arose from the fact that in this coun-
try the standard speed for commercial teleprinters is 50
bauds, whereas in America the commercial standard
favoured at the start of RTTY was 45 bauds. The only source
of teleprinters for the amateur has been surplus obsolete
equipment sold cheaply by the commercial concerns, which
meant that almost all the telegrinters coming on to the
market in the UK were for 50 bauds. In America, and in
those parts of the world where American equipment had
been used extensively, the printers were for 45 bauds.

At first there was not too much difficulty. Most RTTY
enthusiasts were happy to make QSOQ’s with others in their
own country, so here and to a certain extent in Europe 50
bauds became adopted as the standard. However, as the
“art” developed it became quite commonplace to work Dx,
and contacts across the Atlantic to American stations
became the accepted thing. This of course brought into the
open the question of what speed should be used — 46 or 50
bauds? The machines in this country usually had governed
motors whose speed could be altered by a few simple ad-

justments, and these could be changed to the 45 baud speed
without too much difficulty. In erica the machines had
synchronous motors whose speeds could not be altered. So
tggse who wanted to work Dx with the US had to change
their speeds to 46 bauds. On the other hand, those who on y
wantet? to work “local” stations on v.h.f. or, say, 80 metres
continued to leave their machines at 50 bauds. So the two
speeds remained in use.

Intercontinental RTTY contacts are at present. almost
commonplace. Nowadays, you can call CQ-RTTY on 20
metres almost any time of the day, any day of the week, and
get a reply. But most of the-Continental stations are also in-
terested in Dx, so they now use 45 bauds. In order to sort
things out, BARTG via the RSGB presented a paper to the
recent Region 1 IARU Conference at Warsaw, setting out the
problem and making suggestions for resolving it.

BARTG proposed that the standard be 50 bauds. It must
be.said that they presented a very good case for retaining this
speed, and produced a well prepared and technically sound
paper. However, their proposal found no support whatsoever
amongst other delegates, and the Conference voted massive-
ly for the adoption of 45 bauds as the standard speed for all
fiture forms of amateur RTTY. So-maybe, at last, this vexed
question has been resolved. ]

BACK NUMBERS

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

We retain past issues for a period of two years and we can, occasionally, supply copies more than two
years old. The cost is the cover price stated on the issue, plus 8p postage.

Before undertaking any constructional project described in a back issue, it must be borne in mind that
components readily avallable 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
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FOLDBACK LIMITING
VOLTAGE REGULATORS

By J. B. Dance

Small integrated circuit voltage regulators can provide a stable output
voltage having low ripple together with foldback current limiting to prevent
accidental damage.

The SGS-Ates TBA 625 series of voltage regulator
integrated circuits are encapsulated in small TO-5
transistor cases and provide maximum output
currents of about 140mA. They are particularly
suitable for use on individual circuit boards.

REASONS FOR USE

The reader who has never used an integrated circuit
voltage regulator may well ask why he should consider
using one now, since in most cases the amateur ex-
perimenter does not require particularly well
regulated power supplies. There are three main ad-
vantages, and these will next be discussed.

First, the use of a suitable voltage regulator of the
type under discussion enables the hum ripple at a
power supply output to be reduced to about 1mV with
very simple circuits. The regulator devices are smaller
and cheaper than the large value electrolytic
capacitors which might otherwise be required to
provide the same level of smoothing.

Secondly, the writer uses the TBA 625B or the TBA
625C to provide power supplies with a very low hum
level from which the supply for the varicap diodes of
an f.m. tuner can be derived. Some form of regulator
circuit is almost essential in this application and it is
easier to employ an integrated circuit regulator than
to build one with discrete components. In addition,
the use of a regulated supply ensures that the tuning
scale remains unaffected by mains voltage variations.

Finally, constructors who use many integrated cir-
cuits for experimental work may destroy appreciable
numbers of these by accidentally short-circuiting
some of their connections during experiments and
thus allowing larie currents to flow. The output
current “folds back” in the devices being considered
te about 30 to 46mA when the output is accidentally
short-circuited. Such a current is unlikely to damage
any normal device and the use of these voltage
regulators in power supplies therefore offers almost
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complete protection to the circuits being supplied with
ower.
P The writer now almost always employs power
supplies containing one of these regulators provided
that they can supply enough current to the circuit
concerned; they have been especially useful when he
has been experimenting with pre-production samples
of very new devices which are often irreplaceable. He
has never had any device fail when this type of power
supply has been employed. .
T%e devices are particularly suitable for use on in-
dividual circuit boards where a number of these are
operated from a single supply, since, they eliminate
the problems of unwanted coupling between boards.
Although the output current is limited to about
140mA, methods of obtaining higher currents are
available.

REGULATOR TYPES

The regulators are available in four different types,
the main difference between them being their output
voltages. The values of these output voltages and
various other data are shown in the Table. The con-
nections to all of the four types of device are shown in
Fig. 1.

TABLE
The TBA 625 series of Regulators

TBA TBA TBA TBA

625A 435 625B  625C
Output voltage 5V 85V 12V 15V
Ma}g input voltage 20V 20V 27V 27V
Ripple rejection
(Irﬂ’; =5mA 100Hz) 60db 57db 54db 51db
Short-circuit current 45mA 40mA 35mA 30mA
Output noise voltage,
IOHI; to 100kHz 70V 100pV  150uV  200uV
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_Ground

Output”

TBA62S series
Lead -outs

Fig. 1 Lead-outs for the TBA 625 .series of
voftage regulators

A typical circuit for providing a regulated positive
output is shown in Fig. 2; the simpliciti of this circuit
is very striking. It is important that the 10uF
capacitor C2 connected across the output should be
soldered as close to the regulator as possible in order
to ensure stability. The value of the reservoir
cafacitor C1 on the input side is determined by the
value of the output current required and by the max-
imum permissible ‘output ripple voltage.

As an example, one may consider the case of a TBA
625A used with C1 at 500xF and an output current of
100mA. If the ripple voltage across C1 at 100Hz is
about 2V peak-to-peak, the output ripple is typically
4mV peak-to-peak.

CURRENT FOLDBACK

In order to protect the devices against excessive
thermal dissipation under short-circuiting of the out-
put, current limiting under these conditions must take
place at a lower current than the normal maximum
output current, The devices are therefore designed so
that the current “folds back” when the resistance of
the load falls below a certain value; this current fold-
back is shown in Fig. 3 for the four devices. The out-
put voltage is guaranteed to be regulated to within 1%
for output currents at least up to 100mA.

The maximum current and the short-circuit
current both fall with increasing chip temperature;
this further reduces the possibility of excessive ther-
mal dissipation. The quiescent current is the input
current when the output current is zero; it is about
9mA for the TBA 625A and TBA 435 at the maximum
permissible input voltage of 20V for these devices and
about 10mA for the TBA 625B and the TBA 625C at
the maximum permissible input voltage of 27V.

input output
::+ : Regulator E - +
c J; ground C2 Regulated
E IT IOpFT output
L € ov
mains E 9

it
L}

Fig. 2. The very simple voltage regulated povwer
supply circuit which the regulators make possi-
ble
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TBA625C ’ Vin =22V

|

Qutput current -mA

Fig. 3. Voltage, output current and foldback
characteristics of the regulators

The ripple rejections fall to about 6db below the
values shown in the Table as the output current rises
to 140mA. The minimum amount by which the input
voltage across C1 of Fig. 2 must exceed the output
voltage across C2 for 1% regulation is shown in Fig. 4.

The quiescent power dissipation is equal to the in-
put voltage multiplied by the quiescent current, but
when an output current is drawn the dissipation is in-
creased by an amount equal to the output current
multiplied by the difference between the input and
output voltages. Each device can dissipate up to about
0.7W at ambient temperatures up to 25°C, but if a

TBAG625A

TBA 435

TBA625C

o 20 40 60 80 100 120 140

Qutput cyrrent -mA

Fig. 4. Minimum input — output voltage re-
quirements for 1% regulation
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AC. l
mains S l - .
C l 2 Regqulated
14!

& IO pF output
bl Regulator E ov

Fig. 5. Using a regulator to obtain a negative
supply voltage

heat sink of thermal resistance 37°C/W is fitted, the
dissipation can be increased to 2W. The writer often
uses Jermyn type 2215 TO-5 heat sinks with these
devices, but in many cases no heat sink is required.
For example, the TBA 625A can be used with a 12V
input supply at output currents of up to 70mA without
any heat sink even if the ambient temperature
reaches 70°C. (It may be noted that the type H1 TO-5
heat sink listed by Hany’s radio is rated at 10°C/W).

OTHER CIRCUITS

The devices may be used in the circuit of Fig. 5
when a negative regulated supﬁly line is required. The
performance is the same as that of Fig. 2.

A small increase in the output voltage can be ob-
tained by inserting a resistor between the regulator
device and ground, as shown in Fig. 6. The increase in
the output voltage is equal to the value of this resistor
multiplied by the quiescent current, the latter being
indicated as IG. The maximum value of the resistor
which can be employed (about 200Q) produces an
increase in the output voltage of about 2V; higher
values of this resistor may result in blocking of the
device with zero output voltage across it. If desired,
the resistor of Fig. 6 can be made variable.

‘The circuit of Fig. 6 retains the foldback curreat
characteristics on short-circuit; indeed, the short-
circuit current is less than in the case of Fig. 2. The
other features of the circuit of Fig. 2 are also retained.

+ —— Regulator +

16

Input i Requlated
voltage IO E output

Fig. 6. The regulator output voltage can be in-
creased by inserting a resistor in the manner
shown hera
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Fig. 7. Another method of obtaining an in-
creased output voltage

Somewhat lal;Fer increases in the output voltage
may be obtained by the use of the circuit shown in
Fig. 7. The current flowing through R1 increases the
total current flowing through R2 above the quiescent
current, IG. R2 may be fixed or variable. As shown in
Fig. 8, the foldback current characteristics are retain-
ed in the circuit of Fig. 7.

HIGHER CURRENTS

Various circuits have been published in which these
regulators are used with one or more transistors to
provide greater current outputs. Outputs of several
amps are easily obtained with foldback to about 0.5A
on short-circuiting of the output.

However, a simpler way of obtaining somewhat
higher currents involves the use of another type of

TBA625C Ry =I-2ka. Ry =90n. Vi, =24V

TBA435 R;=680n.Ry=120n
Vin= 17V

TBAG625A R =430n
Ry=9In
Vin=2v

40 80

Output current = mA

Fig. 8. Typical voltage and current
characteristics for the circuit of Fig. 7
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Metal area

L129, TDAI4OS5 series

Lead-outs

Pin | input
| Pin 2 output
Pin3 ground

(pin 3 connected to metal area)

Fig. 9. The lead-outs of the higher cirrent
regulators discussed in the text

regulator in a TO-126 power transistor package of the
type which can be fizxed to a heft sink with a single
bolt. The SGS-Ates L129 and TDA 1405 devices
provide an output voltage of 5V at currents up to at
least 600mA, the L130 and TDA 1412 devices provide
currents of at least 500mA at 12V, and the L131 and
TDA 1415 devices provide currents up to at least
450mA at 15V. Typical values of the maximum out-
put currents are rather higher than the minimum
values quoted, being namely 820mA, 720mA and
600mA for the respective types. The lead-out connec-
tions are shown in Fig. 9.

These power regulators can be used in exactly the
same type of circuit as that of Fig. 2. The output
capacitor may be 10uF, but in some cases a fairly high
value of input capacitor may be required to supply
the larger current to these devices. The L129, L130
and L131 devices can operate at room temperatures
down to —20°C, whilst the TDA 1405, TDA 1412 and
TDA 1415 devices have a minimum recommended
operating temperature of 0°C.

For high levels of dissipation a heat sink measuring
about 2in. square should be adequate. The maximum
permissable dissipation without a heat sink is 1.25W.

Current foldback occurs when the output is short-
circuited, the value of the short-circuit current being
typically 200mA, 100mA and 85mA for the 5,.12 and
15V devices respectively. These regulators therefore
provide a substantial amount of protection to any cir-
cuits they are feeding, but the protection against ac-
cidental short-circuits is obviously less than with the
TBA 625 series of regulators.

Readers may wish to use these power regulators to
supply current to integrated circuit power amplifiers
which are not themselves short-circuit protected dur-

ing the initial experimental period. The power

regulators should provide ample protection for this
purpose.

All the regulators referred to in this article, with the
exception of the TBA 435, are listed by Chromasonic
Electronics, 56 Fortis Green Road, London, N10
3HN.

CONCLUSION

In conclusion, the writer hopes that he has
conveyed to readers his enthusiasm for the use of in-
tegrated circuit regulators in circuits where the
regulation they provide may not be required but
where the protection they give to other integrated cir-
cuits combined with their hum rejection is most
valuable, ]
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BATTERY CONDITION
INDICATOR

By P. R. Arthur

A neat comparator circuit which can be
fitted to battery operated equipment to
maintain a check on battery voltage.

This simple little device makes a very useful addi- o s
tion to many pieces of test equipment as well as other - © +
types of electronic apparatus. The unit incorporates
an indicator light which comes on when the supply
voltage falls below a certain pre-set level. This trigger-
ing threshold can lie anywhere between 6 and 15 volts. J Iy 1C

BATTERY CURRENT Ra -

One reason for including the device in an electronic 6
equipment is that if the equipment draws a very low Ry
level of battery current the voltage drog caused by the o
increase in the internal resistance of the battery as it &
runs down will be relatively small. The equipment
may therefore function properly even though the
battery may be virtually exhausted. There is in con-
sequence a very real risk that the batterp{ electrolyte
may begin to leak while the battery is still inside the - =
equipment. Quite expensive damage can be causéd in
this way, as the author has found to his cost. £

The risk can be avoided by using the battery condi-
tion indicator described here, as this can be set to in-
dicate a dangerously low battery voltage which need
not be much lower than the ordinary working voltage
of the battery. The battery can then be changed in Fig. 1. The circuit of the battery condition in-
dicator. The output of the 741 integrated
circuit goes abruptly positive and lights the
l.e.d. when the supply voltage falls below a pre-

set threshold level
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time, even though the main equipment may have
shown no signs of a failing battery.

The prototype has been included in a short wave
converter which falls into the category just described,
and it has proved to be very successful in use.

The device can also be used to advantage in equip-
) ment having a zener diode voltage stabilizing circuit
a I with no means of monitoring the zener voltage. Many

. items of test equipment whose accuracy depends upon
the provision of a (fonstant stabilized supply voltage
fall into this class. It is quite possible for the battery
voltage to fall to a level which is too low to allow the
zener diode to exert control, and the test equipment

The battery condition indicator is wired up on a may then give misleading indications. Such a
Veroboard panel. The l.e.d. couples to this via a gossxblllty can be eliminated by the fitting of the
2-way flexible lead attery condition indicator.
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CIRCUIT OPERATION

A 741 operational amplifier forms the basis of the
unit, as can be seen in the circuit diagram given in Fig.
1. The 741 is employed as a voltage comparator.

The non-inverting input of the 741 is connected to
the zener reference source given by zener diode D1.
The diode is coupled to the positive rail via R1. The
inverting input of the 741 is fed from a potential
divider connected across the supply rails. A light-
emitting diode, D3, is coupled to the output of the i.c.
by way of current limiting resistor R4 and diode D2.

o give an example of circuit operation, let us
assume that the device is to be set to indicate a fall in
voltage to 10.2 volts and that the reference voltage
given by D1 is exactly 5.1 volts. For this, R2 would be
adjusted so that the voltage at the inverting input of
the 741 is half the supply voltage. The output voltage
of the i.c. is equal to t];le potential difference across its
two inputs multiplied by its voltage gain. The 741 has
a voltage gain of many thousands, and so a potential
difference of less than a millivolt is required across
the inputs to result in the output swinging either fully
positive or fully negative.

When the supply voltage is higher than 10.2 volts
the inverting input will be positive of the non-
inverting input. The i.c. output will therefore be
swung fully negative and the l.e.d. will not light. When
the supply falls just fractionally below the 10.2 volt
level tge i.c. inverting input will {)e slightly negative of
the non-inverting input, and the output of the i.c. will
swing fully positive. In consequence the l.e.d will
light, so indicating that the supply voltage has fallen
to the pre-set threshold level. The l.e.d. can, of course,
be made to light at other pre-set voltages by making
the requisite adjustment to R2.

D2 is included in the circuit as the voltage from the
i.c. when the output is fully negative is approximately
2 volts. This is sufficient to cause the l.e.é). to become
lit. The voltage drop of about 0.6 volt across D2
reduces this output level to a voltage which is just too
low to light the l.e.d. D2 may be any silicon diode or
small silicon rectifier capable of passing some 20mA
forward current. The author used a BAY31 in the
prototype.

Although the current drain of the battery condition
indicator is not excessive, it is nevertheless shown as
being connected to the supply via a push-button
switch. Thus, no current at all is consumed unless the
switch is depressed. The battery can conveniently be
tested before and after each session during which the
supplied equipment is employed.

The indicator can, alternatively, be connected
ermanently across the supply lines if preferred.
he current consumption with the le.d. not lit is

approximately 0.5mA at 6 volts, rising to about 1.5mA
at 15 volts. When the l.e.d. is lit the current consump-
tion becomes about 4.5mA at 6 volts rising to some
14mA at 15 volts.

T

Another view of the battery condition indicator.
As may be seen, construction is simple and few
components are required
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Fig. 2. The components are assembled on a
small piece of Veroboard as shown here

Resistors
(All fixed values ¢ watt 5%)
R1 8.2kQ :
R2 1MQ pre-set potentiometer, miniatute
skeleton, vertical ‘

R3 470k
R4 6800

Semiconductors
ICI 741 in 8 pin d.i.l. package
D1 BZY8SC5€’1
D2 BAY31 or similar (see text)
D3 TIL209, with panel holder

S1 push-button, press to close (see text)

Miscellaneous :
0.1in. pitch Veroboard, 18 holes by 11 strips
Connecting leads, etc.

CONSTRUCTION

With the exception of S1 and D3, the components
are assembled on a 0.1in. pitch Veroboard having 18
holes by 11 copper strips. Complete details of this
panel are shown in Fig. 2. |

Commence construction by cutting out a panel of
the specified size and then make the six breaks in the
copper strips. Drill the two 6BA clear mounting holes
with a No. 31 twist drill. The various components and
the link wire can then be soldered in, leaving the i.c.
until last. No socket for the i.c. was used on the
prototype, although one can be employed if desired.
No connections are made to pins 1, 5 and 8.

Finally, connect the l.e.d. and the leads which cou-
ple to the monitored supply lines.

SETTING UP

The only adjustment that is required is to give R2 a
setting which causes the l.e.d. to light up at the re-
quired threshold voltage. The simplest way of achiev-
ing this is to connect the unit to a voltage which is
equal to that at which it is desired the l.e.d. should
turn' on. Then R2 is adjusted as far in an anti-
clockwise direction (when viewed from the side at
which the l.e.d. connections are taken) as is possible
without D3 becoming extinguished. B
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FOR DX LISTENERS

Times = GMT

By Frank A.

In the Apgust issue of this magazine readers of this
feature will have read of the 90 metre band Dx that
may be heard and have noted some of the stations
currently being reported in the SWL press. It was
pointed out that, although the 60 metre band is the
favourite hunting ground of many broadcast band
Dxers, others produce very good results on the
aforementioned band despite the increased commer-
cial interference. However, Dx transmissions may be
heard on other bands and therefore the attention of
followers of this monthly series is now directed on the
next band up the dial — the 6MHz band.

6MHz DX

This band (49 metres) extends from 5950 to
6200kHz and within these limits, especially during
late night and early morning sessions, many exciting
transmissions may be logged. Recently, for instance,
we heard Sierra Leone Broadcasting Service at
Freetown on 5980 with a newscast in English and
sign-off with the National Anthem at 2330.

Some of the stations reported are Radio Cultural,
Guatemala on 5955 around 0430; R.TV Dominicana
on 5970 at 0130; Radio Reloj, Costa Rica on 6006 at
0030; La Voz del Tolima, Colombia on 6040 at 0130;
Radio Nacional, Buenos Aires on 6060 at 0100; La
Voz del Llano, Colombia on 6115 at 0100; Radio
Union, Lima on 6115 at 0130 and Radio Suyapa,
Honduras on 6125 at 0130.

More convenient times would probably be 1630
RRI Jakarta, Indonesia on 6046 or 1900 Mozam-
bique on 6050.

CURRENT SCHEDULES

The schedules published here are correct at the
time of writing but sudden changes are sometimes
made, the details of which cannot be included in some
cases owing to the printing schedule of the magazine.
Every effort is made to ensure that the information

iven is reliable, both from published schedules issued

y various organisations and from our own obser-
vations. Where practicable, schedules are confirmed
duringl listening sessions but obviously this is not
possible with some of them.
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Baldwin

® EGYPT

From Cairo, the Arab Republic of Egypt Broad-
casting Corporation radiates an Overseas Service in
English to Europe from 2145 to 2300 on 9806. Other
broadcasts in English are as follows — from 0200 to
0330 to North America on 9475; to South East Asia
from 1315 to 1430 on 17920; to East, Central and
South Africa from 1515 to 1600 on 17725; to Central
and South Africa from 1715 to 1830 on 17890 and to
East, Central and South Africa from 2030 to 2200 on
17725. the broadcasts to Africa are announced as
“The Voice of Africa”.

® IRAQ

“Radio Baghdad” has an external Service in
English to Europe from 1930 to 2020 on 9745.

® CUBA

“Radio Havana’ offers an External Service in
English to Europe from 2010 to 2140 on 11716.

® HUNGARY

“Radio Budapest” is in English to Europe from
1200 to 1240 Mondays to Fridays on 6025, 7156,
7220, 9685, 11910, 15160 and on 17780; from
2130 to 2200 on 59656, 7180, 9655, 9833, 11910,
15125 and on 17780. The Dx programme in English
is from 1515 to 1530 on Tuesdays and Fridays on
6022, 7155, 9595, 9833, 11910, 15125 and on
17780.

® CZECHOSLAVAKIA

“Radio Prague” presents programmes in English to
the UK from 1630 to 1700 on 5930 and 7345; to the
UK and the Middle East from 1900 to 1930 on 5930,
7245 and on 7345; from 2000 to 2030 to the UK on
5930 and 7345 and from 2130 to 2200 on 60566.

The Radio Prague “Inter-Programme” in English
to Europe may be heard from 0745 to 0800; 0845 to
0900; 0945 to 1000; 1045 to 1100 and from 1145 to
1200 all on 6055 and 9505. The “Inter-Programme”
to Europe and North America may be heard from
0030 to 0100 on 6055 and 9740.
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® SWITZERL AND

The “Overseas Service of S.B.C.”, Berne, offers
programmes in English as follows — from 0700 to
0730 to Australasia, Far East, South and Southeast
Asia and Europe on 3985, 6165, 95635, 9590,
11775, 156305 and on 17840; from 1100 to 1130 to
Africa and Europe on 3985, 6165, 95635, 15140,
15305, 17830 and 21520; from 1315 to 1345 to the
Far East, Australasia, Southeast Asia, North and
Central America and Europe on 3985, 6165, 9535,
11775, 15140, 16430, 17830 and 21520; from
1530 to 1600 on 3985, 6165, 9535, 16430, 17830
and 21520; from 2100 to 2130 to Africa and Europe
(i% 36)585; 6165, 9535, 9590, 11720, 11870 and

305.

® ALBANIA

“Radio Tirana” radiates programmes in English to
Europe from 0630 to 0700 on 70656 and 9500; from
1630 to 1700, 1830 to 1900, 2030 to 2100 and from
2200 to 2230 all on 7085 and 9480.

® BULGARIA

“Radio Sofia” has English transmissions directed
to the UK and Eire from 1930 to 2000 and from 2130
to 2200 on 6070 and 9700, Other English
programmes are as follows — to North America from
0001 to 0100 on 9700; to East and Central Arica from
1930 to 2000 on 15310 and 17825 and to Africa from
i17085 éo 2130 on 11730, 11765, 15310 and on

25.

® EAST GERMANY
“Radio Berlin International — the Voice of the

GDR”, Berlin, presents an English service to Europe:

from 1730 to 1815 and from 2115 to 2200 on 7260;
from 1830 to 1915 on 6080, 6115, 7185, 7300 and
on 9730. Radio Berlin International is also in English
from 1200 to 1245 to Southeast Asia on 11960,
15125 and 15320; from 1315 to 1400 to Central
Africa on 17800, from 1400 to 1445 to So*itheast Asia
on 11960 and 16125; from 1530 to 1610 tv Southeast
Asia on 11960; from 1815 to 1900 to East and West
Africa on 15170, 15255 and on 156390 and to West
Africa from 2000 to 2045 on 15250 and 15390.

® JAPAN

“Radio Japan”, Tokyo, radiates in .English to
Europe from 0800 to 0830 on 15390 and 15430 and
from 1830 to 1900 on 9735 and on 11960.

® ROMANIA

“Radio Bucharest” maintains an External Service
in English to Europe from 1300 to 1330 on 7195,
9690 and on 11940; from 1930 to 2030 on 7225 and
on 9510 and from 2100 to 2130 on 7195 and on
9690.

® POLAND

“Radio Warsaw” operates an External Service in
English for Europe from 0630 to 0700 on 7285, 95640
and 9675; from 1200 to 1230 on 7285 and 9540;
from 1600 to 1630 on 6095, 7125, 7285 and on
95640; from 1830 in 1900 on 60956, 7125, 7285 and
on 9540; from 2030 to 2100 on 7285 and 9540 and

from 2230 to 2300 on 5995, 6135, 7285 and on

9540.
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AROUND THE DIAL
® GHANA

Ejura at 2000 on 3350, interval signal of African
drums, identification in English then time-check for
“eight o’clock”. This service is in both English and
vernaculars, the weekday schedule being from 1600 to’
2305, power is 20kW.

® GAMBIA

Banjul at 2055 on 4820, African drums, local
music, announcements and newscast in vernacular at
2100. The evening schedule of this one (weekdays) is
from 1625 to 2300 and the power is 3.1kW; not an easy
one to log owing to a high powered USSR transmitter
on the same channel.

® NIGERIA

Lagos at 1837-on 4990, newcast by OM in ver-
nacular, several mentions of Kampala and Angola,
musical interlude at 1840. This is the National
Programme with an evening/afternoon schedule from
1500 to 2305, power is 10kW.

® ZAIRE

Lubumbashi at 1848 -on 4750, OM with a talk in
vernacular interspersed with local music and drums.
This is the Home Service with the scheduled after-
noon/evening transmission from 1500 to 2100
(weekdays). The power is 10kW and it is not an easy
one owing to the surrounding commercial QRM.

® INDIA

All India Radio, Delhi, at 1910 on 3905, Arabic-
type music, announcements by OM in Arabic, off the
air suddenly at 1930, without National Anthem. This
is the Home Service Arabic transmission, the power is
variable from 20 to 100kW.

® SOUTH AFRICA

Johannesburg at 1900 on 3285, OM with a
newscast in English after 6 pips time-check and sta-
tion identification. This is the English Service which
is on this channel from May until October the evening
schedule (weekdafys and Sunday) being from 1620 to
%(l)(l)ﬁ,‘gaturdays rom 1620 to 2205, the power being

o CHINA

Radio Peking at 2100 on 4800, YL in Chinese and
short interludes of local music. This is the Home Ser-
vice 1, the schedule being from 2000 to 0100, power
variable from 120 to 240kW.

® LESOTHO

Maseru at 1854 on 4800, OM in vernacular, Euro-
style pop records, YL announcer at 1900 then into
R/}'ogramme of local pops. Tending to be irregular,

aseru reportedly has a schedule from 0400 through
to 2030 (Sundays to 2135). The power is 10kW and the
channel is subject to severe commercial QRM at
times.

© LIBERIA

ELWA Monrovia at 2156 on 4770, OM with a
religious prog-amme in English.
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Trade News . ..

MINI-BLOW TORCH BY FLAMINAIRE

The feature that distinguishes the Longs Mini-Blow
Torch from any other similar product is its pencil
point slim flame. This unique feature enables the user
to concentrate the heat exactly where it is wanted and
is invaluable to electronic engineers.

The 35gms butane gas cylinder has a life of 4-5
hours operating temperature up to 3,500°F. Refills are
readily available.

The gas burner is fitted with a brass nozzle and has
special cooling fins. It is the clever engineering of this
burner that produces the unique pencil point flame.

A detachable solder pencil is included in the kit and
its use can be readily appreciated.

The present cost of a Longs Mini-Blow Torch is
£6.25 incl. VAT and p.p.

Details from Longs Ltd., Hanworth Lane Trading
Esgate, Chertsey, Surrey.

QUICK-DRI ETCH-RESIST MARKING PEN

Decon Laboratories some three years ago. A new im-
‘proved version in the form of the 33 PC Quick-Dri is
now available. As the name implies, the major im-
provement is a newly formulatetf etch-resist ink with
rapid drying characteristics. It is necessary simply to
draw the desired printed circuit on to a copper-clad
board, allowing the track to dry for just two minutes
before etching in ferric chloride or any other usual
etching solution. A high degree of resistance to
etchants is claimed and a professional high-quality
board can be prepared very simply.

The Decon-Dalo 33 PC Quick-Diri is priced at £1.08
for 1, £4.43 for 6 or £8.80 for 12 (postage and VAT in-
cluded), either direct from Decon or from radio

The unique Decon-Dalo 33 PC etch-resist marking supplies ret-.allers. | 1
pen for preparing printed circuit boards has been verK Full details are available from Decon Laboratories

well accepted by electronics engineers, both Ltd., at Ellen Street, Portslade, Brighton, Sussex.
professional and amateur, since it was first offered by BN4 1EQ.

MINIATURE MAGNIFIER FOR CLOSE
SCRUTINY WORK

A unique miniature magnifier for precise, close
scrutiny work, has been introduced by
Northgate Instruments of 19 London Road,
Gloucester. The magnifier easily attaches to
tweezers, probes, scrapers or scalpels and
features 8X magnification. It is fully adjustable
with a 3’ diameter (20mm) pivoting lens.

The new miniature instrument complements
the comprehensive Northgate range of
microscopes and magnifiers, varying from a
pocket microscope with 30X magnification to a
robust table-top magnifier with a 2-4X
magnification.

Detailed literature and price lists are available
on application to: Northgate Instruments Ltd.,
19 London Road, Gloucester.
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your
work
-Shop

This month we find Smithy
the Serviceman on the point of
completing a novel resistance
measuring bridge with a range
of 10 to 1MQ . As always he is
accompanied, for most of the
time at any rate, by his able
assistant, Dick.

“That’s it!” called out Dick ex-
uberantly. “Work’s finished for
today!”

Cheerfully, he turned off the switch
that controlf;d all the mains outlets on
his bench, divested himself of his
overall coat and hung it on the hook
behind the Workshop door.

“Blimey,” remarked Smithy, glan-
cing up at the clock, “you’re in a
hurry, aren’t you? Not a nanosecond

after packing-up time and you’re
already set for the off.”

“Ah,” said Dick, putting on his
Jacket, “I don’t want to be late getting
away today.”

“Why’s that?”

“I've got a heavy date,” replied
Dick happily, ‘‘and she doesn’t like be-
ing kept waiting.”

PRIVATE JOB

“In that case,” remarked Smithy,
“I'd be the last person to hold you
back.”

“I wonder,” remarked Dick ten-
tatively, ““if you could give me a lift as
far as Joe’s Caff. I said I'd meet her
there, and Joe’s Caff is on your way
home.”

“Well, I would normally,” said
Smithy, “but I'm afraid I'll be hanging
on here for quite a bit vet.”

“Fair enough,” said Dick carelessly
“I’ll walk it instead. Cheers for now,
Smithy.”

“Cheerio.”

Dick opened the Workshop door,
}tlhen turned round as a thought struck

im,

“Why’re you staying late?”” he ask-
ed, puzzled. “We’re well ahead so far
as work is concerned.”

“I'm not doing any more servicing,”
said Smithy. “What I’'m going to do is
put the finishing touches to a little
private job for myself.”

“I see,” said Dick. “Well, cheers for
now, then.”

“Cheerio.”

But Dick seemed reluctant to
depart. His ever active curiosity had
been aroused.

“Er, what sort of a private job,
Smithy?”

“A é)iece of test equipment,” ex-
plained Smithy, as he cleared a work-
ing space on his bench. “It’s a
resistance measuring bridge.”

“Just a resistance measuring bridge,

+ —
2R =R; 2R
= = b3
Current L
; —
SZpap coding 2R Test” Unknown
=h2 =Rg 2
b3 meter = terminals resistor
\‘
Rl _R3
Ra Ry
() (b)

eh?” repeated Dick. “Well, that
doesn’t sound very exciting.”

“It's got a few novel features in it,”
added Smithy. “For instance, it takes
advantage of a circuit arrangement
that was used recently by G. A. French
in a ‘Suggested Circuit’. And the null
indicator incorporates an idea that
originated in Australia.”

“Does it, indeed?” said Dick
musingly.

He glanced at the clock.

“Blow me,” he exclaimed. “I really
must rush now. Cheers then, Smithy.”

“Cheerio.”

The door closed behind his assis-

_tant, leaving Smithy alone in the now

quiet Workshop. He opened the cup-
board below his bench and produced a
smail metal case which he placed
fondly on his bench. Visible on its
front panel were two pointer knobs,
one with a temporary paper scale
behind it, a toggle switch, two light-
emitting diodes and two insulated ter-
minals. Smithy turned the case over,
removed its back, then pulled a card-
board box with a few small resistors in
it towards him. Contentedly, he took
up one of the resistors, and started to
wire it into the circuitry inside the
metal case.

dJust as he was returning his solder-

.ing iron to its rest, the Workshop door

clattered open. Smithy turned round.

“Blimey, are you back?”

“I couldn’t help wondering,” said
Dick in an irritated tone, “just exactly
what those novel features in your
resistance bridge were.”

“Well,” said Smithy, “there’s a
basic Wheatstone bridge set-u
together with an unusual means of null
indication. I’ll show you what I mean.
To start off with, I hardly need to tell
you that a Wheatstone bridge consists
basically of four resistors connected up
like this.”

_Smithy pulled his note-pad towards

him and quickly drew out a circuit.

Fig. 1 (a). The Wheatstone bridge. Balance is. given when the equation is satisfied

(b). Changing the two right hand resistors for a potentiometer allows the bridge to measure

resistance

(c). Another version of the bridge when used for resistance measurement
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(Fig. 1(a).)
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“Two pairs of the resistors are con-
-nected across a d.c. supply with a null
indicating. device between them like
I've shown here,” he went on. “I've
drawn a centre-zero current-reading
meter as the null indicating device,
and the bridge is said to be balanced
when the resistance values are such
that no current flows through the
meter, whereupon it indicates zero.
I've marked the resistors R1 to R4 and
balance is given when the ratio of R1 to
R2 is the same as the ratio of R3 to R4.
Which is another way of saying that
R1 divided by R2 equals R3 divided
by R4. With this relationship between
the resistors, both terminals of the
meter are at the same potential.and no
current passes through it.”

“I can see that,” said Dick im-
patiently. “If you incorporate a poten-
tiometer instead of having all the
resistors fixed, then the circuit
becomes capable of measuring
resistance, doesn’t it?”’

“That’s right,” agreed Smithy. “A
‘common’ approach here consists of
replacing fwo of the resistors by a
potentiometer. Like this.”

Smithy sketched out a second cir-
cuit. (Fig. 1(b).)

“This arrangement,” he continued,
“has the advantages of simplicity and
wide range. It is obvious that if the
bridge balances when the slider of the
pot is at the centre of its track, then the
value of the unknown resistor is the
same as R1 in my circuit. If the bridge
balances when the slider of the pot is a
third of the way up its track then there
is twice as much track resistance
above the slider than there is below it,
and this will indicate that the un-

]énown resistor has half the value of
1.71

“In other words,” put in Dick
quickly, “there is twice as much
resistance above the left hand meter
terminel as there is below it.”

“That’s right,” confirmed Smithy.
“It is possible to provide a scale for the
pot which is graduated in terms of the
value of the unknown resistor. You
connect the unknown resistor to the
circuit, adjust the pot until you reach
the null point where there is zero
current in the meter and then read the
value of the unknown resistor from the
pot scale.”

“That seems fair enough,” said
Dick. “Does that circuit have any
snags?”’

“The only drawback,” said Smithy,
“is that the pot scale is non-linear, and
the readings get cramped at one end.
I've used a different bridge circuit in
my own little gadget. Here’s the
general idea.”

S)mithy drew another circuit. (Fig.
c).)

“What'’s the advantage here?”
“The circuit gives a linear pot

scale,” replied Smithy. “Let’s say, for
a start, that R1 and R3 in the circuit
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are equal in value. The bridge will
then balance when the resistance in-
serted by -the pot is equal to the un-
known resistance. If the pot has a
linear track the amount of resistance it
inserts into circuit is proportional to
spindle rotation, and so you get a
linear pot scale. If, next, you give R1 a
value that is 10 times the value of R3
then you can use the same pot scale as
you had previously, with all the
readings on the scale multiplied by 10.
Got it?”

BRIDGE CIRCUIT

“Yes, yes,” said Dick restlessly.
“Now how about getting on to the ac-
tual bridge circuit you used yourself?”’

Smithy sketched a further circuit.
(Fig. 2.)

“This is the basic set-up,” he stated.
“As you can seg€, there are six ranges,
and I'll start off with the highest
resistance one first. This is given when
the switch is set to Range 6. The right
hand side of the bridge then consists of
a 20kQ fixed resistor and a 20k Q
pot, whilst the left hand side consists
of a IM Q fixed resistor and the un-
known resistor. This resistor will be
connected to the two test terminals.”

“Well,” said Dick, gazing at the cir-
cuit, “it’s obvious that the maximum
unknown resistance you can measure
is IMQ , as balance will then occur
when the lider of the pot is at the top
end of its track. This will give 1M Q
and 1M Q on the left hand side of the
bridge, and 20k @ and 20k Q on the
right hand side of the bridge. What’s
the lowest resistance you can measure,
Smithy?”

“In theory, it’s proportional to the
lowest resistance that can be resolved
by* the pot. I’ve made an arbitary
choice of 100kQ here, which is given
when the 20kQ pot inserts 2kQ, so
that the whole range with the switch in
position 6 is 1IMQ down to 100kQ.”

9“It could go lower though, could’nt
it 99

“Oh yes,” said Smithy. ‘“But this 10
to 1 relationship combines nicely with
the next range, which is 100kQ2 down
to 10kQ. Also the fact that vou can
adliust the pot for readings on Range 6
below 100kQ means that you can take
the pot through the 100k setting. It’s
always nice to be able to go a little
beyond the final setting when you’re
adjusting a bridge.”

“But,” protested Dick, “you haven’t
allowed for that at the maximum
resistance end of the range. If the pot
has a value of 20k{2 the very highest
reading you can get on Range 6 is ex-
actly IMQ .”

“True,” agreed Smithy. “But don’t
forget that this circuit only shows the
basic bridge. In the practical circuit,
which you’ll see in a moment, I've
given tKe pot a value that is a little
higher than 20kQ, so that you can go-
through the maximum resistance set-
ting as well. Now, there’s another point
I want to bring out, and that concerns
the voltage on the upper test terminal.
If a 1M Q'resistor is connected to the
test terminals on Range 6, then the
voltage on the upper test terminal is
half the supply voltage. The supply
voltage happens to be 9 volts, and so
the upper test terminal is then at 4.5
volts relative to the bottom supply rail.
If a 100k Q resistor is connected to the
test terminals then the voltage on the
upper terminal is one-eleventh of the
supply voltage which is, near enough,
0.82 volts. So, on Range 6, the null in-
dicator is presented with voltages
ranging from 4.5 volts above the lower
supply rail down to 0.82 volt. Okay?”

“Sure,” said Dick, entirely ab-
sorbed in Smithy’s circuit. He
had, already, completely, forgotten his
assignation at Joe’s Caff.

“As I've just mentioned,” continued
Smithy, “the next range down, Range
5, gives 100kQ to 10kQ. This is

+9V
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terminals Linn =
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Fig. 2. The basic bridge section of the instrument constructed by
Smithy
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because the upper resistor on the left
hand side of the bridge has been
changed from 1MQ to 100kQ.
Following from this, Range 4 gives
10kQ to 1kQ and Range 3 gives 1kQ
to 100 . In all these ranges, the
voltage on the upper test terminal
varies between 4.5 and 0.82 volts.”

“Range 2,” said Dick in a thought-
ful toue, “is different. You've still
kept the 1kQ upper resistor on the
left hand side, but you’ve changed the
right hand upper resistor from 20kQ
to 200k Q.

“That’s right,” said Smithy. ‘“The
1k upper resistor is retained on the
left hand side to keep current low- in
the test resistance. With R2 at this
value, the maximum current which
can flow with the test terminals short-
circuted is 9mA. Changing the upper

right hand resistor from 20kQ to-

200k{2 means that the bridge balances
for test resistances that are one-tenth
of the corresponding resistances on
Range 3. So Range 2 measures test

resistances from 1002 down to 10Q.” .

Dick picked up the first of Smithy’s
sketches and looked critically at the
equation written on it.

“Why, yes of course,” he said after a
moment’s consideration. ‘“Multiplying
the top right hand resistance by 10 is
the same as dividing the bottom left
hand resistance by 10. Wait a minute,
though, there’s something that’s just
struck me.”

“What’s that?”

“On Ranges 3 to 6,” said Dick, “the
voltage on the upper test terminal
varies from 4.5 to 0.82 volts. Won’t the
;g},tage variation be lower on Range

“It will be,” confirmed Smithy. “If
the test resistance is 100Q the upper
test terminal voltage is 0.82 volt, and if
it’s 10Q the terminal voltage is ap-
proximately 0.09.volt. Now, let’s move
the switch on to Range 1. The upper
r’iﬁ/}llt hand resistor is now changed to
1MQ, and the upper left hand
resistor to 500Q. Compared with
Range Z the upper right hand resistor
is multiplied by 5 and the upper left
resistor is divided by 2. So the range of
test resistances at wKich the bridge will
balance is the same as those for Range
2 divided by 10, and that comes out to
10Q down to 1Q.”

“I suppose,” said Dick musingly,
“you’ve made the upper left hand
resistor 50082 to keep test resistor
current low on this range as well.”

“That’s right,” stated Smithy. “I’ve
put an arbitrary top limit of 1IMQ
for any section of the bridge. If I made
the upper right hand resitor 1M Q
then the upper left hand resistor has to
be 500Q to give a test resistance
range of 10Q to 1Q . Thisis quite a
reasonable value, and it limits current
flow in the test resistor to 18mA max-
imum.”

“What about the voltages on the up-
per test terminal?”’

“For the test resistance of 10Q,”
replied Smithy, “the upper test ter-
minal voltage will be about 0.18 volt. If

OCTOBER 1975

the test resistance is 1Q the terminal

voltage will be 0.018 volt only.”
‘“Blimey,” said Dick, ‘‘those

voltages are pretty low, aren’t they?”

VOLTAGE COMPARATOR

“They are rather,” agreed Smithy.
‘“‘and because of this the null indicator
needs to have a high level of sensitivi-
ty. A centre-zero meter could be used,
but in these days of integrated circuit
op-amps, a voltage comparator is much
more attractive. Because the bridge
arm resistances can go up to IM Q |
the input resistance of the comparator
must be considerably higher than that
value. Now, I happened to see the idea
of using an op-amp comparator in a
Wheatstone bridge in the Australian
journal Electronics Australia, and all
credit 1s due to that journal for this
scheme and for a neat circuit which is
used at the op-amp output. In the
Electronics Australia circuit the two
arms of a bridge go directly to the in-
verting and non-inverting inputs of a
741 op-amp and the output is monitored
by two l.e.d.’s. In the circuit 1’ve made
up for myself the two arms of the
bridge go to the op-amp inputs via
silicon emitter follower transistors,
which present an extremely high input
resistance at their bases. And this idea
came to me after reading a recent
‘Suggested Circuit’ by G. A. French in
which he used an emitter follower in
front of a 741 op-amp to produce a very
high resistance electronic voltmeter.
The 741 had its output connected back
to its inverting input to make it a
voltage follower, and the emitter of a
BC107 coupled into its non-inverting
input.” (Fig. 3.)

“Ah yes,”” said Dick thoughtfully, “I
remember that circuit, It appeared
quite recently, didn’t it?”

“Just a few months ago,”’ said
Smithy ruminatively. “Now, what was
the date of the issue? Why yes, the
date was last July.”

Dick suddenly blenched and gave a
strangulated groan.
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Fig. 3. Coupling a silicon
transistor emitter follower to
an op-amp input results in a
very high input impedance.
Here the transistor and the
op-op-amp form a com-
posite voltage follower
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“Date!” he repeated, standing up
and rushing towards the door. “Date!
Ye gods, she’ll murder me. Cheers,,
Smithy” - .

“Cheerio,” called out Smithy
to his assistant’s fleeting back.

Left to himself Smithy philosophi-
cally picked up his soldering 1ron
and proceeded to solder a further

- resistor in his resistance bridge. As he

picked up the final resistor to be wired
in, the knob of the Workshop door
rattled. Smithy turned round.

“What, again?”

“It’s no good,” wailed his assistant,
as he re-entered the Workshop. “I got
half-way down the street and I found
that I just kad to find out how you con-
nected those emitter followers to the
op-amp.”

“Well,” chuckled Smithy, “I’ve
heard of people being devoted to a sub-
ject but this is really ridiculous.”

“It's my darned curiosity,” com-
plained Dick. I get so flaming curious
about electronic things that I just can’t
leave them till I've seen them right
through to the end.”

“Okay then,” grinned Smithy. “I’ll
put you out of your misery and show
you how I coupled the two emitter.
followers to the 741 inputs.”

Smithy sketched out a further cir-
cuit. (Fig. 4.)

“‘As you can see,”” he continued, “the
two inputs from the bridge go to the
bases of two BC107’s, and their
emitters couple to the non-inverting
and inverting inputs of the 741. It has
been found by experience that the in-

ut resistances at the bases of the

C107's in a circuit like this are well
in excess of 1MQ, although this does
involve the assumption that the tran-
sistors have lower leakage resistances
than are quoted in their
specificiations. The voltage at.each
emitter is equal to that at each base
less the voltage dropped in the base-
emitter junction.”

OUTPUT CIRCUIT
“What'’s that circuit at the i.c. out-

put? The one with two l.e.d.’s in it?”

“Those l.e.d.’s are used to indicate
balance,” explained Smithy. “As I
said just now, this arrangement was
employed in the Electronics Australia
circuit. Let’s assume for the moment
that the input offset voltage for the (3)-
amp is zero. When, under this condi-
tion, the non-inverting input of the op-
amp is positive of the inverting input,
the output of the op-amp swings positive
and LED]1 lights up. Similarly, when
the non-inverting input goes negative
of the inverting input the output
swings negative and LED2 lights up.
An interesting feature of the circuit is
that the forward voltage appearing
across the illuminated l.e.d. prevents
the maximum reverse voltage rating of
the non-illuminated l.e.d. being ex-
ceeded.”

“Gosh, that’s neat,” said Dick. “I
suppose you balance the bridge so that
both le.d.’s are extinguished. This
would occur when the op-amp output
is zero.”

“Adjusting for no illumination
would be feasible if the pot in the
bridge had very high resolution,”
replied Smithy. ‘‘However, there’s so
much gain in the op-amp that the
closest you can get to this point with an
ordinary pot is a setting at which an
extremely slight movement of the slider
causes one l.e.d. to extinguish and the
other to come on. Se you adjust for the
point of changeover in the l.e.d.’s. If
you introduce some noise in the system
by, say, touching the test resistance on
Range 6, you can arrive at a condition
where both l.e.d.’s light up at a single
setting of the pot, but all this really
means is that you should keep vour
fingers away from the test resistor
when you’re measuring high values!”

“] see that you’ve connected a
10k 2 pot to pins 9 and 3 of the op-
amp.”

“Ah yes,” said Smithy. “That’s for
offset null adjustinent. In practice, we
can’t ignore the input offset voltage. As
we saw just now, the voltages applied
to the comparator circuit on Ranges 1
and 2 are very low, and an offset null

RADIO & ELECTRONICS CONSTRUCTOR
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adjustment is essential to ensure that
the op-amp output is at zero when both
the transistor bases are at exactly the
same potential. What we do in this
case is make an offset null adjustment
that takes in the two transistors as well
as the op-amp.”

“After all this introduction,” stated
Dick, “I reckon it’s time I had a look
at the complete circuit of the bridge.”

‘““As you wish,”’ said Smithy
obligingly.

He reached to the back of his bench
and produced a piece of paper on
which a cireuit had already been
drawn out. (Fig. 5.)

“Here you are,” he said proudly.
“This is the complete circuit. It’s the
same as the bits Ive been showing you
except for some slight changes in the
bridge section. I've saved one cloge-
tolerance 1M Q resistor by having R5
common to both Range 6 and Range 1.
And the upper right hand 200kQ
resistor for Range 2 is given by R4 and
RS6 in series.”

“Why did you do that, Smithy?”

“Partly,” replied Smithy, “because
it’s a little easier to get hold of close-
tolerance 100k £2 resistors than it
is to obtain close-tolerance 200kQ
resistors. But the main reason is that
R6 can be left out during initial setting
up. It can be used to obtain the ‘1’
and ‘10’ calibration points on the pot
scale, after which it’s wired into the
circuit.”

“You've given the pot a value of
25k} instead of 20k Q .”

“True,” confirmed Smithy. ‘“You
may remember that we said that the
bridge pot ineeded a value slightly
higher than 20k Q . It’s for this reason
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drawn from battery B1

that I chose 20k 3 for the basic value
in the first place, because it is possible
to obtain pots in practice which have
nominal values of 22kQQ or 25kQ .
Now, the normal tolerance on
resistance of the usual type of low cost
pot is 20%, so you're bound to get a
value of 20kQ in it if its nominal
value is 25k 2 . If you’re using a better
class type of pot with a closer tolerance
on its track resistance, you could
en}(p‘l;)y one with a nominal value of
22 ."

“Can VR1 be an ordinary carbon
track pot?”

“It can be,” replied Smithy. “You'd
get better long-term results, though,
with a moulded track pot. Best of all
would be a wire-wound pot. It should
be wired up so that the resistance it in-
serts into circuit increases as its spin-
dle is turned clockwise.”

Smithy selected a further resistor
from the cardboard box on his bench.

“Apart from R6,” he announed,
“this 1s the last resistor to go in. Do you
want to stay for the setting-up
operation?”’

Dick looked at the clock and nodded
forlornly.

“I might as well,” he said glumly.
“I’ve cooked my goose completely now
so far as my date is concerned.’

Smithy soon had the resistor.
soldered in place. He then took up a
standard 470k Q- resistor, connected it
to the test terminals of the bridge,
selected Range 6 and switched it on.
He turned the spindle of VR1 ex-
i)erimentally. The illumination of the
.e.d.’s changed over abruptly at a cen-
tral setting of the potentiometer.

“Ah, good,” he remarked, pleased.

“The comparator seems to be doing its
job properly. I'll do a spot of offset
nulling next.” :

He switched off the bridge, short-
circuited the test terminals with a
piece of wire and connected a test lead
terminated in two crocodile clips
across VR1. (Fig. 6.)

“That’s got the two transistor bases
down to chasis potential,” he remark-
ed. “Now let’s set up VR2.”

He switched on again, whereupon
one of the l.e.d.’s lit up. Taking up a
small screwdriver he carefully ad-
justed VR2 until he found a point
where the l.e.d. illumination changed

J

Test VR,

T

AAAAA
YYVY

terminals

vl

Fig. 6. The test terminals

and VR1 are short-circuited

for the offset null adjust-
ment

over. He removed the two short-
circuits.

“And that has got the offset null fix-
ed up,” he stated in a satisfied tone.
“Calibration -next!”

He took up the 100k @ 1% resistor.
shortly destined to become RS, ami
connected it to the test terminals. With
the bridge still at Range 6. he next.ad-
Jjusted VR1 until the l.e.d.’s gave the
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Fig. 7(a). The first step in marking up the scale for VR1 consists of
finding the ‘1’ and ‘10’ points
(b). The scale is then filled in in linear fashion for the points
between ‘1° and ‘10’

balance indication. He marked this
point with the figure ‘1’ on the tem-
porary scale behind the knob of VR1.
He then switched to Range 5 and re-
adjusted VRI1 for balance. This setting
he marked on the scale as ‘10°’. (Fig.
7(a).)

“And that’s got the ‘1’ and ‘10’
points on the scale marked up,” he
said cheerfully. “Those two points will
hold good on all the other ranges, and
all I’ve finally got to do is mark out the
intermediate values in linear fashion
around the scale.” (Fig. 7(b).)

A VISITOR

Smithy switched off the bridge and
turned it over in order to instal the
100k Q. resistor in its final, R6, niche.
There was a peremptory knock on the
door. Frowning, Dick went to open it,
and then gasped.

“Gosh, Jane,” he stuttered. “I
didn’t expect to see you here.”

“Well,” came an indignant female
voice, “you didn’t think I'd spend all
night chewing stale sandwiches down
at Joe’s, did you? They told me you
were probably here, so I decided to
come round and see for myself.”

“Come on in,” called out Smithy
cheerily. “We’ve nearly finished.”

The owner of the voice entered, to be
enthusiastically appraised by the Ser-
viceman. She had long auburn hair,
and wore platform shoes, flared jeans
and a gaily patterned blouse. She was
obviously a member of Women’s Lib,
and deservedly so. Palpably, a dish.

She looked around her, then spotted
the circuit of Smithy’s bridge lying on
his bench.

“Oh, that wouldn’t interest you,”
said Dick condescendingly. ‘“That’s to
do with electronics.”

“I can see that, you twit,” she

replied, picking up the piece of paper.
“So far as I can make out, it’s the cir-
cuit of a resistance bridge.”

“Hey?"

“Well, it must be,” she returned
decisively. “And this 741 operational
amplifier and the two light emitting
diodes will be for indicating balance.”

His mouth sagging open, Dick gazed
unbelievingly at the girl. A glint came
into Smithy’s eyes.

“What,” she asked, “‘are the two
emitter followers doing in front of the
7417”

“They’re to increase the input
resistance,” explained Smithy.

“Oh, of course,” she remarked.

She pointed at the metal case on
Smithy’s bench.

“Is that the actual bridge?”

“It is, my dear,” replied Smithy in a
warm paternal tone. “I’m just on the
point of soldering in the last resistor
now. Would you %ike to see it working
when I've done that?”

“I'd love to,”’
enthusiastically.
name?”’

“They call me Smithy.”

“Welf’, Smithy, it’s really nice to
have someone intelligent to talk to for
a change. All Old Snodgrass here can do
is just grunt and mutter inanities.”

And so started a very pleasant and
cosy evening. Jane and Smithy put the
resistance bridge through its paces and
conversed learnedly about matters
electronic whilst tKe fuming Dick,
alias Old Snodgrass, was relegated to
the background duties of making the
tea and being sent down to Joe’s Caff
for cakes.

We’ve all had them. There are times
when one simply cannot win.

EDITOR'S NOTE

The Australian article referred to by
Smithy was “Experimental Bridge
Type Ohmmeter” by David Edwards,
and it appeared in Electronics
Australia for June 1974, The article by
G. A. French in the July 1975 issue of
Radio & Electronics Constructor was
“Low Cost Electronic' Voltmeter.” B

she replied
“What’s your

IMPROVED COURTESY LIGHT FOR CARS
In this article, which appeared on page 14 of the August 1975
issue, it is regretted that Figs. 2 and 3 were accidentally
transposed.
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FOR BEGINNERS

by L. W. QOwers PRICE £1.65
104 EASY PROJECTS FOR THE

ELECTRONICS GADGETEER

by R. M. Brown PRICE £1.40

DIGITAL LOGIC BASIC THEORY & PRACTICE

by J. H. Smith PRICE £1.85
TRANSISTOR POCKET BOOK
by R. G. Hibberd PRICE £3.00

BEGINNER’S GUIDE TO TRANSISTORS

by J. A: Reddihough PRICE £2.00°
RAPID SERVICING OF

TRANSISTOR EQUIPMENT

by G. J. King PRICE £2.10
MAKING . & REPAIRING TRANSISTOR RADIOS
by W. Oliver PRICE £1.40

PRINCIPLES OF TELEVISION RECEPTION
by W. Wharton PRICE £1.85

TRANSISTOR AUDIO & RADIO CIRCUITS
by Mullard PRICE £2.05
PRINCIPLES OF TRANSISTOR CIRCUITS

by S. W. Amos PRICE £3.45
HI-FI FOR THE ENTHUSIAST
by M. L. Gayford PRICE £5.25

HOW TO BUILD SPEAKER ENCLOSURES

by A. Badmaieff PRICE £2.50
TEST EQUIPMENT FOR THE RADIO

AMATEUR

by H. L. Gibson

INTEGRATED CIRCUITS (IC's)
TRANSISTOR GADGETS CONSTRUCTION
HANDBOQOK

by B. B. Babani

PRACTICAL ELECTRONICS SCIENCE
PROJECTS

by B. B. Babani

COLOUR T.V. WITH PARTICULAR
REFERENCE TO THE PAL SYSTEM
by G. N. Patchett PRICE £5.15
ELECTRONIC ORGAN SERVICING GUIDE

by R. G. Middieton PRICE £2.80

PRICE £2.10

PRICE 70p

PRICE 85p.

ALL PRICES INCLUDE POSTAGE
We have the Finest Selec¢tion of English and American Radio Books in the Country

19-21 PRAED STREET (Dept RC) LONDON W2 INP

Telephone 071-723 4185

PLAIN-BACKED
NEW STYLE SELF-BINDERS

The “CORDEX"
Case will keep your
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.

PRIGE 9 5p P. & P. 20p

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

Patent Self-Binding

copies in mint

for your other magazines

{max. format 71" x 94)

COLOURS: MAROON OR GREEN

(If choice not stated, colour available will be sent)

Data Publications Ltd. 57 Maida Vale London W9 1SN

186

RADIO. & ELECTRONICS CONSTRUCTOR




SMALL ADVERTISEMENTS

Rate: S5p per word. Minimum charge 75p
Box No. 10p extra.

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

BUILD THE MULLARD C.C. TV CAMERA. Complete
kits now available from Crofton Electronics. Send large
s.a.e. for details to:~ 124 Colne Road, Twickenham,
Middlesex, TW2 6QS. Telephone: 01-898 1569.

VALVES, Radio, TV, Transmitting, Industrial. 1930 to
1975. 2200 types in stock. Many obsolete. List 20p.
Quotations s.a.e. Postal export service. We wish to buy all
types of valves. Wholesalers, dealers, etc., stocks purchas-
ed. Cox Radio (Sussex) Ltd., The Parade, East Wittering,
Sussex. Telephone: West Wittering 2023.

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.

AERIAL BOOSTERS. Improve weak radio and televsion
reception. Price £3.20. P. & P. 208. S.A.E. for leaflets.
BARGAIN PACK POLYESTER (C280) CAPACITORS.
250V/W and 400V/W. Very good mixed selection from
0.01uF to 2.2uF. Price 100 £1, P. & P. 15p. (Our choice).
VALVE BARGAINS, 10p each, P. & P. 10p. ECC82,
ECL80, EF80/183/184, PC86/88, PCF80/802,
PCL82/84, PCL85/805, PL36/504, 30PL14,
PY33/81/800. COLOUR VALVES, 12p each, P & P. 10p
PL508, PL509, PY500A. Lancashire Mail Order (R), 6
William Street, Stubbins, Ramsbottom, Bury, Lancs.

COLLECTORS: Dinky toys in fair condition, of approx.
1945 vintage. Offers? Box No. G267.

GRIMSBY ELECTRONICS FOR COMPONENTS.
Relays, sirens, surplus equipment, etc. Sample pak 25p.
List No. 10 8p. 95 Lambert Road, Grimsby, Humberside.

BURGLAR/FIRE ALARMS. Emergency lighting.
Professional and D.1.Y. equipment. Catalogue 25p. Castle
Alarms, Box W06, Windsor, Berks.

TO CLEAR BOOKSHELVES: Handbook of Satellites
and Space Vehicles by R. Haviland, £3. Medical Radiation
Biology by F. Ellinger, £3. Space by Patrick Moore, £2.
Rocketry and Space Exploration by Haley, £2. Health
Physics by Rees, £3. Box No. G274.

TREASURE HUNTERS! Construct highest performance
electronic metal detector for under £2. Equals models
costing up to £50. For simple illustrated plans send £1.
Colin Lucas, 241 Upminster Road South, Rainham, Essex.

FOR SALE: Partially completed model patrol launch. 42
inch overall. Fitted Taplin' Twin I/C engine, and steering
control for twin rudders. Ideal for R/C. S.A.E. for details
and offers? Box No. G275,

(Continued on page 188)
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All prices inclusive of Y.A.T. at 25%
The OId Police Statlon, Gloucester Road, LITTLEHAMPTON Sussex. PHONE 674
45 10P14 234 EISOF 117 EHS0 .44 PCLE2 45 UMSO .60
TAIGT .60 12A6 .75 EAS0 .40 EL32 .60 PCL8} 50 UY4l .50
Ve 82 12AC6 EABCS0 £L34 1.00 PCL84 S0 UY8S .50
4G S0 12AD6 .90 45 EL4l .60 PCLBOS 70 X41 10O
SY3GT 55 12AE6 90 EACY9I 65 EL84 36 PCL86 .55  X66 146
743G .S5  12AT6 .47 EAF42 88 ELS06 120  PFL200 .82  X76M .85
6/30L2 80 12AU6 .53 EAFB0) 80 EMS0 .53 PL36 .70 2759 5.8
6AH6 .80 12AV6 .59 EB9I .23 M8l .76 PLBI .53 ACI6S .33
6AQS .53 12BA6 .53 .EBCA! .88 [EMH} 64 PL82 43 ADI40 47
6AT6 .53 12BE6 .59 EBCBI .45 EMS84 47 PL8} .50 ADI4 .64
6AU6 .40 12BH7 .59 EBFS0 40 EMS7 110 PL84 .50 ADI6l .59
6AV6 .s3  12BY? .85 BF83 .50 [EYS! .50 PLS04 .82 ADi62 .59
6BAG 41 12KS [1.17 EBF89 .40 EY87/6 .40 PL308 1.10 -AFli4 .33
6BE6 .41  19AQS .65 s Y88 .60 PLS09 1.65 AFilS 20
6BH6 .75 2004 1.17 ECC33200 EZ40 .58 PY332 .50 AF121 .39
BJ6 64 30CI5 80 ECC35200 [EZ4l .55 PY8l 40 AFI126 .23
6BQ7A 64 30C17 5 ECC40120 EZ80 )5 PYS2 40  BCIO7 .16
6BR7 120 3OFS .75  ECCB! .40 Z31 PYS3 ‘45 BCIOB .16
6BRE 1.25 30FL) 1.10 ECC82 .39 GYsol .82 ' PYs8 .47 109 .16
6BW6 1.00 30FL2 1.10 ECC83 .39 232 59  PYS00 L1l BCHI3 .33
€BW7 65 JOFLt4 82 ECCB4 .40 GZ}4 .80 PY800 45 BCIIS .29
6BZ6 .57  3OL1S ECC8S 47 KTW6I PYB0I 45  BCZ)1 .49
6Ca .47 30L17 .76 ECC88 .55 76 PZ30 .50 BFIS .23
6C6 .47 30Pi2 .80  ECC80 KTW62 QQV03/10 BFI59 .13
6C9  2.00  30PI9 1.4 76 10 BFI63 .26
6CL6 .76  JOPLI 1.00 ECF80 .50 KTW63 R19 75  BFIS0 .39
6CUS 88 PL2 . ECF82 .50 117 U2s 70  BYI00 2}
6ES 1,17 30PL131.20 [ECF86 88 KTe6 293 U6 65  BYI26 .20
6F1 80  30PL141.29  ECF804 PABCEO U191 .0 BYI27 23
6F6G .60  3SL6GT .88 X 45 USDI B0  OA9! 2
G6FI8 .64 35W4 .60 [ECH3SI.60 PC86 .70  UABCS0 OA9S (12
6F23 .80 35ZaGT .82 ECH42 K0 PCS8 .70 47 OC23 49
6F28 .78 S0BS 100 ECHBL .40 PC97 42 UAF42 75 QCH 49
6HE6GT .29 s ECHBY 52 PCIN0 X UBC41 60 OC25 .49
6I5GT .53  S0L6GT ECH84 50 PCCB4 40 UBCB1 .60 OC44 .13
616 35 ECLYO .50 PCCBS S0 UBF80 47 OC45 .14
6éK7G 3§ 85A2 .75 ECL82 .45 PCC88 65 UBFE9 47 0OCi6 .20
6K8G (53 807 17 ECL83 .82 CC89 Ucoz 60 OC70 .16
6L6GT 68 5763 176 ECL86 .47 PCCI® 60 UCCS4 90  OC71 .14
7G50 ATP4 50 EF22 | PCFB0 47 UCCES 53  OC72 .14
607GT .60 31 60 [EF40 88 PCF82 .50 UCFE0 90 OCM .29
6SG7 52 DAF91 40 [EF4l 82 PCF84 70 UCH42 R8 OC75 .14
57 64 DAF9 .60 EF80 .30 PCF86 .50  UCHSI 47 C18 .20
6V6G_ .30 DF91 .30 EF83 145 PCF200 UCLR2 45  OCT8D .20
6V6GT S} DF9% .65 EF8s 40 UCLE3 C81 _ .i4
X4 47 DK91 50 EFS6 .50 PCF201 F41 82 OCRID .14
6XSGT .50 DK92 1.15 EF89 35 1 UF42 OC81 .14
7B6 B8 DK9 .70 EF9I PCFROI 65 UF80 41 OCE2D .14
Y4 80 DL92 47 EF92 .60 PCFRO2 S0 UF8s .52 3 .26
907 70 196 EF98 9 PCFROS &S  UFR9 .47 R4 3l
J0F1 88 DY876 41 EFIRI .40 PCF806 .60  Ul4i .75  OC202 .55
IOF18 .60 DYB0? 47 EFI8 40 PCH2001.00 ULB4 49  OC205 .5§
10P13 88  ESBCC 1.20
All goods are unused and boxed, and subject to the standard 90-day
guarantee. Terms of business: Cash or cheque with order only. Despatch
charges :—Orders below £10, add 25p extra per order Orders over £10 post
free. Same day despatch. Terms of business available on request. Any parcel
insured against damage in transit for only 5p extra per parcel. Please enclose
S.A.E. with any enguiries. Many other types in stock.

ENGINEERS

FRER

YOURSELF FOR A

BETTER JOB -~ MORE

Do you want promotion, 2 better job, higher  This helpful guide to success should be read
pay!“New Opportunities” shows you rl:c‘ﬁv o by evﬂyl;mbigu\zl(l)us engineer.

get them through our low-cost home study ~ Send for this helpful 76 page FREE book
course. There are no books to buy and you  now. No obligation and nobody will call on
can pay-as-you-learn. you. It could be the best thing you ever did.

PO mm mCUT OUT THIS COUPON'S B mm =l
S
NO‘,,

CHOQSE A BRAND NEW FUTURE HERE!

nd Repairs

To ALDERMASTON COLLEGE, D:;:t. ERE 10 READING RG7 4PF
Also at our London Advisory Office, 4 Fore Street
Avenue, Moorgate, London, EC2Y 5EJ Tel: 01-528 2721

NAME (B8lock Capilals Please)

ADDRESS

Tick or state subject of interest. Past Lo the address below. I
Electronie Trgxrns;‘utui-
i - Engineering echnology
I -G Computer CITY & GUILDS I
PRACTICAL CoEl“!mmcs Im::_n?lr]i,;‘:nns and
RADIO AND phuteny I
ELECTRONICS Programming CITY & GUILDS
(with kit) Colour TV L
I Electrical Servicing iy e I
Engineering € &G Radio, TV ST GRILOS
Electrical apd Electronie ks ommunications
I Inatallations Mechunics Radio Amateurs’ I
l-_'lnnd A\Vi‘ring General Radio __Examete. etc,
etriea: and T N O
' Druughtsman- Enginvenng é"s\ Lé’:lE‘l)_s I I
At #"Radio Servicing, |
Electrical i Coaching for many
Mathematics al major examinations

Other subiects « Age -

| _Accrédited b C.A.C.C. Member of A.B.C.C. :
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 +-19 +2%  +-5%
01pF (13"x%")  51p 0.471F 67p 50p 43p
0.22F (18”x3") 64p 1.0pF 82p 62p 52p
0.25uF (13”x%”) 67p 2.2pF 96p 75p 6lp
0.471F 1%")(:}”; 20p 4,7pF £1.62 £1.13 94p
O.SgF 13”x37) P7p 6.8uF £1.96 £1.38 £1.13
0.68uF (27x3") 93p 40.0pF £2.40 £1.95 £1.64
1.0uF (2"x¥") £1.03 15.0pF £3.22 £2.79 £2.24
20pF (27x1”) £1.44 22.0pF £4,28 £3.68 £3.08

TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22,
0.47, 1.0, 2.2, 4.7, 6.8uF at 15V/25V or 35V; 10.0uF at 16V/20V or 25V;
22.0pF at 6V/10V or 16V; 33.0pF at 6V or 10V; 47.0pF at 3V or 6V;
100.0pF ac 3V. ALL AT 10p EACH; 10 for 95p; 50 for £4.00.
TRANSISTORS:

BC107/8/9 9p BC183/183L 11p BF194 12p BFY51 20p

BC114 12p BC184/184L 12p BF196 13p BFY52 20p
BC147/8/9 10p B8C212/212L 14p BF197 13p OC71 12p
BC153/7/8 12p BCS547 12p AF178 30p 2N3055 50p

BC182/182L 11p BC558A 12p BFYS50 20p 2N3702/4 11p
H 1N914 6p; 8 for 4Sp; 18 for 90p. 1N916 8p; 6 for 45p; 14 for 90p.
1S44 5p; 11 for 59p; 24 for £1.00. IN4148 5p; 6 for 27p; 12 for 48p.
LOW PRICE ZENER DIODES: 400mVW; Tol, 4--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; 18V; 20V; 22V; 24V; 27V; 30V.
All at 7p each; 5 for 33p; 10 for 65p. SPECIAL: 100 Zeners for £6.00.
RESISTORS: High stability low noise carbon film 5%, 3 W at 40°C;
$W at 70°C. E12 series only - from 2.2Q to 2.2MQ ALLAT1p EACH; 8p
for 10 of any one value; 70p for 100 of any one value. SPECIAL PACK:
10 of each value 2.2Q to 2.2MQ (730 resistors) £5.00.

SILICON PLASTIC RECTIFIERS - 1.5 Amp - Brand new wire
ended D027: 100 P.I.V. - Tp (4/26p); 400 P.I.V. - 8p (4/30p).

BRIDGE RECTIFIERS: 24 Amp. 200V - 40p; 350V - 45p; 600V - 55p.
SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT 5p-
each; 500, 10002, 2200Q), 4700}, 680Q 1K, 2.2K, 4.7K, 6.8K, 10K, 15K, 22K,
47K, 100K, 250K, 680K, 1M, 2.5M, & 5M.

PLEASE ADD 25% V.A.T. TO ORDERS. PLEASE ADD 15p
POST AND PACKING ON ALL ORDERS BELOW £5.,00.
Send S.A.E. for lists of additional ex-stock items. Wholesale price lists
available to bona-fide companies. ALL EXPORT ORDERS ADD COST
OF SEA/AIRMAIL.

MARCO TRADING

Dept. Cé, The Old School, Edstaston, NR. WEM, Salop.
Tel: WHIXALL (Salop) 4645 (STD 094872) (Props: Minicost Trading Ltd.)

REVOR OPTICAL &
TECHNICAL

12/13 HENRIETTA ST,
LONDON W.C.2
Tel. 01-836 4536

£6.00

POST
FREE

,} %ﬂy‘
4 dia. lens
" 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.

S.A.E. FOR CATALOGUE

(Subject to price ruling at the time of 1ssue)

.
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SMALL ADVERTISEMENTS
(Continued from page 187)

FOR SALE: Assorted transistors, untested, ample leads,
100 for £1.25. Ex-new electrolytics 100 for £1.25. Resistors
500 for £1.00. Computer panels, 3lbs. 85p, 50p. P. & P.
Post on others 30p s.a.e. for list. Robert Broadbent, 24
Flaxton Street, Leeds, 11, West Yorks.

FOR SALE: Complete Widescreen film outfit. 9.5mm
camera and projector with widescreen lens, screen, film,
etc. Would exchange for other photo or radio gear or
w.h.y.? S.A.E. for details tc Box No. G276.

UNIQUE VHF KITS, 80-180MHz. Receiver, tuner con-
verter. World wide sales. Send £5 or s.a.e. for literature.
Johnsons Radio (C), Worcester, WR1 3QQ.

WANTED: Prism type spectrometer, suitable demonstra-
tion purposes, school, etc. Must be cheap. Repairable in-
strument would be suitable. Box No. G277.

KITS CONSTRUCTED. Send details for quote.
Competitive prices. John Robinson, 5 Norfolk Place,
Leeds 7, Yorks.

FOR SALE: 2m converter, mains operated. 24-26MHz. £8.
Box No. G278.

INDESIT AUTOMATIC WASHING MACHINE ser-
vice manuals. (Do it yourself repairs). With faults &
diagrams. Complete with spare parts order forms. £2.50.
Cheque or P.0. Marchant, Domestic Services, Shotton,
Clwyd, N. Wales.

WANTED: To purchase sheet music, light classical,
musicals, etc. Box No. G280.

FOR SALE: Polarised relays. Suitable for RTTY terminal
units, etc.-£1.00 each. Box No. G281.

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
services to members including Q.S.L. Bureau, Amateur
and Broadcast Translation, Technical and Identification
Dept. — both Broadcast and Fixed Stations, DX Cer-
tificates, contests and activities for the SWL and transmit-
ting members. Monthly magazine, Monitor, containing ar-
ticles of general interest to Broadcast and Amateur SWLs,
Transmitter Section and League affairs, etc. League
supplies such as badges, headed notepaper and envelopes,
QSL cards, etc., are available at reasonable cost. Send for
League particulars. Membership including monthly
magazines, etc., £3.75 per annum. (U.K. and British Com-
monwealth), overseas $10.00 or £4.00. Secretary ISWL, 1
Grove Road, Lydney, Glos.,, GL15 5JE.

WANTED TO PURCHASE: All early books on radio,
preferably before 1925. Box No. 282.

WANTED: “Everyday Electronics”, January 1975. Whole
issue or copy of articles. Price ? John Hunt, 2561 West
Bruceton, Pittsburgh, PA 15236, U.S.A.

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 Shepf;erd, 59
Paintain Road, Loughborough, Leics., LE11 3LZ.

(Continued on page 189)
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SMALL ADVERTISEMENTS

{Continued from page 188)

TO CLEAR: Xtals 2306, 2381, 2009KHz, 3 pin spacing, £1
each. Sigma type 72A0Z, 160TG-TCP, polarised relays,
octal base, £2 24V d.c. miniature model motor 2 x 14/
diam, 4" shaft, £1. Cold cathode tube GC10B, £1. 1} c.r.t.
VLS492AG.F, £2. R.E.P. 3-reed tuned relay, £2. Miniature
R.EP. R/C relay, £1. 2" mic. insert 25p. Radiospares
miniature output for personal receiver, 50p. Transformer
3.2 ohm /600 ohm £1.. Ditto 3000 ochm/600 ochm, £1. Tel-
ford Communications 2M bandpass aerial filter, £3. TC7
Bandsearcher, €3. 7X electric torch map magnifier, £1.
Box No. G283.

FOR SALE: Lafayette model HA-63A general coverage
receiver, with preselector & L:S. £35. Box No. G284,

COLLECTION OF STAMPS. IGY, railway centenary
End similar. Cat. Value £150. Offers or w.h.y.? Box No.
285.

POSTAL ADVERTISING? This is the Holborn Service.
Mailing lists, addressing, enclosing, wrapping, facsimile
letters, automatic typing, copy service, campaign planning,
design and artwork, printing and stationery. Please ask for
price list. — The Holborn Direct Mail Company Capacity
House, 2-6 Rothsay Street, Tower Bridge Road, London,
S.E.1. Telephone: 01-407 1495.

WANTED: Marige type chronometer and sextant. Box No.
G286. .

EXCHANGE: Crofton CCTV modules 1-2-3, lens control,
panel, base, coils, manual, cost £30, for air pistol/rifle.
Altree, Winsford House, Halwill, Beaworthy, Devon.

WANTED: A gauge O model loco, preférably steam. Box
No. G287.

FOR SALE: Personal portable receiver chassis, contains
speaker, transistors, L.F.’s, etc. £2. Box No. G288.

FOR SALE: Cossor 1049 Mk. 4 double beam scope, £20.
Marconi - Signal generator TF801 10Mc/s-310Mc/s, £25.
Audio generator 195J 0/12Kc/s, £7. Advance-Signal
generator K2 100kc/s-100Mc/s, £25. Audio generator J1
15¢/s-50ke/s, £15. Avo 7, £10. Multiminor, £7. All in work-
ing order with handbooks. Carriage extra. S.A.E. for en-
quiries please. Box (Middx.) No. G289.

WANTED: Volume No. 24 Radio & Electronics Constructor
(Bound) wanted by private collector. Also interested in
buying other. magazines, especially American ones.
Preferably complete years. Not necessarily bound. Write
first giving details and prices to Box No. G290.

WANTED URGENTLY suitable complete working
amplifier assembly for “Collaro Studio” 2-track T-deck.
All letters answered. Box No. G291.

FREQUENCY LIST TRANSFERS. We have a limited
supply of sheets of Dial Frequency Transfers in black.
Short Wave frequencies 1.8Mc/s to 32Mc/s and 144Mc/s
and 146Mc/s. Includes amateur band marker frequencies
at 100kc/s points and other short wave frequencies from 2
to 32 Mc/s at every 500Kc/s points. Each frequency is
repeated. ‘I'wo sheets for 5p., five sheets for 10p., postage
(lig.NData Publications Ltd., 57 Maida Vale, London, W9

(Continued on page 191)
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VALVE
BARGAINS

Any 5 60p, 10 90p, 50
£4.00, 100 £7.50. Your
choice from the following
list:

ECC82, ECL8O, EB91, EF80,
EF183, EF184, PC86, PC88,
PC97, PC900, PCC84,
PCC83, PCC189, PCF80,
PCF802, PCF805, PCL82,
PCL84, PCL85, PCL805,
PCL86, PFL200, PL36,
PL504, PY33, PY81, PY800,
PY88, EH90, 30FL1, 30FL2,
. 30PL14.

'PL508, PL509, PY500/A.

Press 4 Button UHF Tuners
£2.50

Colour Valves 30p each -

AERIAL
BOOSTERS

We make three types of
Aerial Boosters all for set top
fitting, with Co-ax Plugs and
Sockets.

B11
Standard VHF Radio.
B12 — For the older VHF
Television, please state
BBC1 and ITV Channsls.

B45 — For mono or colour
this covers the complete
UHF band.

All Boosters are complete

with Battery and take only |

minutes to fit.

Price £3.90 each

— BC172.

BARGAIN PACKS

All Components in the Bargain Packs are unused and marked.

Pack 1 - Polyester (C280) Axial Leads Capacitors — 250V/\W
& 400V/W, very good mixed selection from 0-01uF to 2-2uF
Price 100 £1.25, 1000 £10 (our choice).

Pack 2 — Transistors — any 10 90p, any 100 £8 (your choice).
AC128 - AC176 —BC113 -BC115 -BC135 - BC153 —-BC171

Pack 3 — 15 Mixed Pilugs. mixed selection of co-ax, din 2-3-5
pins, jack standard — 3-5mm-2.5mm. Price £1.25.

Prices include VAT P&P under £1/10p, £1 to £3/15p, above £3/20p.
Overseas at cost. Money back guarantee on all orders.
ELECTRONIC MAIL ORDER LTD., 62A BRIDGE ST.,
RAMSBOTTOM, BURY, LANCS.

Tel. Rams. 3036

— For Stereo and |

E 3

amateur.

Learn how to become a radio-

amateur in contact with the whole

world. We give skilled preparation

for the G.P.O, licence.

{Block caps please}
C L L 3 L 1 1 1 [ [ ' 1 [ 1 [ 1 J 1 ©1 [ 1 1 1 @1 1]

Z WAA-
R A S T A G S D O e

-

Brochure, without obligation to: REB 105 l

BRITISH NATIONAL RADIO [ ]

& ELECTRONICS SCHOOL, Dept ¥

P.0.Box 156, Jersey, Channel Islands. :

NAME 1

§

ADDRESS [}
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RADIO

MODELLER
ELECTRONICEIITE

@ MODEL RADIO CONTROL

Detailing both Theory and Practice, this book,
by leading authority Paul Newell, has become
the standard reference work. A brief historical
survey leads up to a detailed description of
proportional systems, with over 100 ilfustrations,
including theoretical circuits and p.c. layouts for
an advanced digital system.

U.K. Packing
134 pages.

Price £2.25 & Postage 32

ON SALE NOW
at all leading shops
or direct from:—

RADIO MODELLER
BOOKS DIVISION,

64 Waellington Road,

Hampton Hill. Middx.
L

SPECIAL OFFER
FREE—741 Operational Amplifier 1.C. with every copy of
R. M. Marston’s book “110 Operational Amplifier Projects
for the Home Constructor”, price £1.80. Includes circuits for
musical instruments, fire alarm, burglar alarm, touch-
activated switch and many other exciting projects.
ZN414 £1.10

Ferranti Application Booklet for ZN414 25p

ZN1034E New Ferranti Precision Timer 1.C.
£2.90

Ferranti Data Sheets for ZN1034E 10p
741 Operational Amplifier {.C. 33p

RADNAGE RADIO & ELECTRONICS
2 Bottom Road, Radnage, High Wycombs, Bucks.

Prices inclusive. Add 15p Post and Packing UK, 60p Exports.
Mail order only

CLEARANCE BARGAINS
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.
ASSORTED CAPACITORS, Silver Mica, Tubular and Disc
Ceramics, Polystyrene. Trernendously good selection 300 for £1.70.

MULLARD FERRITE CORES LA3 54p, LA4 81p, LA2100 54p.
OUT OF SPEC. 2N 3055 5 for £1.08
CERAMIC FORMERS L23Imm Diam. 13mm Bore 1 end Bmm other
end 4mm 100 for £1.88.
ROTARY SWITCHES very good quality 1P x 18 way x 3 banks é5p
Please note all prices include Postage and V.A.T.
_MAIL ORDER ONLY

XEROZA RADIO
1, EAST STREET,
BISHOPS TAWTON,
DEVON

ESSENTIAL

BOOKS:

POWER SUPPLIES FOR ELECTRONIC EQUIPMENT. J. R. Nowicki. Publish-
ed recently in 2 vols A full treatment of all power supplies is given Includes rectifi-
cation, inverters, transverters, silicon diodes and other electronic devices. With full
circuit diagrams and component values. Originally published at £4.50 per volume.
Bargain price £4 for the 2 volumesincl. postage.
THE MOBILE RADIOTELEPHONE EQUIPMENT HANDBOOK. Gives cir-
cuits. data and illustrations plus some valuable modification details for COMMER-
CIAL RADIOTELEPHONE equipment. Price of this edition including postage £6.25.
NE?WTO MAKE WALKIE-TALKIES FOR LICENSED OPERATION. 40p. p.p.
15p.
HOW TO MAKE 2M & 4M CONVERTORS FOR AMATEUR USE. Fully com-
prehensive. Contains circuits layouts, component lists, diagrams and full nstruc.
tional notes. Price 60p. p.p. 15p.
THE GOVERNMENT SURPLUS WIRELESS EQUIPMENT HANDBOOK.
Gives circuits, data and illustrations plus valuabfe information for British/ USA re-
ceivers, transmitters. trans / receivers. £4 including postage.
DIRECTORY OF GOVERNMENT SURPLUS WIRELESS EQUIPMENT
DEALERS! Gives details of surplus wireless equipment stores and dealers including
addresses plus equipment and spares that they are likely to have available. A valuable
book only 50p p.p. 15p.
GETTING THE BEST FROM YOUR COLOUR TV, R. Maude. Essential advice for
colour TV engineers and owners. Could save you pounds. 50p. p.p. 15p.
THE THEORY OF GUIDED ELECTROMAGNETIC WAVES. The most com-
prehensive book yet written about waveguides. transmission lines, cavity resonators.
Over 500 pages. Ideal for anyone interested in Radar and UHF. Published at
£11.50.Special offer £4.50 p.p. 50p.
INTERNATIONAL DICTIONARY OF SEMICONDUCTORS. A 2-volume elec-
tronics dictionary published at £16 available at less than half price. In 7 languages 1t
proves an invaluable addition to any collection of electronics reference books. Con-
wined are 1373 pages packed with information. In leather styled finish. Only £6.50.
p.p. 50p
THE RADIO CONTROL MANUAL. Contains numerous plans, photographs and
instructions. A large format hardback book published at £1 .25. Bargain price 60p.
p-p. 20p.
THE THEORY AND DESIGN OF MAGNETIC AMPLIFIERS. 487 pages.
Published at £1.75. Bargain price 75p. p.p. 25p.
WORKED EXARPLES IN ALTERNATING CURRENT. A must for the student,
technician and electrical engineer. Contains numerous examples and how they were
arrived at. Published at £1.25. Bargain price 60p. p.p. 20p.

THE BARGAIN BOOK GAZETTE. Contains thousands of interesting new and out
of print books at bargain prices. Subjects include all types of hobbies. collecting.
1001 interests. Published reguiarly and sent free on request.

Dept. R. C. GE\.ALD MYERS (Publisher & Booksseller), 138 Cardigan Rd..
Headingly, Leeds 6, Yorks. (Callers Welcome). .

I.C. EXPERIMENTAL/EDUCATIONAL KITS

Learn about modern electronics with our new step-by-
step Kits. Use and understand digital logic techniques.
Kits contain specially selected I.C.'s, Holders, Veroboard,
L.E.D.'s, instructions and data. First three Kits in the series
are now available:

KIT ONE GATES
KIT TWO FLIP-FLOPS
KIT THREE SHIFT REGISTERS
Each Kit £3.50 (including P. & P.)
Also available: Experimenter's Pak, £3.00

Contains 1.C.'s of Gates, Flip-Flops, Inverters, Counters,
Holders and Data.
S.A.E. for further details to:

AUTOMATED HOMES

69 High Street, RYTON, Coventry CV8 3FJ
{Mail Order Only)

MORSE 227 BY THE RHYTHM METHOD !

FACT NOT FICTION. ¢ you start RIGHT you will be reading
amateur and commercial Morse within a month: (Normal progress
to be expected.)
Using sclentifically prepared 3-speed records you automaticaily
fearn to recognise the code RHYTHM without translating. You
can’t help it. It's as easy as Jearning a tune. 18-W.P.M, in 4 weeks
guaranteed. For Complete Course 3 Records & Books send £4-95
including P.P.1. etc. (overseas surface mail £1 extra.)

For further details of course Ring 01-660 2896 or send large S.AE,
for explanatory booklet to:—S. BENNETT, GIHSC

(Box 38) 45 GREEN LANE, PURLEY, SURREY
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SP15D (15W)
£2-52 + VAT
(20p)

SMALL ADVERTISEMENTS

{Continued from page 189)

$P25D (25W)
£2-52+ VAT
(20p)

FOR SALE: Barely used ex-electronics Club: Trio 9R59DS
£30; Tech. 3" Oscilloscope £30; Tech. RF and AF
generators, £10 each; or £70 the lot. Carriage forward.
Layzell, Botton Village, Danby, Whitby, Yorkshire.

FOR SALE: Manufacturers’ reject walkie-talkies £20.00,
working £30.00 (licence required). Miniature f.m.

. o
EXPERT SOLDER GUN
£6-80 +VAT{54p)

EXPERT SOLDER GUN KIT
{SPARE BITS, CASE, ETC.)
TCPY + PUID £9-80 + VAT (78p)

Temperature controtled Tron & BSU
transmitter . with microphone £5.50 (licence required). £18-43 4 VAT(EN-47) SN :;swmm
Miniature 12VZP.C.0. relay 30p. IN4007 10p, ZN3819 s
15p. 10A scr's 50p. XN3 ex-eqpt. 75p. 3015F Minitronl. 1
1N914/6 diodes- unmarked, 50-50p. 1lb. ferric chloride SOLDER SUCKERS  STANDARD MODEL “'”'V‘:“”
75p. 20 mixed crystals £1.10. P.C. pens 75p. TO3 sockets SKIRTED MODEL  £4-95 + VAT (40r)
15p. 100 Unmarked BZY88 50p. 50 unmarked ZW zeners
50p. 100 3-5-7-10W resistors £1. Switch cleaner 50p. wth SERVISOL PRODUCTS. SIDECUMTE RS
in. dia. steel wire rope, 100 ft. 75p. S.A.E. for sample. Used Shperiseriiglh e ) "CRESCENT
cassettes 75p. 10-£1.75. Non-working 19" colour televisions Foam Cleanser &p + VAT Sp e i)
£35. 8 No. 625 mercury cells in case 10p. Stereo cassette Hondss =0 e
mechanism £15. Ni-cad bettery chargers 50p. Tacho- Ficeze-l bor sandard  50p + VAT 4p MINIATURE PLIERS
meter motors (needs voltmeter to act as tachometer) £1.50. i ] o 7 HoHQuETiY
Unused surplus Avominor, leather case, £8. Self-sealing Serviiol standard fin &5p Zero — AMADE IN USA
plastic bags, mixed sizes, 100-75p. Stereo cassette Supa Freeze-I Boz fin  65p +VAT 3 £4-35 + VAT (35p)
mechanism £12.50. 4mm plugs and sockets 15p. Box No. g
(292. B SPECIAL OFFER - MIXED BAGS - CAPACITORS 50p, RESISTCRS 50p
FOR SALE: Light diodes (produce up to 1mA from light) MULTIC ORE SOLDER _
10p. 25 unmarked BC107/8/9 50p. 25 unmarked 2W B pizes savell 16yt gy B o R AL

zeners 50p. 50 unmarked BZY88 50p. 25 3-5-7TW resistors
50p. 0.5V 60mA silicon solar cells £2.00. Box No. G293.

Size 12 SAVBIT 18swg on plastic reel £1,80 + VAT (15p)

B.BAMBER ELECTRONICS ()

P E RSO N AL 5 STATION ROAD LITTLEPORT CAMES, CB6 1QE  TEL: ELY (0353) 860185 {2 Nnes)
Touea g sugese: oo wine anore won UL SEEL R e gt
JANE SCOTT FOR GENUINE FRIENDS. Introduc- NIRRT SRt T e rACKNomOnY PLEASE ADO VAT AS SHOWN

%ons 1|‘,o tgpposéte sex withJ sinceéity and (tjhoughtful}:ne;s.
etails free. Stamp to: Jane Scott, 3/Con- North St.
Quadrant, Brighton, Sussex, BN1 3GdJ. ENGINEERS

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,
“Icknield,” Hilly Plantation, Thorpe St. Andrew,

Norwich, NOR 85S. YOURSELF FOR A

YOUNG MAN DISABLED needs work at home. Elec- ’ '
tronic/ wire assembly. Would collect and deliver. Mr. B. BETTEB I“' B wiTH M““E P Av
Grimes, Llainwen, Glanrhyd, Cardigan;Wales, SA43 3PE. . .- e d'
. 5 A . e o Do you want promotion, a befter job, higher This helpful guide to success sho rea

? “New rtunities” shows you inuw eve) itious eer,

S R e o D i n 30 thesrope i owisioplorabolliody Sl LR g
to be housed in a 20’ dome of novel design. All labour being 2" Pey-esyouleam. you. Tt could be the best thing you ever did.
given by volunteers. Already supported by Industry and S EERE CUT OUT THIS COUPON I HIll NN HEN
Commerce in Norfolk. Recreational. Educational.You can ' CHOOSE A BRAND NEW FUTURE HERE!
be involved. Write to: NAS Secretary. The Manse, Back Tick or state subject of interest, Post lo the address below.
Lane, Wymondham, Norfolk. Motor Mechanics Inst. Eng. & Techs

showsm! (

a
C & G Motor V Mechs g ‘I\c,ainplce Eng.

ARE YOU ADVENTUROUS? If so you can make ex- I Prac. Radio & Electronics  Gen. Auta Eng. elding

(with kit) o AMIMI O Computer Prog.

oooo

citing new friends. Write: S.I.M. Computer Dating, B e ng Cert. D Air Regn, Brd. Certe. 8 Inst. of Cost — Manage- I
g p Gen. Elec. Eng. Cert. O MAA JILM.I. Dip. o] ment Accta. a
(REC/3), 109 Queens Road, Reading, Berks. C& G. Elect. i"v’v“"k O Heat, Venaliting & Air _ Cen Dm0 l
ESSEX GARDENERS. Buy your Bedding and rock I Y ol ] ol fiee eaeh g I
%lants', shrubs, etc., also cacti from May’s Nurseries, 608 Colour TV Servicigg .0 Juline Pein 0. pesa_ ke
ayleigh Road, Hutton, Brentwood, Essex. Callers only. I & G Telocoms. Toch- | (orpeniry & Joinery B | \eval subiocts— o 4 I
Monday to Saturda C& G Radio, TV & Elec.  Plumbing Tech. @] {{erisetts 2o 0u
W Y. tronics Mech. Cert. 0O General Building o | 10.000 group passes
' : R e N G NGBS S oy ]
FINE COPPER BRAID — FOR FLEXIBLE CONNECTIONS AND — io Serv. & Rep. 0 AMSE, (Mech, ching for mar
DONT ALL RUSH — BUT SOME OF QUR CUSTOMERS HAVE Radio Amateurs Bxam 0 General Mech Eng @ major_ examinations
ACTUALLY BEEN KNOWN TO USE THIS FOR DESOLDERING — To QLDERMASIUNH CU:;‘EGE. Ugfpﬁt TR:1F0. REAUING RG7 4PF
. IT'S CERTAINLY CHEAP ENOUGH! g so at our London isory ice, ore Street
5 yds. 1/16” Tinned Copper Braid {Pack W45) 30p I Avenue, Moorgats, London, EC2Y 5EJ Tel: 01-628 2721 [TRE10 I
10 'vda. 137" Plan Copoer Srad {Fack Wad) R | e ek ot e i
ALL ABOVE INCLUDE VAT & POSTAGE THIS MONTH. AT ERE SR G M) e el 0 S il
_ TERMS CHEQUE OR P.O. WITH ORDER (CROSSED) POSTCODE. ........... other subjects......... Age...... l
10p stamp fo‘r“l_i‘S_tA t;‘r 1f;’feewsiﬂ': orag[r) if(:qtgsteez::. r\:;'sil order. only. Accredited by C.A.C.C. Member of A.B.C.C.
10 DRYDEN CHAMBERS, 119 OXFORD STREET. LONDON W1R 1PA HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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SMALL ADVERTISEMENTS

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

w— | |

15 words at 5p
.= 75p.

l

" ALL WORDING

| 3 7 IN
i BLOCK LETTERS
PLEASE
t
| enclose remittance of............... being payment at 5p a word. MINIMUM 75p.
Box Number, if required, 10p extra.
R T S Bt e £ 0 e 7 2 LI < o o ol o oo oS- PR AR AR IS
ADDRESS

.....................................................................................................

Copy to be received four weeks prior to publication. Published on the 1st of every month.

DATA BQOK SERIES

DB5 TV FAULT FINDING
132 pages. Price 90p, P. & P. 12p

DB6° RADIO AMATEUR OPERATOR’S HANDBOOK
88 pages. Price 70p, P. & P. 10p :

DB16 RADIO CONTROL FOR MODELS
Now out of print

DB17 UNDERSTANDING TELEVISION
512 pages. Revised edition available September

DB18 AUDIO AMPLIFIERS
128 pages. Price 53p,'P. & P. 12p

DB19 SIMPLE SHORT WAVE RECEIVERS
140 pages. Price 80p, P. & P. 12p

Pastal 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 1SN

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS

RADIO & ELECTRONICS CONSTRUCTOR
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DIRECT SUPPLY SERVICE TO READERS

TOWERS INTE
TRANSISTOR

This is dead!

Ifittakes you longer than
1 minute to find out all about
these transistors then you

RNATION
SELECTO

Japanese. And we think that they
will solve 30% of your transistor
enquiries.

N need a copy of TOWER'S Current and widely used
INTERNATIONAL obsolete types were carefully
EZ'LAEr“CSTIgTROIT selected and afranged in
-ltsone H 14?2 Numero-Alphabetical
otemostuserul  YVOUN this replace it? fumero-Alshabetical
working books you will = was uniquely qualified to
be offered this year. And 1 2 do the job. With his
probably the cheapest ! - c>n< - compendium, all you need
In ityou willfind a really = to know is the type number
international selection of and you can learn all about a transistor’s
10,000 transistor types — British, specification ; who made it and where to
Continental European, American and contact them ; or what to use to replace it.
Look at the entry for 2N909
™ 1 T [ H i
TRANSISTOR PACK- | LEAD | veB | VCE | vEB | ¢ J e T 0B | H FE EURD | usA
NUMBER | LT | AGE | INFD | MAX { MAX | MAX [ MAX | MAX | TOT |MiM MAX| FE | BIAS |USE [MFR | EQVT | EOVT [iSs
2N909 NS | TO18 LOt 60V | 30V SV |200MA| 175C [SOOMWF | SOM  25P | 110MN | SOMA | AMG | SGi | BSX 33 | 2N731 (o]
This is what you will learn from it Tower's by T. D. TOWERS
o S POL| WE esoVero | Yoo [ e {T. 1 Pror|tr | Cou | M (',f use | sup| Uk usa lnternational MEE e BSC' CEng‘ PIERE
ENO Sy 65 1FN| MAX MIN [Max is1as) th [sus|sus 1SS Transistor £3 30
gheron " | s frors{ Lot |sov aov | sv | 222 hrsclets o kan o maa s | s s s selector inc. post and packinig
* FOOTNOTE e R s == NI
NUMERO-
ALPHABETIC 2?;3%‘(% | TO —DATA PUB LICATI ON S LTD. I
N - N?N STANDARD
2 E.i'.'c"o‘.{‘"‘" rossisie | 57 MAIDA VALE |
AEsen Yo Case pccsstom LONDON W9 1SN
APPENDIX C STANDARD POSSIBLE I l
R(F!l YO I.!AD OETAILS — SUASTITUTE | J
CODE INDICATION POSSIALE P eas end i
Sgt#:‘f';'s:.::f::i: = SPos S rorgel | es me ... copy/copies
somaw x| |10 the address shown below |
&?:Ll?g:.n&wssmu coDE INDICATION OF
VOLYAGE WITH BASE OPEN-CIACINT APPLICATION USAGE— l
MAKIMUDA Hlﬂl!SIll! !MI"(I—-IAS M’}M ____ = I 4
| VOLTAGE WiTH COLLECTOR OPEN.CIACUIT BIAS CURRENT AT WHICH CURRENT NAME _______________________ i
[MAXIMUM PERMISSIBLE COLLECTOR CURRENT S R ARACTER €0 | --------------------------------
M‘AXIMUM ’(lulsrs:irmnc—n—on ;!_u_vt‘u;;l! gﬂﬁm(?ﬁ?u:?:':‘é"aﬂf, :UIY( BIAS| I AD D R ESS .................................................. |
- SPECIFIED— WHERE MIN {“MN") ONLY IS
MAXIMUM PEAMISSIBLE DEVICE DISSIPATION - F ' « 1N SPECIFIED TYPICAL ("TF) CAN Bf TAREN
FREE AIR-AT 28°C. "C = WITH CASE SURFACE HELD AT AS TWICE MIN AND VICEVERSA | ________________________________________________________________ |
25°C M =N FREE AIR AT 28°C WITH METAL HEAT — -—— e
SlNK ATTACHED TO DEVICE MAXIMUM COLLECTOR CAPACITANCE {TYMCAL |

USUALLY § TO { MAX)—NORMALLY EMITTER
DPEN-CIRCUIT AND INDICATED 8Y P -
PICOFARAD OR ° N" » MANOFARAD — FOR HF
OEVICES Cp 1S GIVEN AND PICOFARADS THEN
INDICATED BY "R” INSTEAD OF “ P~

MINIMUM FREQUENCY CUT OFF. F,. INDICATED. IN.

K = KILOHERTZ M = MEGAHERTZ G = GIGAHERTZ

Fy = FREQUENCY AT WHICH COMMON-EMITTER CURRENT
GAIN DROPS TO UNITY. TYPICAL F, CAN BE TAKEN AS
ROUGHLY TWICE F, yu

1SS COLUMN INDICATES ISSUE NO OF OATA LINE ENTRY
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