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Each £3 unit of Home Unit Insurance gives you protection up to the limit shown

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

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

THE GENERAL AGGIDENT FIRE & i, . . . .. ,_U;h;;;;;; ol
LIFE ASSURANGE GORPORATION L TD' ihe Home Unit Insurance ;

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

mom] ng, (| e ey .2.0194-68 i
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JUNE 1976
Volume 29 No. 11

Published Monthly (1st of Month)
First Published 1947

Incorporating The Radio Amateur

Editorial and Advertising Offices
57 MAIDA VALE LONDON WS 1SN

Telephone
01-286 6141

Telegrams
Databux, London

Data Publications Ltd., 1976. Contents
may only be reproduced after obtaining
prior permission from the Editor. Short
abstracts or references are allowable
provided acknowledgement of source is
given.

Annual Subscription: £5.00 (US.A. and
Canada $11.00) including postage. Remit-
tances should- be made payable to “Data
Publications Ltd". Overseas readers please
pay by cheque or International Money
Order.

Technical Queries. We regret that we
are unable to answer queries other than
those arising from articles appearing in
this magazine nor can we advise on
modifications to equipment described.
We regret that such queries cannot be
answered over the telephone; they
must be submitted in writing and
accompanied by a stamped addressed
envelope for reply.

Carrespondence should be addressed to
the Editor, Advertising Manager, Sub-
scription Manager or the Publishers as
appropriate.

Opinions expressed by contributors are
not necessarily those of the Editor or
proprietors.

Production.—Web Offset.
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COMPONENTS

HOBBYIST - PROFESSIONAL - DOMESTIC - SURPLUS - INDUSTRIAL
JUSTAFEW OFOURBARGAINS ARELISTED 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 suficient payment for registration (1st class letter

JAP 4 gang min. sealed tunlng condensers New 36p

post) or compensation fee (parcel post) included. Ex-egpt. 2 or 4 gang . ... 20p
VALVE BASES TO3 or TO66 ELECTROLYTICS MFD/VOLT. Many others

P;)mted circuit %9A—B7G 4p | Mica Washer .. 2p in stock 70- 200- 300- 450-
Chassis B7-B7 - _8p | 18 volt 4.amp charger. | yp 15 10V 25V 50V 75V 100V 250V 350V 500V
Shrouded chassis B7G—~B9A .. 10p bridge rectifier 50p Mr::D V500
BBA—-BYA chassis—B12A tube . 10p | GC10/4B £3.00 10 4p 5p 6p 8p 10p 12p 16p 20p
Speaker 6 x 4”5 ohm ideal diof1. Telescopic aerial 25 4p 5p 6p 8p 10p 15p 18p 20p
peaker 68" x ohm ideal for car radio£1.26 Closed 93", open 383" 50 4p 5p 6p 9p 13p 18p 25p —
TAG STRIP - 6 way 3p | VHF Radio Tuner Head| Fitted right angle TV| 100 5p 6p 10p 12p 19p 20p — —
9 way 5p Single 1p| Takes ECC 85 80p plug. 50p 250 9p 10p 11p 17p 28p — 85p £1
BOXES — Grey polystyrene 61 x 112 x 31mm. top secured by 4 _ | , 590 }gg };g o ;‘s‘g e
selt tapping screws 32%p 2000 23p 37p 45'; . _

Clear perspex sliding lid, 46 x 39 x 24mm 10p
ABS, ribbed inside 5mm centres for P.C.B., brass corner inserts,
screw down lid, 50 x 100 x 25mm orange 48p: 80 x 150 x 50mm

As total values are too numerous to Ilst use this
gnce gwde to work out your actual requirements
/20,10/20,12/20 Tubular tantalum 15p each

black 70p; 109 x 185 x 60mm black £1.04 16-32/275, 32-32/275, 100-100/150, 100-
ALUMINIUM 8 ' x6 x3" 89p 100/275 50-50/300 20p each
3" x2"x1’ 39 47« ? "x2" 46p 10" x4} x3" £1.02 50/50-385 X 30p
237« 17%1}746p 4" x "x13'58p 12°x5"33" £1.20 12,000/12, 32-32- 50/300 700/200 100- 100—
4" x4"x1}" 45p 6" x 4 X 2" 65p 10" x7"x3° £1.22 100-150-150/320 . 50p each
4" x23"x1}" 46p 7" x5"«x 237 79p 12" x8"'x3" £1.50 20-20-20/350 40p each
SWITCHES RESISTORS RS 100-0- 100 mlCrO amp null indicator

Pole Way Type $-1-4 watt 1p (Approx. 2" x 3" x §" . ... ... ... £1

4 2 Sub. Min. Slide 18p |1 watt : 2p INDICATORS

6 2 Slide 20p | Up to 5 watt wire 10p | ggin D676 red, takes M.E.S. bulb 30p
4 2 Lever Slide 15p | 10 watt wire 12 volt or Mains neon, red pushfit 21p
‘:: ::); ?I:;de | 11§P ‘1"’5°U”dn . }ip R.S. Scale Print, pressure transfer sheet .10p

amp small rotary p watt . . P "
2 2 Locking with 2 to 3 keys |1 or 2% three times| CAPACITOR GUIDE — maximum 500V
£1.50 | price. Up to .01 ceramic 3p. Up to .01 poly 4p Up to

2 1 2 Amp 250V A.C. rotary 24p |55 1IOOOPF‘S|lver mica Bp. 1,200PF up to .01
Wafer Rotary, all types 30p Bzgl';%gd::;’; C(?va;ras silver mica 10p. .013 up to .1 poly etc. bp

S.P.S.T. 10 am 240v. white rocker switch with
neon. 1" square flush panel fitting 46p
S.P.ST dot 13 amp, oblong, push-fit, rockeIQOp

AUDIO LEADS
5 pin din plug 180° both ends ¥ Mtr, 80p
3 pin din to open end, 1g?ld twin screened 35p
Phono to Phono piug, 6ft. 35p

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

3Ib for 85p +/75p post and packing

7I1b for £1.95+£1 post and packing

Skeleton Presets 3" Tape Spools 8p
Slider, horizontal or verti- 1" Terry Clips 4p

cal standard or submin. 5p 12 Volt Solenoid 30p

KNOBS
SILVER METAL PUSH ON WITH POINTER, OR
WHITE PLASTIC, GRUB SCREW WITH GOLL
CENTRE 8p EACH
17 DIAM. WITH 13" SKIRT SPUN ALUMINIUM
GRUB SCREW FIXING, }" 35p EACH

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

REGULATED TAPE MOTOR

9v d.c. nominal approx 13" diameter 80p

2N21 through to
2N5558 plus some
3N's. Type/connection/
parameter details £1.50
No VAT

POTS
Log or Lin carbon 16p

Switched 32p
Dual Pots 44p
Dual & switch 60p
Lin wirewound 25p
Slider Pot 40p
Dual Slider 52p
1.5m Edgetype 8p

THERMISTORS
VA1008, VA1034.
VA1038, VA1040, |
VA1055, VA1066,
VA1082, VA1100 |
VA1077,

VA1005, VA1026

10p

15p

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

RELAYS

12 velt S.P.C.O octal
mercury wetted high
speed 75p
P.0. 3020 type, 1,000
OHM coil, 4 pole c/o

60p
Mains or 12v d.p.c.o
heavy duty octal 80p

Boxed GEC KT88

valve £2

THE RADIO SHACK

161 ST. JOHNS HILL, BATTERSEA,

LONDON S.W.11

Open 10'a. . till 7 p.m. Monday to Saturday ~Also Sunday afternoons '

Terms: Payment «V!Lt_!l order

850

Telephone: 01-223 5016

.12 up to .68 poly etc. Bp.

Over 500 volt order from above guide and few

others listed below.

8p. .1/600: 12p. .01/1000, 1/350, 8/20, .1/900,

.22/900, 4/16. .25/250 AC (600vDC) .1/1500

40p. 5/1 50, 9/275AC, 10/150, 15/150, 40/1 50.
TRIMMERS, 20p each

100PF Ceramic, 30PF Beehive, 12PF PTFE

2500PF 750 volt, 5 x 50pF, 2 x 220pF,

50PF CERAMIC.

CONNECTOR STRIP
Belling Lee L1469, 4 way polythene. 8p each

11 glass fuses 250 m/a or 3 amp {box of 12) 24p
Buigin. 5mm Jack plug and switched socket {pair) 30p
1" or 14" or 2” or §” CAN CLIPS 3p
MAINS DROPPERS
36+79 ohm 2bp
66+66-+158 ohm, 6666137 ohm
17-+14.-6 ohm, 26614193 ohm 30p
50+40-+1k5 ohm
285.-575-+-1484+35 ohm 40p
251354 975930 ohm
51” x 23” Speaker, ex-equipment 3 ohm 30p
2 Amp Suppression Choke ., 7p
3 sz,x " PAXOLINE 4p
A 1
PCV or metal clip on MES buib Holder . .5p
VALVE RETAINER CLIP, adjustable 2p
OUTPUT TRANSFORMERS
Sub-miniature Transistor Type 650p
Valve type, centre tapped or straight 40p

12 volt volt 7}5/\
Transformers

Whiteley Stentorian 3 ohm constant impe-
dance volume control way below trade at 80p
Drive Cord . 2p per yd.

250M/A or

e

RADfO & ELECTRONICS CONSTRUCTOR
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SEMICONDUCTORS ’ BSX20/21 13p 4 £
Full spec. marked bv Mullard. etc. Many other tvoes in stock BZY%OS 28p mg:gs gp
ACT07 .. BC184C/LC BF180/1/2/3 BSY95A 9p ! p
AC128 BC186/7 se BF184/5 16p | BU105-01 0 83p 8A145/1,48 }8"
AC176 11p | BC213L/214B ..  9p| BF194/5/6/7 - 7p | CV7042 (OC41 OCaa, FOULED 100
ACY28 . 18p | BC261B 10p | BF194A/195¢C/200 10p | ASY63) Tp [ B2y 110 Varica 145
AD149 . 40p | BC327/8 10p| BF258/262/263 20p | GET111 40p [ B3 Triple p
AD161/2 matched pr.69p | BC337/8 11p | BF336 25p | 0C35 325p Varicap 37p
AF116 . 12p | BC547/558A 7p | BFS28 Dual Mosfet 92p ON222 30p BA182 18p
AF124/6/7 .. 20p | BC548/557 9p| BFW10/11 F.ET.  26p | TIP30 43p 1 5A5/7/10 14p
AF139/178/180/18130p | BC548/A/557/559 9p| Brw30 £1.35 | TIP3055 50p | oovag Up to 33 volt8p
AF239 .. .. 20p| BCX32/36 .. 12p| BFW57/58 20p | TIS88A FET 23p | pSlaT T won 20p
ASY27/73 25p | BCY40 .. 60p| BFX12 | _ 20p | ZTX300 13p BR100 Diac 20p
BC107Aor B . 9p | BCY70/1/2 12p| BFx29/30/84/88  16p | ZTX341 - 1Bp ~INTEGHATEG CIRCUNS
BC107/8/9 .. 7p | BD112/3/5/6 40p | BFxgy . 35p [2N393/MA393..  3op | . IRTESS 2%
BC108A/B/109B/C 10p | BD131/2/3/5/7/9 30p BFY50/1/2 12p 2N706 .. 9p 723 reg (Togg)_dsp
BC147/8/9 ..  7p| BD142.. 45p! Bryso . 50p | 2N929 190 1 741 8 pin d.il. op.
BC147A/B . 8p | BD201/2/3/4 £1.00| BR101 1e b1030p | 2N 987 350§ Amp 20p
BC148A/B/C, 9B/C/S8p | BD232/4/5 46p | BRY39 »Unjjonction 31p | 2N1507/2219 . 14p TAD1OO AMRE  £1.3D
BC157/8/9 70 | BDX77 £1.40| BRYS6 ) 34p | 2N2401/2412/2483 258 | £A3001 RF, Amp BOp
BC158A/B . 1p| BF115 .. 10p| BSV64 .. 40p [2N2904/5/6/7 .. 10p | TAA300 1wt Amp£1.84
BC159B/C,1567A  11p | BF167/173 10p| BSV79/80 F.ET.s £1 [ 2N2907A 13p | NE555v Timer 40p
BC178A/8/179B 10p | BF178/9 20p | BSV81 Mosfet .. 90p |2N3053 C13p | TAAS50 Y or G 32p
BRIDGE RECTIFIERS 2N3054/3055(0r equiv)35p | 1AA263 Amp '80p
Amp Vot Amp Vot 2N3133 133 7400/10 9p
H T BN 00 d0p |06 10 EC433 15p | 2N4037 36p | 74024/20/30 lg‘;
f 14 42 BY164 51p 5 400 Texas 75p | 2N5036 .. 60p | 7438/74/86 27p
: - 25A141/2/360 .. 31p | 7483 74p
RECTIFIERS OPTO ELECTRONICS 25B135/6/457 . 20p | |M300, 2-20 volt £1.50
o 1Am/n L(/)%/r BPX40 65p | BF;TZ;S "ansciit%ro 40250 60p | 74154 £1.20
IN4004 4 4 BPX42 £1.00 -00 |- e
IN40OS ; €00 P Bvie €100 | ocP71 4ap |Amp Volt THYRISTORS
IN4006 1 800} 8p (VOLTIAC) BIGLED. 02 |1 240 BTX18-200 23p
IN4007 1 1.000 2v 50m/A max. |1 400 BTX18-300 25p
BY103 1 1.500  15p | BPY68 RED 13p |1 240 BTX30-200 23p
SR100 Udd 100 7p | BPY69 » £1.00 | ORANGE 15 500 BT107 £1.00
SR400 1.5 400 8p | BPY77 GREEN 15p |65 500 BT101-500R 90p
REC53A 15 1,250 14p Diodes | YELLOW 65 500 BT109-500R 75p
;vxoaza 600 %5 688 ;gp cLip 2p |20 600 BTW92-600RM .. £3.00
i : P | FHOTO SILICON CONTROLLED |15 800 BTX95-800R Puise Modulated £8.00
g:igg_gggﬂ gg ggg ‘;83 SWITCH BPX66 PNPN 10 amp £1.00 |30 1000 2RT10 (Less Nut) £3.00
BYX38-1200 25 1,200 86p . PAPER BLOCK CONDENSER Multicore Solder
BYX49-600 25 600 34p | 3" red 7 segment LED. 1414 550men 800 volt 30p| 18SWG 3p per foot
BYX49-300 25 300 26p D.I.Lt.0-9 + D.P.display 1.9v, 1MED 250 volt 15p
BYX49-900 25 900 40p | 10m/a segment. common |, \Gcn 250 volt 20p | ENAM. COPPER WIRE
BYX49-1200 2.5 1,200 52p | anode 700 | omFD 500 volt agp SWG. PER YD.
BYX48-300 6 300 40p 4MFD 250 volt 2
BYX48-600 6 600 50p cQy11B L_.E.D. hE o T »l = P 120-24 2 gp
BYX<8-900 6 900 60p | Infra red transmitter £1 dlex raction and inserti 40 26-42 .bp
BYX48-1200 6 1,200 80p One fifth of trade 1o _ 3 GARRARD
BYX72-150R 10 150 35p METAL CHASSIS SOCKETS GCS23T or GP93/1
BYX72-300R 10 300 45p | Plastic, Transistor or Diode | Car Aerial Crystal Stereo Cart-
BYX72-500R 10 500  55p | Holder 1p | Coax ridge £1.00
BYX42-300 10 300 30p | 1ansistor or Diode Pad 1p |5 or 6 pin 240° din %
BYX42-600 10 600  65p | |, . ds50pper100 | Speaker din switched HANDLES
BYX4§-$ggO :o 900  80p SR EARXE B 3.5mm Switched Socket Rigid light blue nylon
BYX42- 0 1 = T wi it
BYX46-300* 15 ggg £19.gg Philips iron Thermostat 15p | 8 way Cinch standard 61" with secret fitting
BYX46-400* 15 400 £1.50 Bulgin 2-pin flat plug and socket 10p | 0.15 pitch edge socket |SCrews 8p
BYX46-500* 15 500 £1.75 | McMurdo ?_FSQBHBEX%?S?: plug 10p 20p Belling Lee white
BYX46-600* 15 600 £2.00 'SINK ) ) i lastic surface coax
BYX20-200 25 200 60p Europlec HP1 TO3B individual 'curly UECL 102:68(¥Oopm pas;)llxctle:,bo:35p
BYX52-300 40 300 £1.76 | Power transistor type. Ready drilled 20p | COnnector 1 .
BYX52-1200 40 1,200 £2.50 e — wed 0A1P10 Op | Miniature Axial Lead
*Avalanche type S TTIEXLLXe b @F GCls U.E.C.L. 20 way pin |Ferrite Choke formers
ample lead ex new equipment
Amp Vot TRIACS ACY17-20 8p | OC71/2 5p | connector ) 2p
6 800 PlasticRCA  90p | ASz20 8p | 0C200-5 10p | 2A60000A1P20 20p | o™ i pot 1%
25 900 BTX94-900 £4.00 | ASZ21 15p | TIC44 24p | UEC.L 10 way pin | 250 500 Q: 1, 50,
25 1200 BTX94-1200 £6.00 | BC186 11p | 2G240 2-50 | socket 2BB06001R10 | 100K . £1.50
12-0-12 50M/A Min. Txtmr. 90p | BCY30-34 10p | 2G302 5p 10p
- BCY70/1/2 8p | 2G40 10p - Copper coated board
RS 2mm Terminals BF115 10p | 2N711 25p | UE.C.L. 20 way pin |10 x 9" approx.40p
Blue & Black 5 for 40p | gyq37 9p | 2n2926 7p | socketB260800A1R20
Chrome Car Radio facia 15p | BZYBB series 5p | 2N598/9 6p 20p TIE CLIPS
Rubber Gar Radio gasket 5p HMG1005 2p 2N1091 8p 35 Nylon self locking 7
- 302 8 5mm STEREO PLUG or 31" 2
DLI Pal Delayline 50p :ggggg gp 5:1907 ) 58 Metal screened  35p 3 P
Relay socket 109 | 78/9 25 Germ. diode 1p | Philips electronic eng- Gea'red f"Ob
Take miniature 2PCO relay M3 10p GET120 (AC128 | ineer kits add on series 8-1 ratio 1¢" diam,
B7G or B9A valve can bp | 0A81 3p in17sq. heatsink) | £1004 £1.00 each black 70p
0':10' ?10-1_5,4blackfpv(<j:r,]3§0° gﬁggoz g"; GET872 fgg RS Yellow Wander 11b Mixed bolts, nuts,
Qir ot i, self achesive, T - Hfllocas 20p | 253230  30p| Plug Box of 12, 25p |washers etc. ~ 45p
LTI ORI MAIL ORDER CUSTOMERS ONLY ADD
el Raliisyniiani iy 89, VAT-1 PAY BALANCE ON123%ITEMS
POSTAGE. INSURANCE, ETC. ALL ENQUIRIES, ETC., MUST BE ACCOMPANIED BY A
TOTAL GOODS PLUS CARRIAGE, ADD V.A.T. STAMPED ADDRESSED ENVELOPE

JUNE 1976
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THE MODERN BOOK €O
THE ELECTRONIC MUSIC INSTRUMENTS MANUAL

by Alan Douglas. 6th Edition. Entirely revised.

PRICE:

NEWNES CONSTRUCTORS GUIDE
ELECTRONIC COMPONENTS

by M. A. Colwell PRICE: £2.00
PRINTED CIRCUIT ASSEMBLY

by M. J. HUGHES PRICE: £2.00
ELECTRONIC DIAGRAMS

by M. A. Colwell PRICE: £2.00

INTRODUCING AMATEUR ELECTRONICS

by I. R. Sinclair PRICE: £1.50
DIGITAL ELECTRONIC CIRCUITS & SYSTEMS

by N. M. Morris PRICE: £2.60
HOW TO BUILD ELECTRONIC KITS

by V. Capel PRICE: £1.95

ELECTRONICS SELF-TAUGHT WITH EXPERIMENTS
& PROJECTS by J. Ashe PRICE: £2.35.
HANDBOOK OF IC CIRCUIT PROJECTS
by J. Ashe PRICE: £2.30
BEGINNER'S GUIDE TO TRANSISTORS

£8.00

HI-FI CHOICL CASSETTE DECKS
by A McKenzie PRICE: £1.25
StRVICING WITH THE OSCILLOSCOPE

by G. J. King PRICE: £4.85
UNDERSTANDING IC OPERATIONAL AMPLIFIERS
by R. Melen PRICE: 2.50
TTL COOKBOOK

by D. Lancaster PRICE: £5.656

PRINCIPLES OF TRANSISTOR CIRCUITS

by S. W. Amos PRICE: £3.65
TRANSISTOR ELECTRONIC ORGANS FOR

THE AMATEUR

by A. Douglas PRICE: £4.80
RADIO CONSTRUCTION FOR AMATEURS

by R. H. Warring PRICE: £2.70
THE RADIO AMATEUR'S HANDBOOK 1976

by AR.R.L. PRICE: £4.85
RAPID SERVICING OF TRANSISTOR EQUIPMENT
by G. J. King PRICE: £2.20

ELECTRONIC SYSTEMS FOR RADIO, T.V. &

by J. A. Reddihough PRICE: £2.26 ELECTRONICS MECHANICS

110 COSMOS DIGITAL IC PROJECTS by R. Lewis PRICE: £2.75
FOR THE HOME CONSTRUCTOR AMATEUR RADIO TECHNIQUES

by R. M. Marston PRICE: £3.00 by P. Hawker PRICE: £2.453

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

19-21 PRAED STREET (Dept RC) LONDON W2 INP
Telephone 01-723 4185

1. Understand 2.Become a
electronics. radio amateur.

Step by step, we take you through Learn how to become a radio-

all the fundamentals of electronics amateur in contact with the whole

and show you how easily the sub- world. We give skilled preparation
ject can be mastered using our for.the G.P.O. licence.

unique Lerna-Kit course.

(1)

Build an oscilloscope.

(2) Read, draw and understand
‘ circuit diagrams.
’ (3) Carry out over 40 experi-

ments on basic electronic
circuits and see how
they work.

A Q

e e

e WAA:
ST T T T P r Y r e rrrr I rr Errrry )

Brochure, without obligation to .
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, uvept. REX 66 i
P.O. Box 156, Jersey, Channel! Islands. ]
NAME '
ADDRESS Block caps please [§

652 RADIO & ELECTRONICS CONSTRUCTOR
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SPEAKERS SPEAKERS

Baker Group 25, 3, 8 or 15 ohms £8.64 Fane Crescendo 18, 8 or 16 ohms
Baker Group 35, 3, 8 or 15 ohms £10.25 Fane 910 Mk.I! horn

Baker Group 50/12 8 or 15 ohms £14.00 Fane 920 Mk.Il horn

Baker Group 50/15 8 or 15 ohms £18.62 Fane HPX1 crossover 200 watt
Baker Deluxe 12" 8 or 15 ohms £12.38 Fane 13 x8, 15 watt dual cone
Baker Major 3, 8 or 15 ohms £10.69 Fane 801T 8" d/c, roll surr.

Baker Superb 8 or 15 ohms £16.31 Goodmans Axent 100

Goodmans Audiom 200 8 ohms
Goodmans Axiom 402 8 or 15 ohms
Goodmans Twinaxiom 8, 8 or 15 ohms
Goodmans Twinaxiom 10, 8 or 15 ohms
Goodmans 8P 8 or 15 ohms

Baker Regent 12" 8 or 15 ohms
Baker Auditorium 12" 8 or 156 ohms
Baker Auditorium 15" 8 or 15 ohms

Castle BRS/DD 4/8 ohms

Celestion G12M 8 or 15 ohms £12.95

Celestion G12H 8 or 15 ohms £15.95 ooodmans 100 8 or 15 ohms
Calestion G12/50 8 or 15 ohms £16.50 cooqmans 20 8 or 1 ohms
Celestion G12/50TC 8 or 15 ohms £18.00 oooqmans s o 1o onms
Celestion G15C 8 or 15 ohms £26.95 GPoimans 12PD 8 or 15 ohms

Goodmans 12AX 8 or 15 ohms

Celestion G18C 8 or 15 ohms

A Goodmans 15AX 8 or 15 ohms
Celestion HF1300 8 or 15 ohms £6.98
Celestion HF2000 8 ohms £8.55 Soodmans 157 8 or 15 onms
Cetestion MH 1000 8 or 15 ohms £13.50 Guodr:?::ss Hifax 7;6‘, ohms
Celestion CO3K £4.46

Goodmans 5 midrange 8 ohms
Gauss 12 200 watt
Gauss 15" 200 watt
£17.25 Gauss 18" 200 watt
£4.50 Jordan Watts Module, 4, 8 or 15 ohms
T27
T15
8110

Decca London ribbon horn
Decca London CO/1000/8 Xover
Decca DK30 ribbon horn

Decca CO/1/8 Xover {DK30}

Kef
£11.92 ot
£3.56
£3.93 ¢

EMI 14 x 9 Bass 8 ohms 14A770
EMI 8x 5, 10 watt, d/cone, roll surr.
EMI 64" d/cone, roll surr. 8 ohms

Elac 59RM109 (15) 59RM 114 (8) £33 Kef B200
Elac 6} d/cone, roll surr. 8 ohms £3.83 Kef B139
Elac 10 10RM239 8 ohms £3.83 Kef DN8
Eayle Crossover 3000hz 3, 8 or 15 ohms £1.75 K=f DN12
Eagle FR4 £5.51 Kef DN13 5P1015 or 5P1017
Eajle FRBS £8.66 Lowther PM6
Eagjle FR8 £11.08 Lowther PM6 Mk.l
Eagle FR10 £14.06 Lowther PM7

Eagle HT15 £3.96 Peerless KO10DT 4 or 8 ohms
Eagle HT21 £6.13 Peerless DT10HFC 8 ohms
Eagle MHT10 £4.00 Puerless KO40,:5ARFC88°th

E i £8.10 Peerless MT225HF ohms
EadlefER28 multiclihomn Richard Allan CA12 12” bass
Fane Pop 15, 8 or 16 ohms £5.25 Richard Allan HP88
Fane Pop 33T, 8 or 16 ohms £8.75 R!Chard Allan LP88B
Fane Pop 50, 8 or 16 ohms £12.50 Richard Allan DT20
Fane Pop 55, 8 or 16 ohms £15,50 Richard Allan CN8280
Fane Pop 60, 8 or 16 ohms £17.95 Richard Alian CN820 . .
Fane Pop 70. 8 or 16 ohms £18.75 Richard Allan Super Disco 60W 12
Fane Pop 100, 8 or 16 ohms £27.95 STC 4001(3
Fane Crescendo 12A, 8 or 16 ohms £37.95 Tannoy 10" HPD

Tannoy 12° HPD
Tannoy 15" HPD
Wharfedale Super 10 RS/DD 8 ohms

Crescendo 12BL. 8 or 16 ohms £39.95
Crescendo 15/100A, 8 or 16 ohms £49.985
£57.95

Fane
Fane
Fane Crescendo 15/125. 8 or 16 ohms

WILMSLOW AUDIO

THE Firm for speakers!

£67.95 Baker Major Module 3, 8 or 15 ohms each £13.28
£15.75 Goodmans DIN 20 4 or 8 ohms each £13.28
£36.95 Goodmans Mezzo Twin kit pair £42.47
£2.50 Helme XLK 20 pair £13.50
£5.50 Helme XLK 30 pair £17.10
£8.96 Helme XLK 35 pair £21.60
£7.60 Helme XLK 40 pair £31.50
£13.46 Helme XLK 50 pair £60.40
£19.80 KEFkit 1 pair £44.10
£9.50 KEFkit Il pair £39.38
£9.86 Puerless 20-2 each £15.70
£5.95 Peerless 30-28 each £21.95
£6.25 Peerless 20-3 each £23.90
£14.95 Peerless 50-4 each £36.45
£16.50 Puerless 1060 pair £50.40
£16.95 Peerless 1070 each £41.40
EaghooPgerless 1120 i each £45.00
£45.00 Richard Allan Twin assembly each £13.46
£22 50R|chard Allan Triple 8 each £20.25
Eag'ooﬂichard Allan Triple 12 each £25.16
£16.00 Richard Allan Super Triple each £29.25
£4.05 Richard Allan RA8 Kit pair £37.80
£84.00 Richard Atlan RA82 Kit pair £59.40
£96.00 Richard Allan RA82L Kit pair 65.70
£129.00 Wharfedale Linton Il Kit pair £20.81
£15.3g Wharfedale Glendale 3XP Kit . pair £47.70
" Wharfedale Dovedale Il Kit pair £59.40
fo25
£6.75 HI-FI
£7.85 ON DEMONSTRATION
£15.08 in our showrooms:
£2.08  Akai, Armstrong, Bowers & Wilkins, Castle,
£5.39 Celestion, Dual, Goodmans, Kef, Leak. Pioneer,
£4.05 Radford. Richard Alian. Rotel, Tandbera, Trio.
£30.60 Videotone, Wharfedale, etc.
£3282 —Ask for our HiFi price list—
£48.60
£7.25
£8.28 THIS MONTHS SPECIALSI
£2.95 Pioneer PL12D £43.00, Pioneer PL15R £63.00.
£19.80 Pioneer SX434 £98.95
£11.93 Rotel RX202 £80.00
£8.33 Videotone Minimax || £39.00
£6.08
£16.20  we stock the complete Radford range of
£3.15 ampiifiers, preamplifiers, power amplifiers,
£16.95 tuners etc., and also Radford Audio Laboratory]
£5.90 aquipment. low distortion ‘oscillator, distortion
gG;.SO measuring set, audio noise meter etc.
73.78
£88.15 ALL PRICES INCLUDE VAT {Prices correct at 6/5/76

£13.50

COMPLETE KITS IN STOCK FOR
RADFORD STUDIO 90, RADFORD MONITOR 180,
RADFORD STUDIO 270, RADFORD STUDIO 360,
HIFI ANSWERS MONITOR (Rogers), HIFI NEW NO
COMPROMISE (Frisby), HI FI NEWS
STATE OF THE ART, WIRELESS WORLD
TRANSMISSION LINE (Bailey), PRACTICAL HIFI &

TRIANGLE (Giles), POPULAR HIFI {Colloms) ETC.
Construction leaflets for Radford, Kef, Jordan Watts,
Tannoy, HiFi Answers Monitor, Free on request

PA Amplifiers, microphones etc. by
Linear, Shure, Eagle, Beyer, AKG etc.
FREE with orders over £10
“Hi-Fi Loudspeaker Enclosures’’ Book

AUDIO MONITOR (Giles), PRACTICAL HIFI & AUDIO

SPEAKER KITS

Send stamp for free 32-page booklet
“Choosing a Speaker”

All units guaranteed new and perfect
Carriage and Insurance: Speakers 50p each,
12" and up 75p each.. Kits 80p each
(£1.60 per pair), Tweeters & crossovers 30p each

WILMSLOW
AUDIO

DEPT REC
LOUDSPEAKERS, MAIL ORDER AND EXPORT:
SWAN WORKS, BANK SQUARE, WILMSLOW
HIF), RADIO & TV: SWIFT OF WILMSLOW, &

SWAN STREET, WILMSLOW CHESHIRE
PA, HIFI & ACCESSORIES: WILMSLOW
AUDIO, 70 SWAN STREET, WILMSLOW

CHESHIRE

TELEPHONE: LOUDSPEAKERS, MAIL OROER
AND EXPORT WILMSLOW 29699
HIFI, RADIO ETC.. WILMSLOW 26213

JUNE 1976
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OUR PRICE

£13.95

The 450 Tuner provides instant program selection at the touch of a
button ensuring accurate tuning of 4 pre-selected stations, any of
which may be altered as often as you choose, by.simply changing
the settings of the pre-set controls.

Used with your existing audio equipment or with the BI-KITS
STEREO 30 or the MKBO Kit etc. Alternatively the PS12 can be
used if no suitable supply is available, together with the Transformer
T461.

The S450 is supplied fully built, tested and aligned. The unit is easily
installed using the simple instructions suppligd.

® Max Heat Sink temp 30C. ® Frequency response 20Hz to
100kHz @ Distortion better than 0.1 at 1kHz @ Supply voltage
15-50v. ® Thermal Feedback @ Latest Design Improvements
® Load - 3, 4, 5 or 186ohms. ® Signal to noise ratio 80db @
Overall size 83mm. 106mm. 13mm.

Especially designed to a strict specification. Only the finest com-
ponents have been used and the latest solid-state circuitry incor-
porated in this powerful little amplifier which should satisfy the

most critical A.F. enthusiast.
£ 3l95

Stabilised Power Supply Type SPM80

SPMB8O is especially designed to power 2 of the ALEO Amplifiers,
up to 15 watts {r.m.s.) per channel simultaneously. With the addi-
tion of the Mains Transformer BMTB80, the unit will provide out-
puts of up to 1.5A at 35V. Size: 63mm. 105mm. 30mm. Incor-
porating short circuit protection.
Input Voltage: 33-40 V.A.C.
Output Voltage: 33V D.C. Nominal
Output Current: 10mA-1.5 amps
Overlead Current: 1.7 amps approx.
Dimensions:

105mm x 63mm x 30mm
Transformer BMT80:

l.p‘” Higwlity modules

NEW bush-BUTTON

STEREQ FIV TUNER

Fitted with Phase Lock-loop Decoder

% FET Input Stage Typical Specification:
* VARI-CAP diode tuning Sensitivity 3y volts
% Switched AFC Stereo separation 30db
Y Multi turn pre-sets Supply required 20-30v
¥ LED Stereo Indicator at 90 Ma max.

STEREO PA-Inn

PRE-AMPLIFIER
i o e e e
sadlne ‘§ *h&.\ b
N e
, 3. Magnetic P.U. 3mV
into 50K ohms
P.U. Inpur equalises to R1AA
curve within 1d8 from 20Hz
to 20KH¢_. Supply - 20 - 35v
at 20mA.
Dimensions:
299mm x 89mm x 35mm

£13.50

o P.&P. 45p
MK60 AUDIO KIT: Comqusmg: 2 x ALBO. 1 x SPMB0. 1 x PA100. 1
fdr?cr;tmprar:e! andhkngbi, 1 Kit okf parts to include on/off switch, neon i'n-
- Stereo headphone sockets plus j i )
PRICE 527,88 maphone postage.p us instruction booklet. COMPLETE
TEAK 60 AUDIO KIT: Comprising: Teak venesred cabi i *
. . 25 N ab t
113" x 3}". other parts include a?uminium chassis, helar:seinls(ll:nésf?on’t(

panel bracket plus back panel and i
£320 ha postage? ‘appropnate sockets etc. KIT PRICE

A top quality stereo pre-amplifier
and tone control unit. The six push-
butt.on se[ector switch provides a
choice of inputs together with two
really effective filters for high and
low frequencies, plus tape output.
Frequency response + f£dB
20Hz2-20K Hz
Sensitivity of inputs:

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

] pre-amplifier,
. with only the addition of a transformer
audio unit suitable for use with a

ower

wide range of inputs i.e high i ic pi
uts 1.. high quality ceramic pick-up, sterso tuner
:gpel dech', etc. Simple fo install, capable of producin reall$ ﬁréts::slgesg
sults. this unit is supplied with ful instructions, black Pr

constructor who requires Hi-Fj performance with a

TRANSFORMER £2.45

plus 62p p&p
TEAK CASE £3.65 plus 62p p&p

£2.60 + 62p postage

ELECTRONICS CONSTRUCTOR

www americanradiohistorv com
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or stereo, mono and other audio equipment

IT'S NEW!
IT'S POWERFUL
IT'S THE AL250
125 watts |

R.M.S.

POWER AMPLIFIER

Specially designed for use in:

Disco Units, P.A. Systems,

high power Hi-Fi, Sound
reinforcement systems.

The module has a sensitivity of
450mV and a frequency response
extending from 25Hz to 20KHz
whilst distortion levels are typically
oelow -1%. The use of 4, 115w tran-
sistors in the output stage makes
the unit extremely rugged while
damage resulting from incorrect or
short-circuit loads is prevented by a
4 transistor protection circuit.

SPECIFICATION:

Jutput Power 125watt | Total harmonic distortion

3.M.S. Continuous.
Jperating voltage 50-80.
-oads 4-16ohms.
‘requency response 25Hz-
!0kHz Measured at 100
vatts.

jensitivity for 100watts
wtput at TkHz. 450mV.
nput impedance 33kohms.

ONLY £15.95. .o

JUNE 1976

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

MPA
30

Enjoy the quality of a magnetic cartridge with your ag(isting geramlc
equipment using the new Bi-Pak M.P.A. 30 which is a high guahty pre-
amplifier enabling magnetic cartridges to be used where facilities exist for
the use of ceramic cartridges only. Used in conjunction are 4 low noise,

high gain silicon transistors. It is
uroviged with a standard DIN
input socket for ease of connection.
Supplied with full, easy-to-follow
instructions.

£2.65

=&
PACKING

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

The AL10. AL20 and AL30 units are similar
in therr appearance and in their general
specification However, careful selection of
the plastic power devices has resulted in a
range of output powers from 3 to 10 watts
R M.S The versatility of their design makes
them ideal for use 1n record players, tape
recorders stereo amplifiers and cassette
and cartndge tape players in thé home.
Harmonic Distortion Po=3 watts
t 1KHz 0,25%

Load Impedance 8-16ohm

Frequency responsa + 3d8 Po=2 wafts
50Hz-25KHz

Sensitivity for Rated O/P — Vs=25V.
RL=8ohm f=1KHz 75mV. RMS.

Size: 75mm x 63mm x 25mm

AUDIO AMPLIFIER
MODULES

ALIO 3w R.M.S. 22.30 AL20 5w R.M.S. 22.55 AL30 10w R.M.S. 22.95

e PAT2

£6.30

NEW PA12 Stereo Pre-Amplifier
completely redesigned for use with
AL10/20/30 Amplifier Modutles.
Features include on/ott volume
Balance, 8ass. Treble controls.
Complete with tape output.
Frequency Response:

20Hz — 20KHz (-3db)

Bass and Treble range + 12d8
Input impedence | meg ohm
Input Sensitivity 300m

Supp7 requirements 24V.5mA
Size Y52mm x 84mm x 33mm

AL10-20-30

Power supply for AL10/20/30, PA12, 5450 etc
Input voltage 15 - 20v A.C. Qutput voltage
22 30v D C Output Current 800 mA Max
Size 60mm x 43mm x 26mm.

Transformer T538 £€2.30

PS12 £1.20

PO BOX 6, WARE, HERTS.

www americanradiohistorv com
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LATEST
BOUND VOLUME
No. 28

] 1]

il ‘wn%gv

“Radio & Electronics
Constructor”

Texan Amplifier
as featured by
PRACTICAL WIRELESS

SOLE U.K. OISTRIBUTORS — HENRY’S

&{//ﬂ/ 0‘ }‘W/xf% 7@7‘0”4/ * Can be

- built Stage

£3 K" PRICE iNCA VAT + £1.00 p&p by stage

Builtand 1es1ed £42.00 inc. VAT {1 Q0 pbip Ask for

Build the Texan stereo amplifier, then you can be leallets S.
doubly proud! For astart, you'll own a superb home + EVCI’Y(hII‘Ig 0
entertainment unit. And have had all the pleasirre of necessa
doing it yourself, with the Henry's kit sary
Look at the Texan specification Sl!ppll!d.
incorporating fully ttegiated steteo preamp and powaramp, F}l" after
with 8 1C's, 10 ttansistors, 6 rectifiers and zener drodes Pius I
stabilisied. protected citcintry, alass iy pch Gardeners sa OS d
{ow field tow -line mains anstommer all facmnes andg ‘Service an
controls. Shm desin chassin 1417 x 6" x 27 overall 20 watts guarantees AU G U ST 1 974 to J U LY 1 9 7 5
perchannet AMS Jess than 0 1% distorion a1 kHz ’ ..
ViD Comprising

TEXAN FM £2350 EO SPORT]| | 768 pages PRICE £2.75 P&P 65p
TUNER KIT [ ” inc. index

inc. VAT 4 500 p&o

Built and tested £28.50me VAT
+50p p&p

Features advanced vancap tuming. Phas Anup-g m‘\?@ f BOU N D VO LUM E NO. 25
lock loap decoder Professionatly Minuie game. | (August 1 971 tO July 1972)

designed areant Everythind you nead Plugeam

Build the marching Texan L2 0)

in the ket Eranm the alass fibie peis o the g:‘v""hu |
binetitsell. Excrlligntspec 2 HuV BOSE y oy Jakich
SRR ST f e BOUND VOLUME No. 27
adjustable) Tuming range 2 t-Foryou yo.
MHz. Mains powered TV Man n 0y (AU USt 1973 tO J I 1974
THE NATURAL FOLLOW-ON HENRY'S P;‘;\E;E 9 =/ )
00 RS
ntaé . - ADY SO1.p
> 1at0S R UTTTIN * (D€
L GIFT
NG PRICES
For this latest edition, we have VvOL. 25
made hundreds of chanqes and
RTALE additions. Features now include £2.00 per volume P&P 65p

O s O T VvOL. 27
% free 50p voucherinside alnhgbe_li:al index
¥ oty yerything % soerimina £2.40 per volume P&P 65p

needed by amateurs compelitive prices
and protessionals

FREE to Educational Establishmenls when 00
ordered an official headed notepaper art fpace

Limited numbe? of these
volumes still available.

All mail to: Henry's Radio
303 Edgware Rd. London W2
We regret ail earlier volumes are now

LONDON W2: 404/6 Edgware Road. Tel: 01-402 8381 completely sold out.
LONDON W1: 231 Tottenham Ct Rd. ,./er %50,/ Tel: 01-636 6681
FNOTTINGHAM : 94/96 Upper Partiament St. Tel: (0602) 40403 Available only from

READING, BERKS : 130/131 Friar Street. Tel: (0734) 583230

:HAHRO:I]V: 190/4 Station Roat'iia'Tal :'%‘21-85.3 ;788 ) DATA PUB LICAT'ONS LTD’
CROYDON : . ease Note: Mail Order Customers

'*‘m: 01-687 131301640nh End [vATnNn(wM I’JE?'%V?E:L‘SJ?&%"”_VI 57 MAIDA VALE, LONDON, W9 1SN

RADIO & ELECTRONICS CONSTRUCTOR

www americanradiohistorv com


www.americanradiohistory.com

RETURN OF POST MAIL ORDER SERVICE

NEW BSR Hi-FI AUTOCHANGER
STERED AND MONO

Plays 127, 10" or 7" records
Aulo or Manual. A high
quality unit backed by BSR
reBability with 12 months’ x
warantee. AC 200/250v.
ize 13} x 11 }in
Aove motor board 3}in.
Below motor board 2 5in.

With STEREO/MONO CARTRIDGE £1o 95 Post 750

PORTABLE PLAYER CABINET £4.50

Modern design. Size 18" x 15~ 7" approx, Post 50p
Large front grille. Hinged Lid. Chrome fittings.

Motor board cut for Garrard or BSR deck.

Rexine covered. in red and btack.

HEAVY METAL PLINTHS

with P.V.C. Cover. Cut oul for most £5 95
.

R or Garrard decks S-Iver grey
fimsh, Size 12} x 143 x 7}in.

7

Size 16 x 13} x 7in. EGS Post 75p
TINTED PLASTIC COVERS
Sizes: ‘A"~ - 14}in. x 12 }in. x 4jin., £2,50." 204in.

x 123 x 4}in. €3.°C" - 17§in. x 13]in. l]lm £3.25.
Ideal for record decks. tape decks. etc. Post 45p

R.C.S.
DISCO
DECK
SINGLE
RECORD
PLAYER

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

to power a small amplifier.

3 speeds plays all size records. £6 2 5

Two for £12. ]

Two full size loudspeakers 133 x 10 x 3iin. Player

unit clips to loudspeakers making it extremely compact.

Owerall size only 13* x 10 x B}in. 3 watts per channel..
nlays all records

13 rpm 45 rpm

Separate vol

ume & tone

controls 240v

AC mains

S

Post
45p

Attractive Bargain Price
Teak finish
Weight 13Ibs. £22.50 85p carriage]

SMITH'S CLOCKWORK
15 AMP TIME SWITCH
0-60 MINUTES

Single pole two-way Surface mounting with fixing screws
Wil replace existing wall switch to give light for return
home, garage. automatic anti-burglar lights etc. Variable
knob Turn on or off at full or intermediate settings.

Fully insulated, Makers last list price £4 50. Brand new and
fully quaranteed.

OUR PRICE £2 95 Post 35p "

Alsp available 0-6 hours.

CASSETTE RECOROER MOTOR ONLY. 6 Volt.
Wiil replace many types. Ideal for models £1.26

BLANK ALUMINIUM CHASSIS, 18 s.w.g._2}in. sides
6 x 4in. 70p; 8 x 6in. 90p; 10 x 7in. £1.16;

i ; 16 x Bin. 46: 12 x 3in. 879.
16x 10in. £1.70.

ALUMINIUM PANELS 18s.w.g. 6 x 4in. 18p; 8 x 6in. 26p;
10 x 7in. 30p; 12 x 5in. 30p; 12 x 8in. 40p; 16 x 6in.
45p; 14 x 9in. 50p; 12 x 12in. 55p; 16 x 10in. 75p.

ALUMINIUM ANGLE BRACKET 6in. long x } x § 26p

R.C.S. GENERAL PURPOSE TRANSISTOR
PRE-AMPLIF(ER BRITISH MADE
ideal lor Mike, Tape P U. Guitar, etc Can be used wilh Bam-ry
9 -12v. or H.T line 200-300V. D C operation Sue 1} x ") x
Response 25 cp.s. 1o 25 Ke/s, 26 db wam
?or use with valve of lransistor equipment

Post
Fullnstructions supplied. Details S.AE. £1.456 30p

NEW ELECTROLYTICS

2/350V 201 250/25V 180 465,16, 16/275v 45
4/350v  20p 500/25V 20p (; 50300V 508
8/350V  22p 100+1007275v 659 3232 350V 75p
16/350V 300 150+ 200/275v 70 “’m 40+ 50 350V 85p
32/500V 50p 8+8'450V 50p 32+ 32350 7%
25/25v  10p B+16/450V 50n 30 00()/25 95p
50/50V  10p 16416450V 500 4700163V 95p
100/25V 10p 32+32/350v 500

LOW VOLTAGE ELECTROLYTICS
22.25 50, 68. I50 470. 500 680 1500. 2200 3300
mfd all 6 volt 10p
22 25, 68. 100, 150 200 220 330. 470. 680. 1000,
1500, 2200. mfd all 10 valt 10p ea
ZZO 330. 1000, 4700, inid all 4v 10

2.4.5 8, 16,25 30 50 100. 200mF 15V 10p .
SOOn\F 12V 15p . 25V 20p . 50V 30p
1000mF 12V 20p 25V 35p ., S50V 471) . 100V 70p
2000mF 6V 25p 25V 42p . 50V 57p 4700/63V 95p.
2500mF 50V 62p . 3000mF 25V 47p . 50V 65p
5000mF 6V 250 IZV 420 25\/ 75p . 35V 850 50V 95p.
500v-0.001 to 0-1 2512p
CERAMIC 1pFto 0 OlmF 50 Sl!ver Mnca 2 IO 5000(>F 5p
PAPER 350V-0-1 7p,. 0.5 18p, tnF or 2mF 150V 15p
MICRO SWITCH single pole changeover 20p.
MICRO SWlTCH sub min 25p

TWIN GANG. 208BpF + 176pF £2
Sluw motion dnve 365pF + 365pF with 25pF +25pF 50p.
5000F standard twvin gang 75p. 120 PF twin gang 50p

ELAC 9 x 5in. HI-FI SPEAKER. TYPE 59RM.
THIS FAMOUS AND WIDELY USED UNIT
NOW AVAJLABLE AT BARGAIN PRICE £3 45
10 WATT, 8 OHM CERAMIC MAGNET. B
NEON PANEL INDICATORS. 250V Red or Amber.
RESISTORS. (w. jw. 1w 20% 2p. 2w 8p 10 to 10M
HIGH STABILITY."} w. 2% 10 ohms to 6 meg. 10p
Ditto 5%, PreIerrPJ values 10 ohms to 10 meg. 4p
SIS

WIRE-WOUND RE ORS. 5 watt. 10 wart. 15 watt,
10 obms 1o 100K, 12p each 2w 0.5 ohm 16 8 2 ohms 15p

30p

E.M.1. 133 x 8in.
SPEAKER SALE!

With iweeceter

At Gromsoeen 10 £5.25
watt Stute 3 or B obun Post45p
TH wall veraione

Hor 1 nhm £7.95
20 watt version

Bor150hm - £8.95
asollastrated

£6.95

Post 65p

Bookshelf Cabinet
16 x 10 x 9in Teak Veneer
For abowes nts

R.C.S. TO WATT
AMPLIFIER KIT

Bass units only

£6.95

- - -~ -——Post75p

Tins kit s saitsble for record players, tape play back.
guttars  electionc instewnents or small P A, systems.
wo versins are available A mono kit or a stereo kit. The
muno ot ses 13 seiniconductors The siereo kit uses 22
senconduciors with panted tront panel and votume,
bass aad reble controls Spec 10 watts output into 8
phin, 7 watts iio 15 ohiny “Response 20 cps to 30K/cs.
In;m( 190 mV svgh wip Size 9%in x 3in x 2in.

post

£1 1.25 Stereo kit £17.5 45p

LOUDSPEAKERS P M 3 ohms, 7 x 4m £1.26, 64in. £1.50;
8 6m 1160 Bin 175, 10 x 6in £1.30, 1Gin. £2.50,

Mono kit

SPECIAL OFFER LOUDSPEAKERS' All Brand New.
3 obm 23m 2pn 35 5in 8 ohin, 2jin. 2}in, 5 x 3in,
S5in 15 ohm 3o 5 6 x din 5 x 3in, 7 x 4in.
2L phm  20m  3in, 5 x 3in 35 ohm. 3in: 5in.
R0 ohm 21w 27 120 ohin 3in

£1.25 cacy

TAPE OSCILLATOR COIL Valve type_35p. LOUDSPEAKER VOLUME CONTROL 15 ohm 10 watt
FERRITE ROD 8~ { 20p. 3 x{ 10p. with  1in long threaded bush for wood panel
munting 75p
MA'NS TRANSFORMERS ALL POST RICHARD ALIAN NWVIN CUNE LOUDSPEAKERS, 8in.
50D each (:n.mwu‘u 4W 2 50, 10in. diameter 5SW £2.95, Ppst 25p.

2in dimeter W £3 60, 3 or B or 15 ohm models.
250-0-250V BOmA. 6-3. 2A | £2.95 SPEAKER COVERING MATERIALS. Samples Large S.A.E.
250.0-250 80mA 6-3v 3 5a3. 6 3v lawm 5v2a {460 Hom Twueters 2 16Ke's 10W 8 ohm or 16 ohm £3.60.

350 0 350 80mA 6 3v 3-5a 6 3v laor 5v 2a £580

300-0-300 120mA. 6-3v 4a C.T. 6 3v 2a £7 00
220v 45mA. 6-3v 2a. £1.75
HEATER TRANS 6.-3v 3 anps (145  jamp 95p

GENERAL PURPOSE LOW VOLTAGE Tapped outputs
at 2 amp 3.4 5 6.8 9.10 12 15 18 244.|nd
{46

v 9]
1amp 6 8 10. 12, 16, 18 20. 24 30 36 40 48 60
{460

236 8 12 12,16 18.20 24.30 36 40.48 60 €700
34 6,8.10 12, 16, 18. 20, 24 30. 36. 40. 48, 60 8 70
54681012 16 18 20 24 30 36 40 48 60 £ 1125
58 10, 16v ja €2 6-0-6v 500mA £1 9v 1a £1
12v 300mA E£f 12v 500mA £1. 12v 750mA €1
40v 24 tapped 10v or 30v £2 50 20v 3a 2
40y 3a £2.50 30v 5A and 3dv 2A ct £39
T T RANSFORMERS 115w 10-230u & 230V 10 116w
150w 5, 250w £6. 400w £7 500w 8
CHARGER TRANSFORMERS oot 30012500
for 6 or 12y 1}a [275 4
IS WASE BAIDGE CHARGER HECTIFIERS:
6 or 12v oulputs 1}a 40p 2a 55p. 4u 85p.

R.CS. STABILISED POWER PACK KIT

Alf parts including. printed Circuit and nstructiuns 1o

build this anit, Voltages available 6v 7 Sv 9v 12v
Up ta 100mA outpul 2 95 Post
Please state voltage required . 45p

De Luxe Hypin Tweeters 2-18 Ko/s, 15W, 8 ohm  £6.80
TWO WAY '3 000 « s CROSS OVERS 3, 8 or 15 ohm £1.90
3 WAY CROSSOVER 850 cps and 3000 cps (25 watt) £2.20

GOODMANS CONE TWEETER

18000 cps 25 wants 8 ohm Prce £3.25

. ELECTRO MAGNETIC
PENDULUM MECHANISM
1 5vd ¢ operation over 250 hrs continuous on SP2 battery,
fully adfjustable swing and speed Ideal displays Iaachnng
electro magnetism o for metronome, strobe etc. Qgp Post 2
WEYRAD TYPE COILS
P50, 1AC Go.) RA2W 85p [ 1w Gang £2
P50/2 400 | OPTY 65p | Prnted
P50’3CC 40p | LFDT4 65p | Circusnt 85p
COAXIAL PLUG 10p PANEL SOCKETS 10p LINE 18p.

QUTLET BOXES SURFACE MOUNTING 25p

BAIANCED TWIN RIBBON FEEDER 300 ohms 7p yd.
JACK SOCKET Std open-cucuit 20p. closed circuit 25;
Chronne Lead Socket A5p Phono Plugss 10p. Phono Sockal
JACK PLUGS Std Chroine 30p . 3-5mm Chrome 15p.
SOCKETS Chassis 3 pin 10p. S-pin 10p, DIN SO KETS
Lewd 3 pin 18p 5 pin 15p DIN PLUGS 3-pin 18p, 5 -pin
25p VALVE HOLDERS 5p. CERAMIC 10p. CAN

R.C.S. 3 WAY CROSSOVER

Complete with 1211 twin lead fitted with din speaker plug
Ruady assembled with leads for speakers, bass mid and
tweeter Crossover frequencies 950 cps and £2 20
3000 cps. For systems up to 25 watts .

80 onm Coax 8p va.

VOLUME CONTROLS
STANDARD VHF TYPE

5K ohms lu 2 Me LOG m
s 8.p
STEREO L/S 55[) DP 75;) FRINGE LOW LOSS15 nev
Edge 5K S P Transistor 25p  ltea) 625 and colour

1jinch DIAMETER WAVECHANGE SWITCHES 45p. EA.
Zp 2-way. or 2 p. 6-way, or 3 p. 4-wav.
1 @) 2-way. or 4 p 2Z-way, or 4 p 3-way

TOGGLE SWITCHES. sp. 20p. dp. 25p dp. dt. 30p.

Wirewaound controls Thn diam 3 watts 10 enrns to 100K
Botish made with Innq spindles ;v dia 85n ed

DUAL CONCENTRIC POT 500k LOG + 500k_LIN DP
switch Inner spindle 3}in, outer spindle 2jin. 75p.

R.C.S. 100 WATT VALVE
AMPLIFIER CHASSIS

Professiwnal model  Four inputs, Treble. Bass, Master
Volime Controls  |dedl disco P A. or groups. 5 speaker
autputs very robust job

SAE tar details £85 plus £ 1.50 carr.

NEW 'DISCO 100 WATT' £52
ALL PURPOSE TRANSISTOR AMPLIFIER CHASSIS
Sanputs A datpats separate volume treble Carr. €1
wied bass cootrals [deal disco of siave amplifier chassis.

RADIO COMPONENT SPECIALISTS

Minimum post 30p.
Components Lists 10p.

JUNE 1976

Access and Barclaycard welcome

Cash price includes VAT
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Bargains in Semi-Conductors,components, modules & equipment.

B-P-P Packs

Originated in 1959 by managing director Bernard
Davis, his were the first semi~conductor and compo-
nent packs to be marketed in this country. and indeed,
the company’'s name grew out of “British Industrial
Pre-Packed Components”. Today., Bi-Pre-Pak con-
tinues to occupy a position of pre-eminence in the
supply of packs as well as a vastly extended range of
products detailed in our latest 24 page A4 size free
catalogue Send 10p stamped large self-addressed
r copy by
‘S ALL IN OUR FREE CATALOGUE

Enmnunent g [H 6

CP1 150 Capacitors. mixed bag of paper. silver mica. elec-
lrolyucs etc. Approx quantity. counted by weight. (post &

CP2 200 Resistors. mixed bag of different types, values. wal-
lages etc. Approx. quantity, counted by weight .. p

'3 40 Wirewound resistors, mixed types, values and wat-
1ages w
CP4 12 Potentiometers. pre-sets, w/iwound. carbon. etc.
Mued t pes and values 80
CPS 5 single low impedance for transistor radic
casseues otc. Less plugs. for suitable plugs see PAKs CPS
and CP10 80p
CP6 50 TO-5 mountln% pads, fits between transistor and
board. for that pro. finisl
CP8 500 Cable clips for G.P.O. }” dia. cable. Nylon wnF
hardened steel pin (probably tungsten) per sealed box of

500
CP9 5 3-5mm plugs. miniature jack. to fit earp

CP10 5 2-5mm sub miniature jack. to fit earphones in PKK

CP11 6 Screwdrivers, 1 x mains neon tester. 5 x grub screw-
drivers.
CP12 10 Reed relay inserts, 1" long }” dia. These w-ll
operate from an external magnet or coil. For magnets see
PAK CP13 60p*
CP13 10 magners of various sizes for operating
reedswitches in PAK CP12. Ideal for burglar atarms on doors

CP14 40 Potennometavs pre-sets, carbons. dualgangs, with
and without switches etc. Mixed values and wattages£1.20
CP18 12 Standard crocodile CIIDS screw fixing, &o’?‘d

uality.

EPIG 5 P.C. boards each containi a BF 180 UHF amplifier
transistor. A good basis for bunldmg a3 T.V. aerial pre~amp as
vanous parts inc.
CP17 25 Electrolytic Capacitors, various values and
voltages, many useful types, from T.V. 10 transistor radio and
Hi-Fi {post and packing 23p)... P
CP1B 1 Light acﬂvaled SCR.50 volts 1.6 amps rype 9

Ready mounted on PC board with gate resistor and leads
fitted. Full data and circuit diagrams for 14 projects. include:
slave photo fiash unit. burglar alarm, etc.. Mﬁ)
CP19 3 Micro switches 1 pole change over, standard mnc‘:"?l

semi-Gonductors

TESTED AND QUARANTEED

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

All the following are st 60p each pack

TP9* 5 SN7400 integrated circuits. 14 pin dual in line TTL
fypt; Quad 2-input NAND gate. Get one FREE. these are 15p

TP10 2 light dependant resistors. 400 ohms light. 1 megohm
dark 1" dia
TP11 10 Transistors XB102 and XB112 equiv. to AC1286,
AC156, 0C81/2. 0C72. e
™ '2' 4 BY 127 Silicon recuflers 1000 piv 1 amp. Plastic TV
rectifier
TP13* 5 OCP71 Light sensitive transistors.
1P14 20 OC71 germanium PNP audio pre-amp transistor,
black glass typs

TP16 20 0(!81 germanium PNP audio output transistor,
white glass 1.
TP168 20 0C200/1/2/3 transistors, PNP silicon TO-5. un-
marked
TP17 20 1 watt zener diodes. mixed voliages, 6-8 to 43

TP18 20 2N3707/8/9/10 transistors, NPN silicon plastic.
unmarked

TP19 100 Diodes. mixture of germanium, gold bonded.
s-hron etc. a useful selection of many types. marked and un-

YPZO 10 Mullard OC45 transistors, |.F. amp. PNP ger-

manium.

TP23 20 BFY50/1/2, 2N696/7. 2N1613, etc. NPN silicon

T0O-5 uncoded. Complamentary to PAK TP24.

TPZ‘ 20 BFY64 2N2904/5. etc. PNP silicon TO-5 uncoded.
{lomonury to PAK TP23.

TP3 20 NPN silicon planar transistors, TO-18 similar to

BC108 etc uicoded.

TP31 20 PNP silicon planar transistors. TO-18 similar 1o

BC178 etc uncoded.

TP32 20 2N2926 silicon plastic transistors, uncoded and

ungraded for colours.

UNTESTED PACKS - 80p EACH
Specially for keen bargain hunters
UTI‘I 50 PNP germanium transistors, AF and RF. Very good
yreld
UT2 150 Germanium diodes. miniature glass typa.
UTBH 40 Zener diodes. 250 mW QAZ240 range. average 50%
good

POWER TRANSISTORS
1c Ampe Price

40N2 40 40 i O
40P2 40 40 4 .
ON1 15 45 4 25p*
90P1 15 45 4 26p*
90N2 40 90 8 3tp*
90P2 40 30 8 36pe

Many other typas svsilabls from 3 to 115 watts

Integrated Circuits: MM5314 Dual in line clock chip£3.00*
LM 380/SL 60745 Dual in line 2w audio amp. with data,
etc

75p
;Dual in line i€ sockets 8 pin — 14p; 14-pin — 16p*; 16-pin —

Signal Generator: For MW and IF covers 550 KHz to 1-8
MHz for MW and 400 to 550 KHz for IF. Fully portable (p&p
5

40p) . 4.2
Pocket : Fountain-pen type. Invaluable for
hndin £2.00°

ot new. but in perfect order, Eer

Ex GPO 8" Lono ‘Nose Plier:
per pair ..

Mains Tr-nﬂormcn
MT6 6v O 6v 100mA
MT12 12v 0 12v 50mA
S$8T9/1 9v lamp..
S§ST12/1 12v 1amp.
SST18/1 18v 1amp
$8725/2 25v 2amp
$$730/2 30v 2amp .
SST35/4 35v 4amp .

PC EDGE CONNECTORS
Type

Not new, but in perfect order.
.....80p®

Sizes Pitch Price
SSEC 6 way 1} 156" 32p
SSEC 10 way 14" 156" 60p
SSEC 12 way - .156 60p
SSEC 16 way zg" 156 76p
SSEC 18 way . .156° 86p
SSEC 22 way 3} 166" 100p
Other untested pucks 60p ea.

UT10 15 power transistors, PNP germanium and NPN
silicon mostlv TO- 3 but some plastic and some marked.

UT13 15 Integ d circuits. pak, dual in line.
TO-5. TTL. DTL marked and unmarked soma deﬁnl(aly good

CLZO
CP2f 200 Square inches of copper laminate P.C board m
ap rox. B pieces
22 3 Fibreglass plain printed circuit boards, appvox 2&%

(4

cpza 4 Switches. miniature push to make smgle pole B

0 Re!ays ‘assorted types. ex-GPO and others, mixed
£1.20°

2

858

X-44 POCKET SIZE R.F.
CROSS HATCH GENERATOR

Size 150 x 75 x 50mm strong plastic case
with hindle stand 4 push button operation 4
nottarns
aeneeat>e 31 syncnro pulse Pre set adiust
for RF
alkaline tvpye 1600 patts Blank raster facility
FOR COLOUR AND MONO.
3sm

224 WEST ROAD, WESTCLIFF-ON-SEA ESSEN 550 90F,

TELEPHONE: SOUTHEND (0702 46344,
WRITE ORDER SEPARATELY AND ATTACH COUPON IF REQUIRED

SINGLES but old types.
Bndpo Rocﬂﬂorl Plastic encapsulated For full ranges — See our latest free Catalogue
50v 100v, o0 BOOKS

1 amp 25p 5", ‘5“". AIIh-ooIVAT—Wnc-nyvcrylnrg-nock‘ohochnlul
2 amp 35". ‘59, ggp. books by Babani &
4 amp ‘59 :8:, 90:‘ Butterworth as well as refersnce boolu ” Mllcdl
BY164 equw SKBZ/O; 400v 15 amp CaBpe zzncx:lr::‘:'ln English | German [italian. All detailed in
2N3919 18p: 2N4416 20p
Bl = | B-P-P SECURITY CHECK POINT
Uni 1 B * Write your own name and ad- AKE SURE YOU GET QUR
INZ160 68p* 2N2646 48p° dress clearly in block capital NAME AND ADDRESS
AT Sy 50p letters. RIGHT WHEN ORDERING
LE.D TIL209 Red .18p* * Check that your order is cor- * Cash {cheque. money or
TIL211 Green . -33p° rect for description, quantity postal order) with your order,
:(I)WER — and price. please.

Wi
THYRISTORS. * Don't forget V.AT. at 124% of » Mention this journal when

A?:CS total value of order unless ordering if you don't want to
DIAC.
ZENER DIODES. otherwise stated. cut out the coupon.
OPTO-ELECTRONICS,
Etc. TERMS OF oUSINESS:

Saif contaned hine and frame

made to

vutnut and hnefframe synch Uses 4
(PP add

£27.500°.. "

Please send

Name

Address

i
i
I
o

for which | enciose

12}% VAT must be added to total value of order except for items marked @
or (8%) when VAT is to be added at 8%. No VAT on overseas orders. POST &
PACKING add 30p for UK orders unless b i
order acceptable — £1. Oversess orders. add £1 for postage. Any differen
will be credited or charg ICES

AVAILAB!UTY All itemn:

d otherwise. Mi mail

ithout

bject to aiteratio
when e

ble at time of pomq to pre
38 of inform

------------
To BI-PRE-PAK.

224-226 WEST RD.. WESTCLIFF-ON-SEA, ESSEX

inc VAT

. REC. 6A

RADIO & ELECTRONICS CONSTRUCTOR
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PRECISION PETITE LTD
119a High Street
Teddington, Middx.

Tel: 01-977 0878

Have pleasure in introducing
! their Precision Tools from
T al France for all types of
iman] electronic design and

. development, professional
or amateur

M

THE ABOVE KIT IS AVAILABLE
AS SEPARATES

o

£ p p&p | Al !
@ Kit Complete as above....... 30.26 1.00 1l
® Mk.1l Drill Stand ................ 3.76 35 |
@& Mk.Il Drill Only .................. 8.00 35
® Flexible Shaft............ccu....... 5.00 25
$ Transformer .....cccocvvvvvvivnenn. 5.50 62
@ S.30 Kit (30 tools).............. 16.00 75
@ S.10 Kit (10 tools).............. 12.50 55

{Any Quantity)

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

ALL ABOVE PRICES INCLUDE V.A.T.

FOR ILLUSTRATED LEAFLET
S.A. E. & ORDER FORM
JUNE 1976 659
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*“I MADE IT MYSELF”

Imagine the thrill vow'll feel ! Imagine how impressed
people will be when they’re hearing a programme on a =
modern radio you made yourself.

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

Practical lessons teach you sooner

than you would dream possible.

What a wonderful way to learn - and pave the wiy 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 So fast, so easy,
IRadioR.d .| dBEIrglar Alart:n.deu this personalised course
earn Radio and Electronics by doing A 5
actual projects you enjoy - making will teac,h you even '_f
things with your own hands that You don’t know a thing
you’ll be proud to own! No wonder  today!

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, gcld lettering on spine.

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

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 Rnd people to
fill the jobs!

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

No matter how little you hnow now,
no matier what your background
or education, we'll teach you. Step
by step, in simple easy-to-understand
Jinguage, you pick up the secrets
of radio and electronics.

You hecome somebody who makes-

things, not just another of the
millions, who don’t understand.
And you could pave the way to a
great new career, {0 add to the
thrill and pride you receive when
you look at what you have achieved.
Within wechs you could hold in
your hand your own transistor
radio. And after the course you
can go on to acquire highpowered
technical qualifications, because our
famous courses go right up to City
& Guilds levels

Send now for FREE

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

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

'I’um‘f FUR Also at our London Advisory Office, 4 Fore Street
Avenue, Moorgate, London, EC2Y 5EJ Tel: 01-628 2721
Yes | O IIke 1O KNOw More apoul your course. riease seng

me free details—plus your big, 76-page pook that tells
about all your courses

POSTCODE. .

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

660

PRICE EI un P. & P. 25p
o

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

Data Publications Ltd.
57 Maida Vale London W9 ISN

RADIO & ELECTRONICS CONSTRUCTOR
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These days you can Dial-a-Van, Dial-a-Recipe, Dial-a-Pop
Tune, even Dial-a-Wine. But Home Radio Components Ltd.
have been offering such a service for years! Those of you
who already own one of the renowned Home Radio Com-
ponents catalogues already know all about it. For the benefit
of those who are still struggling along without one, here is
how you set about it.

1. Purchase a Home Radio Components Catalogue.
(See details further on).

2. Join the HRC Deposit Account scheme, by simply sign-
ing the simple form enclosed in the catalogue.

3. Send it to HRC with your deposit. The deposit is half of
whatever credit you require; i.e. if you want £10.00 you
send £5.00.

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

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

- .
- Today's finest
—
The price of 99p applies

only to customers in the
UK and to BFPO Addresses.

—
-
—
—
—

DIAL-A- COMPONE ;VT

COmDOnents
6 h Catayg
P plus 34p rosr s racurng 2 °9ue

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

—

r—————_———————.————

Flease write your Name and Address in block capitals

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

l 234-240 London Road, Mitcham, Surrey CR4 3HD
Regd. No. 912966. London

e e e e d

ROME RADIO (Components) LTD. Dept RC, 2734240 London Roed, Mitcham, CR4 3MD. Phone: 01-848 BAI2

JUNE 1976
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NEWS .

. AND .

RESULTS OF BI-PAK COMPETITION

e T

e

WINNERS.

1st Prize: 22 in. Colour Television, Mr. and
Mrs. Munt of Tooting, London.

2nd Prize: Legionaire Stereo Amj)lifier, Deck
and E.M.I. Speakers, Mr. William J. B. Atrill, of
Barking, Essex.

3rd Prize: Black and White Portable T.V., Mr. I.
A. Barton, of Loose, Maidstone, Kent.

4th Prize: Electronic. Calculator, Mr. R.
Attwood, Dept., Electrical Engineering,
Imperial College, London.

49 consolation prizes of Electronic Slide
Rules were also awarded.

Bi-Pak Semiconductors wish to thank all
participants.

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

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

A full list of winners is available on request
from: Bi-Pak Semiconductors, P.O. Box 86,
Ware, Herts.

PB SUPER SOLDER

PB Electronics of 57 High Street, Saffron Walden,
Essex, claim great savings in costs by using their PB
breadboards and Super Solder boards, instead of con-
ventional prototype circuit boards where once a com-
ponent is solderecfin it is difficult to remove it without
damagin%the component and wasting the board.

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

Every month the popular electronics and radio con-
struction journalists publish exciting and interesting
circuits to build. The hobbiest can build these cir-
cuits, experiment with them, learn, without touching a
soldering iron and use the components again. When
that “SPECIAL” circuit comes alonfl that the hob-
biest wants to keep, hé simply takes his PB SUPER
SOLDER BOARD, transfers the components from his
already working circuit on the breadboard to the same
holes on the S.5.B., turns the board over and solders

662

BOARDS

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

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

RADIO & ELECTRONICS CONSTRUCTOR
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COMMENT

MARCONI INTERNATIONAL
FELLOWSHIP

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

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

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

OSCILLOSCOPES

Among the articles on test equipment which we publish, we
always find that anything concerning oscilloscopes is popular.
For example the article “New Transistorised Oscilloscope”,
which appeared in our September, October and November
1975 issues did, as we anticipated, arouse great interest.

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

TV JUBILEE —BAIRD’'S 1ST
SUCCESS '

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

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

But although many scientists and engineers laid down the principles

by which a moving picture might be transmitted, it was left to a largely
self-taught Scottish inventor, John Logie Baird, to put principles into
practice during the 1920s.

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

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

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

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

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

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

2y

Testing, Testing, Three . . .
Two ... One .../
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NICKEL CADMIUM

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

similar to standard HP7 dry cells.

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

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

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

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

AA-NCC50 CELLS

Ever Ready NCC50 cells are hermetically sealed
and require no maintenance. They have nickel plated
steel cases, which provide the negative terminal, and
resealable safety vents incorporated in the top cover
forming the positive terminal. The vents help to pre-
vent cell damage under conditions of abuse. Normally
the cells will remain completely sealed throughout
their life and no gas or electrolyte will escape.

R84
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[t is recommended that NCC50 cells be charged at
a constant current between 25 and 65mA until they
have received a charge of 0.75 ampere-hour. If they
are charged at about 50mA, as occurs with the charger
to he described, the charge time for a fully discharged
cell works out at 15 hours. When charged, the cell has
a capacity of 0.5 ampere-hours at the 5 hour rate.

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

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

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

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

THE CIRCUIT

The complete circuit diagram of the charger
appears in Fig. 1, and it will be apparent from this
how simple the unit is. 0

T1 is a mains transformer with a centre-tapped
secondary and this feeds a full-wave rectifier and
smoothing circuit incorporating D1, D2 and C1. R1,
D3, D4 and D5 form a voltage reference source. The
diodes are all silicon types and are forward biased by
the current flowing via R1. About 0.65 volt is
developed across each diode, and as a result (assum-
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CELL CHARGER

By A. P. Roberts

inﬁ that TR1 collector is suitably loaded) the base of
TR1 is held about 1.95 volts positive of the negative
supply rail. About 0.65 volt is also dropped across the
base-emitter junction of TR1, and therefore a stabiliz-
ed voltage of about 1.3 vclts appears across the 27 Q
emitter resistor, R2. ‘.
From Ohm’s Law we can calculate that a current of
“about 48mA will flow through R2 in the emitter cir-
cuit of TR1. As the collector and emitter currents of a
reasonably high gain transistor, such as the 2N3404
used here, are very nearly identical, almost the same
current will flow between TRI1 collector and the

positive supply rail when a suitable low impedance The charger in use. Cells being charged are
path is inserted here. fitted to a battery holder

COMPONENTS
!+ Resistors

| Outont R1 5.6kQ, { watt 10%
=R B R2 270, 1 watt 5%

o]} =
ST
N ’Qv IN4OO! . R < Capacitor
{ C1 400uF electrolytic, 16 V Wkg.
e

L o, TRy Transformer
Faayal o404 T1 Miniature mains transformer, secondary
9-0-9V at 100mA

AAAAA

ld

02
IN4QO!
. ]

AC.
mains
oV
Semiconductors

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

/Y
(= ' D5 BAY31

hce
2N3404 Miscellaneous
Lead-outs Veroboard, 0.15in. matrix, 15 holes x 10
strips
Case (see text)
Battery holder (see text)

Fig. 1. The circuit of the nickel cadmium cell g‘ﬁ;‘;’%a‘é‘;‘t‘;‘igcm’ PP? type
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appro. y 2 grommets

Nuts, bolts, etc.
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t Cells connected

Charger output in series

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

A nickel cadmium cell (or cells) provides a suitable
current path, and the collector potential of TR1 will
always adjust to provide a charge current of about
48mA, regardless of the level of charge in the cell, or
whether there is one, two, three or four of them. T1
secondary does not provide sufficient voltage to allow
more than four cells to be charged at any one time.

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

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

CONSTRUCTION

The charger can be fitted in any small metal or
plastic box large enough to take all the parts comfor-
tably and which has a lid which is secured in place by
screws. The prototype was housed in a ready-made
plastic and aluminium box with internal dimensions
of about 120 by 65 by 40mm. (43 by 24 by 14in.) ana
there are many suitable inexpensive cases ot around
these dimensions available. To avoid possible mis-
takes, it is advisable to obtain the mains transformer
first, or at least establish its dimensions, before
purchasing the case. Some transformers may be a lit-
tle larger in size than that used in the prototype. The

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

\ 666

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

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

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

The mounting holes in the case for the various parts
can next be drilled. The holes may be marked out
with the aid of the parts themselves. Also required are
two holes to take grommets for the mains input lead
and the charger output lead. A solder tag is secured
under one of the mounting nuts for T1 and the earth
wire of the mains lead connects to this. This earth con-
nection is made to the transformer frame with either
plastic or metal boxes; in the latter instance the con-
nection earths the metal box also. The mains lead
should be secured to the case on the inside. Most
miniature mains transformers have flying leads
rather than tags. A 2-way tagstrip or 2-way connector
block is then required for connecting the transformer
primary leads to the live and neutral wires of the
mains lead. If the transformer secondary leads are too
short to reach the Veroboard connection points, exten-
ston lengths of thin flexible wire may be soldered to
them as required, the joints being covered by sleeving.

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

CELL CONNECTIONS

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

Solder tag™

Output to battery
connector —-

6BA clear

"battery clip, which is then plugged into the battery
holder cornectors.

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

After the wiring has been completed and carefully
checked the unit may be tested for constant current
operation. Connect a testmeter switched to read 0-
100mA (or to any other range which enables currents
of around 48mA to be indicated) to the output of the
charger via a series resistor of 68 3, as in Fig. 4. Apply

68n
+4& 14 watt
Charger output +
- 0-100 mA

Fig. 4. Test circuit employed

for checking the constant

current operation of the
charger
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Fig. 3. lHlustrating the layout of the components
on the Veroboard panel together with general
wiring details

C 0 0 0 & 0 0 & @ o elo[s 6 0
% 6 6 0.6 0o 0o 6 6 6 ojo[E )06 |
9 0 6 0 0 6 o 0 6 0 glolo o ©
6 0 0 6 6 6 0 ® e 6 6 0 6 0 ©
O e & 0 0 0 0 06 6 6 06 6 0 0 0
@ 8 0 6Jof6 0 ® & 6 6 6 & 0 ©
0 0 0 0 o 0 & 0 0 © & 0 0 0 o
6O 6 0 6 0o © e o o e c{olc © o
G 6 0 0 0 6_e ® e o olo[c{Jo |
O e ® O e 0 O e @ 0 elolo © o©

the mains supply to the charger. The meter should
give a reading of approximately 48mA. Temporarily
short-circuit the 68 0 resistor and, if there is no
sudden increase in meter reading, short-circuit it
again to enable a second current reading to be observ-
ed. This should be the same as the previous reading,
or just slightly. greater.

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

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

oS

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

OTHER CURRENTS

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

The charger must not be modified to provide charg-

COMPONENTS

Apart from the 2N3404 required for TR1, the com-
ponents are readily obtainable. The 2N3404 is
available from Bi-Pak. This transistor is not now in
production and there is a small possibility that in time
1t may be difficult to obtain. Suitable alternatives
which have been checked by the author are the
2N1711 and the 2N3053, both of which have the lead-
out layout shown in Fig. 5. Unlike the 2N 3404, these
do not have the advantage of an integral heatsink and,
if used in the circuit, must be fitted with a T05 clip-on
heatsink to prevent overheating.

Fig. 5. As describ-

¢ 5 ed in the text,
2NI711 alternative tran-

2N3053 sistors may be

{ Lead-outs employed. These

have the lead-out
layout shown here

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

The three silicon diodes, D3, D4 and D5, are
general purpose types, and BAY31’s were employed
1n the author’s unit. The OA200 or 0A202 may alter-
natively be used. Miniature silicon rectifiers, such as
those in the 1N4001 to 1N4007 series, are not suitable
for D3, D4 and D5 as they have too low a forward
threshold voltage.

So far as the nickel cadmium rechargeable cells
themselves are concerned, a selection of those in the

Ever Ready range including the NCC50 is available
[ ]

ing currents greater than 50mA. from Doram Electronics.

'BOOK REVIEW |

EXPERIMENTS WITH OPERATIONAL AMPLIFIERS. By G. B. Clayton. 140 pages, 235 x 145mm. (93 x 53in.)
Published by The Macmillan Press, Ltd. Price £2.65 (limp) or £6.50 (hardcover).

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

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

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

prices being £3.35 and £7.95 respectively.
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— SUGGESTED CIRCUIT

307

. <

BURGLAR
ALARM

CIRCUITS

By G. A. French

-

It is an unhappy reflection on our
current times that there is a continuing
increase in interest on the subject of
burglar alarms. Simple burglar alarms
can be readily home-constructed, and
this article describes a number of
systems which can be empIOf'ed to give
warning .of illegal entry. In all the
systems to be described the momen-
tary breaking of a guard circuit causes
an electric bell to commence ringing.
The bell then continues to ring even 1if
the circuit which has been broken is

. completed again. The guard circuit is
iven by normally closed switches at
oors and windows which are all con-

nected in series, Opening a door or
window causes the appropriate guard
switch to break the circuit and the
alarm to sound. The alarm will also be
given if the wiring between the guard
switches is cut.

CATEGORIES

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

The second cateiory of use applies
to the instance where the occupant
wizhes to have the system protect the
{)roperty when he leaves it unoccupied.

f anyone attempts to enter the
premises the bell again commences to
ring and to keep ringing. This is liable
to deter the would-be thief who is,
naturally, unwilling to have attention
drawn to his activities. In suburban
areas, the continual ringing of an elec-
tric bell will also be noticed by
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neighbours, who can take appropriate
action.

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

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

'T'he relay errﬁ)loyed in all the cir-
cuits is the ‘Miniature Open P.C.
Relay’ with 410 £ coil which is retailed
by Doram Electronics. This versatile
relay is rated at coil operate voltages
from 4.8 to 35 volts and its single set of
changeover contacts can switch
currents up to 5 amps at 30 volts d.c.
Although intended for printed circuit
board mounting, it may also be
secured in position by two 8BA bolts
passing through holes in its metal
frame.

NON-ELECTRONIC SYSTEM

Fig. 1. illustrates a robust burglar
alarm system which involves no elec-
tronics at all. Here, and in the subse-
quent circuit diagrams, the relay and
its contacts are illustrated with
‘detached’ presentation: the relay coil
is represented as a rectangle whilst its
contacts, which can appear anywhere
in the diagram, are drawn in the de-
energised state.

In Fig. 1 two guard switches are
shown, but in practice there can be
any number of these, all connected in
series and all normally closed. To turn
on the alarm S2 is pressed, after which
S1 is closed. The 6 volt supply is then
applied to the coil of the reﬁay via the
guard switches, S2 and S1, with the
result that the relay energises. S2 may
then be released, whereupon the relay
stays energised by way of its own make
contact. A momentary current passes

" Guard - '!

¥ | switches ] Bell
[
. B©
A N
Test T 8Y) Relay
points _| gy coil
/ -

o—/ \ Sp Relay
- d contacts

|

Fig. 1. A very simple but effec-

tive burglar alarm system which

requires no electronic com-
ponents
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to the bell via the relay break contact
at the instant of closing S1. If the bell
is quick-acting the striker may move
against its gong once, but this is doubt-
ful as the relay specified energises very
rapidly.

The alarm is now set up. Should any
of the guard switches become open, 1If
only for a very short period, the refay
de-energises and its contacts connect
the bell across the 6 volt sup¥ly, caus-
ing it to ring continuously. The relay
cannot be energised again by way of
the guard switches because the circuit
to the negative terminal of the battery
has been broken by the relay contacts.
The bell can only be silenced by open-
ing S1 or (if all the guard switches are
closed again) by pressing S2.

This circuit is of particular value for
the first cateiory of use which was
referred to earlier. The battery, S1, S2
and the relay are positioned in some
part’ of the premises which would be
difficult for an intruder to locate in a
short period. With the second category
of use there is the disadvantage that S1
and S2 have to be accessible from the
outside of the premises as, obviously,
the alarm cannot be switched on until
the occupants have left and all doors
are closed. The provision of a locked
outdoor housing for S1 and S2 is feasi-

* ble, and S1 could itself be a switch
which is operated by a key. Switches of
this nature are available from many of
the larger component houses.

The simplicity of the circuit of Fig. 1
brings with it the shortcoming that a
fairly large current, of around 15mA,
is drawn from the 6 volt battery when
the relay is energised. This current is
too high for economic operation with a
dry battery, but it would be quite

accaptable if a 6 volt accumulator were
used. A small 6 volt motor-cycle
battery could power the circuit, and
would take up little space. Two test
points are provided and battery
voltage can be checked, from time to
time, with a testmeter. When the
battery voltage falls to about 5.6 volts
the battery may be given a charge to
bring it up to a fully charged level of
around 6.5 volts.

SINGLE TRANSISTOR
CIRCUIT

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

employed.
he alarm is turned on by closing

870

Relay

contacts !
" To bell and
-p battery
S
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. ‘g 0047 mm ' /
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BC214L
Lead-outs

CRSI/CS
Lead-outs

IN40OO2
Lead-outs

Fig. 2. A more complex alarm system which draws a much lower battery
current

S1. If all the guard switches are closed,
this causes the voltage at the junction
of Rl and R2 to be about 0.35 volt
neFative of the upper sugply rail. This
voltage, applied to the base of silicon
transistor TR1, is insufficient to turn
the transistor on, and the transistor
passes a negligibly low collector
current in consequence. With the cir-
cuit in this condition the relay is de-
energised and the bell does not ring.

If any guard switch is opened, R1 is
disconnected from the upper supply
rail. A current now flows via R2 direct-
ly into the base of TR1, thereby tur-
ning this transistor on. As a result, a
collector current flows through R3 to
the gate .of thyristor TH1, triggering
this sevice on and energising the relay.
Once it has been triggereg on TH1
remains conductive, keeping the relay
energised even if the guard switch cir-
cuit is completed again. Thus, the bell
rings continually and may only be
silenced by switching off the complete
circuit at S1., i

R1 carries out two functions. First,
it forms a filter in conjunction with C1
which prevents any noise, including
mains hum and radio signals, which is
picked up on the open-circuit guard
wiring from reaching the base of TR1.
Such noise could prevent TR1 from
turning fully on when a guard switch is
opened, and it could cause erratic cir-
cuit operation. Secondly, R1 offers
some protection against leakage
resistance across any of the guard
switches. Without R1 in circuit, a leakage
resistance of up to some 5k ) across a
guard switch could prevent the alarm
from operating when the switch is
opened. With R1 present, the leakage
resistance needed to disable a guard

switch falls to about 2k 0 or less with a
battery voltage of 9 volts, and to about
2.3k Q or less with a battery voltage at
the lowest permissible level of 8 volts.

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

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

The current drawn from the 9 volt
supply is quite low. With the protot
circuit it was only 0.12mA. 'H::
current rises to about 35mA when a
guard switch opens and the relay
energises.
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DELAY CIRCUIT

The circuit of Fig. 2 functions well
for the first protection category. With
the second category of use, in which
the premises are left unoccupied, it is
necessary to position Sl externally,
whereupon the same remarks apply as
occurred with the circuit of Fig. 1.

The electronic nature of the circuit
of Fig. 2 makes it possible to modify it
for delayed operation. Here, the alarm
may be switched on inside the
gremises, after which it does not

ecome operative until a pre-set time
period has elapsed. 1t is tﬁus possible
to turn on the alarm and leave the
pratected building during the delay
period. The alarm will still sound
when the occupier returns and regains
admittance but, if the alarm on-off
switch is positioned near the door at
whichi entry is made, it can soon be
switched off again.

The alarm circuit modified to in-
clude a switch-on delay is given in Fig.
3. Here, the circuit from the junction
of R2 and R1 to the right is the same as
in Fig. 2 except that Sl is now an
s.p.d.t. switch. f)nstead of being return-
ed to the lower negative rail, R2 is now
returned to the emitter of emitter
follower TR2. When S1 is switched on,
the 9 volt supply is applied to C2 and
R5 in series. 82 commences to charge
slowly via R5, and its negative ter-
minal (and hence the emitter of TR2)
goes slowly negative. Opening a guard
switch wilf, not actuate the alarm until
the potential on the emitter of TR2 is
at a level where sufficient base current
can flow in TRl to trigger the
thyristor. Once the emitter of TR2 has
passed this level the circuit of Fig. 3
then functions in the same way as did
that of Fig. 2.

The length of the delay period will
vary according to the actual value,
within tolerance, of C2, the gain of
TR1 and the gate triggering current
required by TH1. Witﬁ the prototype
the delay was 2¢ minutes. When tﬁe
alarm circuit has been assembled, the
delay period for the particular com-
ponents employed can be measured in
practice by switching on at S1 with one
of the guard switches open. The delay
period is equal to the time between
switching on and the energising of the
relay. The period may be reduced, if
desired, by reducing the value of C2,
and it can be increased by increasin
the value of C2 or of R56. However, R
should not be given a value higher than
IM Q. The length of the period will be
found to be approximately propor-
tional to the values of C2 and R5.
Thus, it will be doubled if either C2 or
R5 is doubled in value.

Turning S1 to ‘Off’ short-circuits C2
via the current limiting resistor, R6.
C2 is then discharged, ready for the
next switch-on cycle.

TWO TRANSISTOR CIRCUIT
A circuit incor oratinEl two tran-
sistors appears in Fig. 4. This is similar
in operation to that of Fig. 2 except
that an emitter follower, TR2, is now

JUNE 1976

Relay

contacts

L—_—-’ To bell and

Re _a Dbattery
IOn i
AAAAA
WW
SIJJ ot
[ l On
S
v‘h - ! . +
Cor & : P:I‘Gy :] ’]: Dy -0
2200™" | Guard ' coil IN4OO2 4
pF switches ’ TR, /
1OVikg = BC214L .
. '
- |
3 By, H Test
§P3 9V _1;_._ points
‘! TH,
TRy /] CRrSI1/O5 \
BC214L 1
| ———

X
a——hL

Fig. 3. Here. the single transistor circuit is modified to incorporate a
switch-on delay

interposed between TR1 base and the
junction of R1 and R2. Because of the
added gain given by TR2, R1 and R2
can have much higher values, and the
current drawn from the 9 volt supply
when all the guard switches are closed
is correspondingly lower. With the
prototype circuit it was 12uA only. The
current increases to approximately
35mA, as before, when a guard switch
opens and the relay energises.

As with Fig. 2, R1 and C1 form a
filter to prevent noise on the guard wir-
ing being passed to the base of TR2.
The presence of R1 causes a voltage of
ahout 0.8 volt to be applied to the base
of TR2 when the guarc switches are
closed. This is well below the 1.2 volts
(the sum of the two 0.6 volt forward
voltages acrose the base-emitter junc-
tions of TR2 and TR1) which is re-
quired to turn on the transistors. The

insulation requirements at the guard
switches nuow become more stringent,
as a guard switch will become disabled
with battery voltage at 8 volts if there
is a leakage resistance of some 60k {2 or
less across it. In consequence, the cir-
cuit of Fig. 4 may only be used when
all the guard switches can be position-
ed at dry locations.

For the category where the premises
are left unoccupied, S1 may again be
positioned at some external point,
Alternatively, the version with delayed
turn-on shown in Fig. 5 can be
emploved. Here, C2 charges up after
switch-on in the same manner as oc-
curred in Fig. 3. Since R2 now has a
much higher value, the negative ter-
minal of C2 can connect directly to
this resistor instead of via an emitter
follower. The length of the delay
period is again dependent on the ac-

Fig. 4. A system having two transistors. This draws an exceprioné//y low
current from the battery
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Fig. 5. The circuit of Fig. 4 with switch-on delay components added

tual value of C2, transistor gain and
triggering current in TH1, and with the
prototype circuit it was a little less
than 2 minutes. The delay period may
be increased or decretalsedy by changing
the value of C2 but not, with this cir-
cuit, that of R6. The current drawn
from the battery with C2 charged and
the guard switcﬁes closed, is the same
as for Fig. 4 plus leakage current in C2.
The latter will typically be about 20 to
30uA.

BATTERY VOLTAGE

All the circuits of Figs. 2 to 5 have
test points to enable battery voltage to
be checked from time to time. The
battery should be discarded when its
voltage has fallen to 8 volts.

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

—

%QIOn
= l 200n
By, T §|——
v oL
lr '
+
O-10mA

Fig. 6. If desired, a voltmaeter to
indicate battery condition can
be permanently installed
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GUARD SWITCHES

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

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

{ Dry reed
'l " switch
. L
Magnet

Door
post

Door

(b)

Fig. 7(a). A microswitch with operating lever and roller is particularly effec-

tive for use as a guard switch

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

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

magnet alongside it mounted on the
door itself, as in Fig. 7(b). When the
door is closed the magnet will keep the
two contacts of the switch closed. The
contacts will open if the door is opened
and the magnet taken away from the
switch. A similar arrangement is possi-
ble with wooden sash window-frames.
A range of dry reed switches and
matching permanent magnets is
available from Home Radio. .
As a final point, it is preferable for
the guard switch circuit to employ a
single wire routed around the premises
in the form of a loop. The wiring to any
switch cannot then be as readily short-
circuited, and the switch put out of ac-
tion, as would occur if a twin wire went

to the switch.
|
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New Productsc=

SOLDERING IRON WITH A THOUSAND USES

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

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

ly.
The new TC50 weighs in at 2? ozs. without flex and
is only 8% inches long.%t will melt solder in only 40 sec-
onds and will reach 350°C, normal soldering temperature
in only 90 seconds. It may be ordered fitted with
detachable suspension hook (at no extra charge) or as
illustrated, for use with the TC50 Spring Stand.

Thermostatic irons have long been used by industry
but up till now have been too expensive for domestic  Light Soldering Developments, 97-99 Gloucester
use because they usually need a special power unit. Road, Croydon, Surrey. Price of the TC50 stand is
The TC50 plugs straight into the mains and costs only £2.45, including VAT, post free if ordered with the
£8.38 including postage, packing and vat direct from iron.

WOOD BRACKETS FOR HI-FI SPEAKERS

Why do Astute Hardwood Brackets look so good under this

speaker? Because they're elegantly shaped, have invisible fixing
and are finished to match.
“'Astute Hardwood Brackets are much easier to fit than
traditional brackets, and are easy to remove when re-decorating.
Rubber pads are incorporated to hold the speaker, so that no
screws need to be driven into its case.

Astute Hardwood Brackets are supplied sanded readfr to finish,
complete with screws and plugs. Recommended retail prices:—
ldcm — £1.85: 19cm — £2.30: 26cm — £€2.90.

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

NOVEL DIAGNOSTIC

AID FOR
RADIO AND TV

‘'he PANTEC “USLJET” is a small and light universal signal in-
jector made in the form of a pen for clipping into the pocket. The
circuit consists of two signal generators, one operating at audio fre-
quency and the other at radio frequency. The impulsive waveform
Aerived from a blocking oscillator-type circuit produces a signal
with a wide range of harmonic frequencies up to 500 MHz.

By injecting tie signal at various points in an amplifier circuit,
the USI.JIET is an effective dynamic analyser for tracin breaks and
component failure. The fundamental fre uencies are 1 kHz and 5C0
kHz with an output voltage of 20V pea -to-geak. Maximum per-
missible voitage at the probe tip is 500V D.C. Powered by a self-
contained 1.5V cell, the current consumption is about 256 mA.

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

By M. G. Robertson

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

level of accuracy.

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

A much higher accuracy is obtained with the instru-
ment to be described, which is capable of measuring
resistance between 100Q and 0.1Q. The only expen-
sive item required is a 0-10mA meter movement and,
as is explained at the end of the article, a 0-1mA meter
or a 0-1004A meter can alternatively be employed
should one of th:ese happen to be on hand. The circuit
is so simple that it can be assembled in “lash-up”
form in less than an hour, and it could be so wired up
to measure the resistances of a batch of low value
resistors and then disassembled again.

SHUNT RESISTANCE READING |
The ohmmeter takes advantage of what is generally

referred to as the ‘‘shunt resistance’’ method of

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

674
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Current reading
meter
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. (~ )
[ o)
Test

terminals -

Fig. 1. A basic shunt ohmmeter, as employed in
some testmeters

variable resistor is adjusted for a full-scale deflection
reading in the meter with the test terminals open-
circuit. If a resistor is connected across the test ter-
minals less current is available for the meter and its
needle gives a reading which is lower than f.s.d.; the
smaller the value of test resistance the lower the meter
reading. An advantage of the circuit is that indications
are given for quite low test resistances. Also, the
current which flows through the test resistance can be
kept relatively small. A disadvantage with the circuit -
in its Fig. 1 form is that the current flowing from the
battery cannot be maintained constant at different
meter readings unless the battery is given an in-
conveniently high voltage.
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Fig. 2(a). With the circuit conditions shown here the maeter gives a reading of full-scale deflaction
(b). A test rasistance of 10 causes the meter to read 5mA
(c). When the test resistance is 2.5 the meter passes a current of 2mA

The situation improves considerably if the extra
complication of a constant current source for the
meter can be accepted. In Fig. 2(a) we have a 0-10mA
meter movement which is coupled to a constant
current source providing a current of precisely 10mA.
Furthermore, tﬁ
exactly 100. This is easily achieved in practice if we
employ a meter movement having a coil resistance
lower than 10% and insert in series with it a pre-set
variable resistor which is adjusted to bring the overall
resistance to that value.

In Fig. 2(b) we connect a resistance of 10Q across
the test terminals. Of the constant current of 10maA,
5mA now flows through the meter and 5mA flows
through the test resistance. In consequence, a test
resistance of 10Q is indicated by a reading of 5mA in
the meter. In Fig 2(c) a resistance of 2.5Q is con-
nected across the test terminals. Since this resistance
is one-quarter the value of the meter resistance and
since the same voltage appears across the two, the
current passing through t%e test resistance must be
four times the current passing through the meter.
The total current available is 10mA, and so 8mA flows
in the test resistance and 2mA in the meter. Thus,
the presence of a test resistance of 2.5 is indicated
by a reading of 2mA in the meter.

It is obvious that other values of resistance will
produce corresponding current readings in the meter.
The author has calculated the meter indications for
test resistances from 0.1Q to 100, and these are
listed in the table. Also, a chart showing resistance
values and corresponding meter readings is given in
Fig. 3. Either the table or the chart may be employed
in finding resistance values with a set-up of the type
shown in Fig. 2(a).
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e meter has an internal resistance of

+ +
Constant
current
source
1omA Y
2mA
8mA +
2:5n °
O
(c)
TABLE
Meter Reading (mA) Test Resistance ( Q)
0.099 0.1
0.20 0.2
0.29 0.3
0.38 0.4
0.48 0.5
0.57 0.6
0.65 0.7
0.74 0.8
0.83 0.9
0.91 1.0
1.7 2.0
2.0 2.5
2.3 3.0
2.9 4.0
3.3 5.0
3.8 6.0
4.1 7.0
4.4 8.0
4.7 9.0
5.0 10
6.7 20
7.5 30
8.0 40
8.3 50
8.6 60
8.8 70
8.9 80
9.0 90
9.1 100
675
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Fig. 3. Chart indicating test resistance value
against meter reading

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

The practical circuit for the low-value ohmmeter is
gl:vclan in Fig. 4. This employs quite simple basic prin-
ciples.

The constant current source is given by TR1, R1,
R2, R4, D1 and D2. Constant current sources have
been described in recent articles in this journal and so
there should be no need to give a detailed description
of circuit operation here. Approximately 1mA flows
through R4 and the two silicon diodes, causing a
stabilized voltage of about 1.2 volts with reference to
the neﬁative rail to appear at the junction of D2 and
R4. This is applied to the base of silicon transistor
TRI1. There-is a voltage drop of about 0.6 volt across
the base-emitter junction of TR1, whereupon R1 and
R2 require a total value which causes an emitter

ad_;rc

empeeme; R3
1 1On
i %
Flexible

leads M
| O-10mA

AAAAA
v

Test prods

"

3
(3

BCIO7
Lead ~outs

R|,R4 l/4watt 5%

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

current of 10mA to flow at the remaining 0.6 volt. The
required resistance value is of the order of 60Q. If,
however, a single pre-set variable resistor of say 1000
were connected on its own between TR1 emitter and
the negative rail it would be possible to accidentally
adjust this so that an emitter current, and a conse-
quent collector current, much higher than 10mA flow-
ed, with the risk of damage to the meter and to the
transistor. Inserting R1 in series with R2 ensures that
the maximum emitter current which can flow is no
greater than some 18mA whatever the setting of R2,
and both the meter and the transistor will be capable
of passing this current. Even so, it is always good prac-
tice in a circuit of this nature to start initial ad-
justments with the variable resistor inserting max-
imum resistance, and then to reduce this as required.

R2 may be a small skeleton pre-set potentiometer
and it is given a value of 100Q as this is the lowest
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value generally available in potentiometers of this
nature. A value of 500 for R2 would offer better
resclution in setting up and may be used if there are
no objections to employing a larger component.

The value of 100 meter resistance indicated in Fig.
2(a} has been arbitrarily chosen because virtually all
0-10mA meter movements available on the home-
constructor market have internal resistances lower
than this figure. The total resistance can then be
brought exactly to 10Q with the aid of the 100 pre-set

otentiometer, R3. Because of its low value, R3 will
ave to be a small wire-wound component. -

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

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

OTHER METERS

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

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

The fact that readings are independent of the actual
value of the constant current makes it possible to use
a 0-10mA meter in the circuit even when this has a
coil resistance in excess of 10Q. The meter can be
employed by connecting a shunt across it which brings
its effective resistance to less than 10Q, whereupon
R3 can be once more adjusted for a total resistance of
100. As an example, Fig. 5 shows the circuit adapted
for a meter whose internal resistance is 15Q. A 220Q
5% i watt resistor is connected across the meter to br-
ing its effective resistance down to about 9Q and the
meter then gives an f.s.d. indication at a constant
current of about 17mA. The instrument’is set up in
the same way as before; R2 is adjusted for an f.s.d.
reading with the test prods open-circuit, after which
R3 is adjusted for a ﬁalf—scale reading with a close
tolerance 10Q resistor connected across the prods.
Due to the higher constant current it would, in this in-
stance, be desirable to reduce R1 to 22 Q.

R3 é'—

+

M
’Q)o-zom

Internal resistance

=15a =22n

AAAAA
VVYY

Fig. 5. A maeter having an internal resistance
greater than 10(} may be employed if a shunt
resistor of suitable value is connected across it

Most 0-1mA and 0-100uA meter movements can be
similarly employed if provided with a suitable shunt.
The value of the shunt need not be calculated as it is
merely required that it brings the effective resistance
of the meter to less than 10¢C, and in both cases it
could be 8.2Q 5% 1 watt. A testmeter switched to one
of these current ranges could not, incidentally, be
employed instead of an individual meter, as its un-
iversal shunt current switching circuits would present
too high an internal resistance at the testmeter ter-
minals, | |

5 e
BACK NUMBERS

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

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

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

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

Libraries and members of local radio clubs can ofte

n be very helpful where an issue is not available for
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FOR DX LISTENERS

By Frank A. Baldwin

Times = GMT

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

ere.

©® NORTH YEMEN
Sanaa on 9780 at 1943 and also in parallel on
- 7190 with a programme of Arabic music and songs in
the Domestic Service (also to be heard on 4853).

® TAIWAN
Taipei on 7250 at 1322, OM and YL alternate in
Chinese then into a programme of local music.

® ALGERIA

Algiers on 11910 at 1905, OM with a newscast of
both local and world affairs in English (the
programme in English is from 1900 to 2000).

® UGANDA
Kampala on 9730 at 2015, mixed U.K. and local
pop records with announcements in a local dialect.

©® CLANDESTINE

“Voice of the Free Yemeni South” on 9960 at 1932,
YL with song in Arabic after a harangue by OM in the
same language.

“Voice of the Thai People” on 9422.5 at 1618,
sign-off after choral anthem and slogans.

® NORTH VIETNAM

Hanoi on 9840 at 1156, YL in Chinese and local
music in the External Service to South East Asia; also
on 7512 at 1410, YL in Laotian to Laos in the Exter-
nal Service.

CURRENT SCHEDULES

® QATAR

The Domestic Service from Doha may be heard on
9570 from sign-on at 0245 through to sign-off at 2100,
all programmes being in Arabic.

® JORDAN

Two Domestic Services are radiated in Jordan from
the capital Amman, the main programme being in
Arabic as follows — from 0330 to 0730 on 11810 and
7155; from 0730 to 0930 on 11810 only; from 0930 to
1400 on 9530 and 11810; from 1400 to 1730 on
7155 and 11810; from 1730 to 1900 on 11810 and
from 1900 to 2310 on 11810 (on 7155 to 2200).

878

Frequencies = kHz

The English Service is from sign-on at 1000 to 1300
on 7155 and from 1500 to 1730 on 9560.

® VATICAN CITY

“Vatican Radio” has an External Service in
English directed to the U.K. from 1445 to 1500 on )
6190, 7250, 9645 and on 1 1740; from 2030 to 2045
on 6190, 7250 and on 9645.

@ ISRAEL

The Israel Broadcasting Authority, Jerusalem,
operates an External Service in English to Europe
from 0400 to 0415 on 5900, 7413, 9009 and 17685
(also on 5915 in the Arab World Service); from 1100
to 1130 on 11645, 15100, 15465, 15485 and on
17685 (also on 5915 in the Arab World Service);
from 2000 to 2030 on 7413, 9009, 9815 or 9820,
11645, 15100 and on 15485; from {(experimentally)
%223002%) 2300 on 7413, 9815 or 9820, 11645 and on

® TURKEY

Radio Ankara -— “The Voice of Turkey” has a
programme in English directed to Europe, North
Africa and North America from 2200 to 0030 on
11880.

® BURMA

The “Burma Broadcasting Service”, Rangoon, has
a Domestic Service which is on the air from 0030 to
0230 on 7185; from 0330 to 0730 on 9725; from 0930
to 1600 on 5040. Various local vernacular
programmes are radiated from 1000 through to 1415
on 4725,

@ IRAQ
“Radio Baghdad” operates an External Service in
English to Europe from 1930 to 2030 on 9758.

® UGANDA

The Uganda Broadcasting Corporation, Kampala,
presents programmes in English as follows — to East
and Central Africa from 1430 to 1530 on 6030; to
South Africa from 1615 to 1730 on 6030; to West
Africa from 1800 to 1830 on 15325 and to North
Africa from 2030 to 2100 on 9730.

@ ETHIOPIA

“Radio Ethiopia”, Addis Ababa, ofters a service in
English from 1000 to 1030 and from 1504 to 1530 on
6185 and 9610.

® SOUTH YEMEN
“Radio of the Peoples’ Democratic Republic of
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Yemen’’, Aden, radiates a Domestic Service from

0300 to 0805 on 5060, 5970 and 7190; froin 1100 to
1845 on 5060, 5970, 7190 (except 1700 to 1715) and
on 11770; from 1900 to 2200 on 5080, 5970, 7190
and on 11770. '

o CLANDESTINE

“Radio Iran Courier” is a pro-communist
clandestine transmitter operating in Kurdish, Azer-
baijani and Persian from 1430 to 1620 on 9560,
11415 and 11695 and from 1620 to 1810 on 11415
and 11695.

“Radio Independent Spain” is pro-communist and
broadcasts anti-Spanish Government ropaganda,
the transmitters are located in Bucharest and,
nossibly, Sofia. From 0600 to 0800 on 7690, 10110
and 12140; from 1200 to 1400 on 10110, 12140,
14485 and 15505; from 1235 to 1255 on 15385;
from 1600 to 1800 on 7690, 10110, 12140 and
14485; from 1800 to 2245 on 10110, 12140 and
14485 and from 2005 to 2025 on 15185.

@ MEXICO .

“Radio Mexico” has an External Service in
Spanish from 1315 to 1535 and from 2000 to 0335 on
5985, 9705 and on 15385, identification is oc-
casionally made in French and English.

AROUND THE DIAL

In between recent spells of internal redecorating
and gardening, some time has been found for short
wave listening, from the logbook we note —

@ SIERRA LEONE
Freetown on 3316 at 2156, piano solo until 2200
then OM with the world news in English. This is the
Sierra Leone Broadcasting Service domestic
rogramme which is on the air from 0555 to 0730 and
rom 1745 to 2330. The power is 50kW and the
channel is a very difficult one, only occasionally can
Freetown be heard.

e CHINA

Radio Beijing on 4190 at 1740, YL with harangue
in Chinese then some local classical music.

PLA Fuzhou on 4045 at 1750 with similar
programme to that above.

® VENEZUELA

Radio Libertador, Caracas, on 3245 at 0050, oM
and YL with announcements in Spanish, jingles with
the inevitable commercials, local music then station
identification at 0100. Schedule is from 1000 to 0400
and the power is 1kW.

Radio Barcelona, Barcelona, on a measured 3386
at 0115, programme of Latin American music, 8ongs
in Spanish. Schedule is from 1000 to 1200 and from
2100 to 0400 and the power is 1kW.

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

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

¢ BOLIVIA

Radio Emisora Bolivia, Oruro, on a measured
4753.5 at 0030, very excited sports commentator 1n
Spanish. Schedule is from 1000 to 0400, power is 5kW
and this one is noted for wandering between the limits
4753 to 4755.
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Radio Universo, La Paz, on 5005 at 0300, OM with
identification in Spanish, local newscast with many
mentions of La Paz, news items read alternate by OM
and YL. Jingles, commercials and local music from
0320 onwards. This one is listed on 5007 but often
varies from 5005 to 5008, which all adds to the fun I
suppose! Schedule is from 1000 to 0400 and the power
is 1kW,

Radio San Rafael, Cochabamba, on 5055 at 2228,
OM in Spanish, identification at 2230 then into
programme of local music in typical style. Schedule is
from 0930 to 0500 and the power is SkW.

o BRAZIL

Radio Anhanguera, Goiania, on 4915 at 0300,
identification by OM in Portuguese, local pops on
records. Schedule is from 0900 to 0400 and the power
is 10kW.

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

® PERU

Radio Andahuaylas on 4840 at 0420, plaintive An-
dean songs and typical local flute music, some in-
terference from the African transmitter at Bukuvu.
Schedule is from 1130 to 1400 and from 2130 to 0530
(variable sign-off). Power is 1kW.

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

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

Radio Samaren, Iquitos, on 4815 at 0430, recorded
local pops then OM with station identification in
Spanish. Schedule is from 1100 to 0500 (here we go
again, sign-off observed to vary between 0400 to
0600). Just to add still more to the fun and games
associated with LA-Dxing, most identifications are
given simply as “Radio gamaren, Iquitos” but oc- -
casionally this one identifies as ““Voz de la Revolucion
Peruana”. The power is 1kW.

e ECUADOR

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

o COLOMBIA

Radio Surcolombiana, Neiva, on 5010 at 0401, OM
with station identification, slogans with echo-effect,
commercials in Spanish then into programme of Latin

American music. Schedule is 24-hour and the power is
2.5kW.

® COSTA RICA

Radio Cayital, San Jose, on 4832 at 0645, songs in
Spanish and local music in typical style. Schedule is
from 1200 to 0600 but sometimes observed on a 24-
hour stint. The power is LkW.
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HOMODYNE
S.S.B. RECEIVER

FOR 80 METRES

- By R. A. Penfold

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

pleted in next month’s concluding article.

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

The' receiver has only two tuned circuits, these

Y

appearing in the aerial and oscillator stages. As a
result the receiver can be aligned without the necessi-

"ty for test equipment. A further point is that tuning is

carried out by means of varicap diodes. A block
diagram showing the various stages of the receiver
appears in Fig. 1.

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

As is explained later, the receiver can be modified

Product

Aerial tuned

=1 detector =
MCt496

circuit BAIO2

RF filter p—io

A F amplitier
748

|

Oscillator
BCIO7
BAIO2

Phones

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

\

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

These are the bandset and bandspread tuning

_controls and the’ combined volume control
and on-off switch. g

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

OPERATING PRINCIPLE

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

An s.s.b. signal is often considered as being an or-
dinary a.m. one with the carrier and one sideband
suppressed, although it need not actually be generated
in this way. An a.m. transmission consists of three
parts, the carrier, the upper sideband and the lower
sideband. A simple example is shown in Fig. 2. Here
we assume a 1MHz carrier is being modulated by a
okHz audio tone. The modulation produces two
new signals in addition to the 1MHz carrier,
these appearing at 2kHz above and 2kHz be-
low the carrier. Their amplitude is relative to
the a%plied modulation level. The sidebands react
with the carrier at the detector of an a.m. receiver to
produce the original 2kHz audio tone. The phasing of
the two sidebands prevents them from reacting with
each other to form a 4kHz audio tone.

Carrier
e
3
Lower side,}und Upper sideband
Ampliv:udc
-
¢] } +
0998 IMHz 1002
MHz MHz

Frequency

Fig. 2. The signals which are transmitted when
a carrier of TMHz is amplitude modulated by
a 2kHz tone.
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COMPONENTS
Resistors

(All fixed values } watt 5%)
R1 4.7k 02
R2 4.7k Q
R3 4.7k Q
R4 4.7k 0
R5 68010
R6 5.6k 02
R7 470k Q
R8 3.9kQ
R9 3.9k
R10 4.7k 0
R11 10MQ
R12 470k
R13 6800
R14 4.7k @
R15 470kQ .
VR1 5k Q potentiometer, log with switch S1(a)(b)
VR2 100kQ potentiometer,%inear
VR3 10k Q potentiometer, linear

Capacitors

1 10-60pF ceramic trimmer

C2 22pF ceramic plate or silvered mica

C3 47pF polystyrene

C4 0.047uF type C280 (Mullard)

C5 100uF electrolytic, 10 V. Wkg.

C6 0.047uF type C280 (Mullard)

C7 0.47uF type C280 (Muilard)

C8 0.47uF type C280 (Mullard)

C9 2.2pF ceramic plate or silvered mica

C10 100uF electrolytic, 10 V. Wkg.

C11 0.01uF type C280 (Mullard)

C12 470pF ceramic plate or silvered mica

C13 10-60pF ceramit trimmer

C14 68pF ceramic plate or silvered mica

C15 100pF polystyrene

C16 0.47uF type C280 (Mullard)

Coils

L1 Miniature Dual-Purpose Transistor Tuning
Coil, Blue, Range 3T (Denco)

1.2 Miniature Dual-Purpose Transistor Tunipg
Coil, Red, Range 3T (Denco)

Semiconductors
IC1 MC1496 (see text)
IC2 748 (see text)
TR1 BC107 g
D1 BA102
D2 BZY88C13V
D3 BA102

Sockets
SK1 Insulated socket
SK2 3.5mm. jack socket
SK3 Insulated socket

Switch
S1(a}(b) d.p.s.t. toggle (part of VRI1)

Miscellaneous .
Aluminium chassis with base plate, 8 x 6 x Z}in.
4 hatteries type PP3 (Bver Ready)
2 battery connectors
3 control knobs
2 BYA valveholders
4 rubber feet .
Plain perforated s.r.b. panel, 0.1 in. matrix
20 s.w.g. aluminium sheet (for coil brackets)

Nuts, bolts, wire, etc.
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Most of the small components are assembled

on a perforated s.r.b.p. panel. There is ample

room in the case for this and the two brackets
on which the coils are mounted.

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

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

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

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

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

This type of transmission is known as single side-
band suppressed carrier (s.s.b.), and either the upper
sideband (u.s.b.) or the lower sideband (l.s.b.) can be
transmitted.

682

DIRECT CONVERSION

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

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

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

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

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

THE CIRCUIT

The complete circuit of the 80 metre direct conver-
sion receiver appears in Fig. 3. It will be seen that there
are two 9 volt supplies, one positive of chassis and the
other negative of chassis. These are provided by two
PP3 batteries.

The aerial is coupled to one input of IC1, which
functions as the product detector, by way of L1 and
C4. The tuned winding of L1 rejects signals outside
the required band. IC1 employs an array of three in-
terconnected differential amplifiers and incorporates
the equivalent of eight transistors, three resistors and
a diode.

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

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

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

Audio amplification is given by IC2, and this also
offers a_high level of gain. The 1.c. emplored is the
748, and it 1s connectedgas an inverting amplifier, with
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h
the gain controlled by the values of R11 and R10. The
actual gain level is equal to R11 divided by R10, and
this is 1n excess of 2,000 times. The non-inverting in-
gut is taken direct to chassis for biasing purposes.
ompensation is given by C9.

The output is taken direct from pin 10 of IC2 and
this is intended for either crystal headphones or a
crystal earphone. Crystal headphones are more
satisfactory for short wave listening. Although the out-
put will also feed high resistance (2,000 Q plus 2,0000Q
magnetic headphones, thte use of such headphones is
not really advised as there is then a tendency towards
motor-boating when the volume control is turned high
and the batteries have aged a little. The motor-
boating does not occur with a crystal earphone or
.crystal headphones. The output could be connected,
via a capacitor of around 0.02uF, to a high input im-
pedance amplifier driving a speaker, but the construc-
tor is advised to ensure that the circuit functions
?dequately with the crystal earphone or headphones

irst.

Transistor TR1 functions as the oscillator, and it
operates in the common emitter mode. L2 allows

ositive feedback to be given from the collector to the

ase of TR1 at a frequency determined by its tuned
winding. It is necessary for the oscillator to have a
fairly high output as it is important that the relevant
transistors in the product detector are used in a
switching rather than a linear mode. An inadequate
oscillator amplitude would result in a loss of audio
quality. The oscillator gives an output greater than 2
volts peak-to-peak when loaded, which is more than
aC(}elquate. The output is coupled to pin 10 of IC1 via

As already mentioned, power is obtained from two
9-volt batteries. These are connected in series with the
centre connection earthed to chassis. This type of cir-
cuit is rather unusual in a receiver but IC1 is designed
to operate from a dual supply, and it is then con-
venient to operate [C2 from tge dual supply also. S1 is
the on-off switch and is ganged with VR1. C10 and C5
are supply bypass capacitors. Current consumption is
approximately 7mA from the positive supply and
7.2mA from the negative supply.

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

" relatively wide bandwidth of L1.

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

* Avenue, Wembley, Middlesex. Of the remaining
parts, the 10-60pF ceramic trimmers required for C1
and C15 are available from Henry’s Radio and
Doram Electronics.

CASE

The receiver is built in an aluminium chassis with
base plate measuring 8 by 6 b{l 2zin. The chassis is us-
ed, in effect, upside-down with the base plate forming
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is carried out by variable capacitance -

15016 e 157" 1= -15/8" w1 -21/8" - wr 156"
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Fig. 4. Drilling details for the front and rear
panels.
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Fig. 5. Two brackets, each having the
dimensions shown here, hold the valveholders
into which the coils are plugged.
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the lid. The chassis may be home-constructed or
purchased ready-made. Drilling details for the front
and rear panels are shown in Fig. 4. Four holes near"
the corners of what is now the bottom of the case are
also required, these being employed for mounting four
rubber feet.

The coils L1 and L2 plug into B9A valveholders, to
the tags of which the circuit connections are made.
Each valveholder is mounted on an L-shaped bracket,
details of which are given in Fig. 5. The approximate
positions taken up by the two brackets can be seen in
the photographs. The case bottom may be drilled to
take them and the brackets then mounted in place.
Their exact positioning is not critical.

COMPONENT PANEL

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

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

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

A number of flying leads connecting to external
components are also wired to the paneE These may
consist of flexible insulated wires, each about 10in.
long. They will be cut to their final length later when
their free ends are connected.

.

NEXT MONTH

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

(To be concluded)

" RESISTIVE BANDSPREAD
CONTROL

By S. L. Martin

An

inexpensive approach for

cases

where small changes in short wave os-
cillator frequency are required.

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

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

2-2pF
Bandspread = Ska Oscitlator section of
control = ganged tuning
) capacitor

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

The potentiometer is coupled via a 2.2pF capacitor
to the oscillator section of the short wave receiver
ganged capacitor, and it varies oscillator tuning over a
small range. When the potentiometer inserts max-
imum resistance into circuit the coupling between the
oscillator tuned circuit and the 2.‘2p1g capacitor is at a
minimum and the detuning effect is low. When the
potentiometer inserts zero resistance into circuit, the
2.2pF capacitor is coupled directly across the os-
cillator tuned circuit and the alteration in oscillator
frequency is at a maximum. Intermediate settings of
the potentiometer produce intermediate changes in
oscillator tuning, whereupon the potentiometer acts as
a bandspread tuning control.

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

Topics

By Recorder

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

“NE1”, I called out.
(iuick as a flash my colleagues
replied, “For tennis?”

All T can say is that worse things
happen at sea.

PUN MY SOUL

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

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

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

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

But the one I like best, or the one
which is the least excrutiating, has to
do with the hi-fi record player which
reproduces perfectly every disc played
on it, which responds immediately and
faultlessly to aﬁ adjustments made to
its controls, and which contributes no
colouring of its own to the sound it
produces. It incorporates a deferential
amplifier. 3

ELIMINATOR SNAG

Turning, hastily, to a more serious
subject, a friend of mine decided that
he had had enough of paying con-
tinually increasing prices for the 9 volt
battery in his a.m. transistor radio and
so he decided to knock up a little
mains unit.
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This was a very simple arrangement
and consisted of a 6.3 volt heater
transformer feeding into a bridge rec-
tifier incorporating four 1N4002
diodes, these being followed by a
500pF electrolytic reservoir capacitor.
With a reservoir capacitance as high as
this the voltage appearing across it,
when the radio was playing at low level
and drawing around 10mA, would be
very nearly the peak value of the rec-
tified transformer secondary voltage.
The peak voltage across the 6.3 volt
secondary is 1.4 times 6.3, or about 8.8
volts. There are two silicon diodes
between the transformer secondary
and the reservoir capacitor on each a.c.
half-cycle, causing a forward voltage
drop of twice 0.6 volt, or 1.2 volts. So,
theoretically the peak voltage across
the reservoir capacitor would be 8.8
minus 1.2 volts, or 7.6 volts. In prac-
tice, it turned out to be just short of 8.5
volts. This is presumably due to the
fact that the transformer secondary
offered more than its nominal 6.3 volts
at the low currents involved, having
been provided by its manufacturer
with a few extra turns to give the cor-
rect voltage when loaded by a normal
valve heater circuit consuming an amp
or s0.

The power unit replaced the tran-
sistor radio battery quite satisfactori-
ly, the receiver battery leads now being
connected directly to the 500uF reser-
voir capacitor. There was little trace
of hum, although the hum level did in-
crease somewhat when the volume was
turned high. However, my friend does
not normally have the radio blaring
away and he was quite happy with his
power unit. I must hasten to add that
an elementary battery eliminator of
the type I've just described may not be
suitable with all transistor radios, and
that some may require a more com-
prehensive type of power supply.

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

SURGE CURRENT

The reason for the switch failure

was almost certdinly the fact that the
surge current, on switch-on, was much
higher with the mains unit than it had
been with a battery. The receiver had
the usual high value electrolytic
capacitor of around 200uF con-
nected across its supply rails; with a
battery the switch-on surge current
which charged this electrolytic would
be limited by the internal resistance of
the battery, whereas with the mains
unit the switch-on surge current would
come from the charged 500iF reser-
voir capacitor. As a matter of interest |
measured the short-circuit current of a
new PP9 battery recently and found
this to be approximately 1 amp. In
consequence, one could assume an in-
ternal resistance of the order of 9Qin a
battery of this size and a higher inter-
nal resistance in smaller batteries.
Also, internal resistance in any battery
increases as it ages. One would expect
much lower internal resistance in a
large value electrolytic capacitor. ’

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

PRINTED CIRCUITS

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

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

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

When printed circuits first started,
solder joints were made typically by
passing each board over a solder wave.
The lack of abrasion during the solder-
ing process soon became apparent, and
lead-out wires which were previously
considered perfectly solderable
produced a dismal quantity of cold
joints. Work was then urgently put in
hand to improve the solderability of
component lead-outs. )

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

By Brian Reay

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

employed as a signal injector and morse code oscillator.

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

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

MULTIVIBRATOR

The basic circuit is a simple multivibrator with
switching to facilitate the checking of both n.p.n. and
p.n.g. transistors.

The circuit of the tester appears in Fig. 1. The tran-
sistor to be tested is connected to the test socket and
S2 and 83 set to the polarity required. I1f the test tran-
sistor is n.pin. the switches are put to position 1,
whereupon the test transistor enters a multivibrator
circuit in common with TR1, the upper supply rail be-,
ing positive. If, when push-button S1 is pressed. an
audio tone is heard in a crystal earphone plugged into
the jack socket then the test transistor is good.

Rig 2Ry R3S
JKy C3 T T
—o—p— < BCI09
N | € |
r=1-1
:Co N
_
Test : C2 [~
socket :B" |
|
IEo
= TRy
oC44

[] b
2 %)t
< .

BCIO9 0C44
Lead-outs Lead-outs

S5/53 positions : | NP.N.
2 PNP.

Fig. 1. The circuit of the transistor tester. If the test transistor is serviceable an a.f. tone is produced in a
crystal earphone plugged into the jack socket : .
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COMPONENTS

Hesistors .
(All L watt 10°7)
R1 22k Q
R2 68k Q
R3 68k Q
Rt 22k Q

Capacitors
C1 0.01uF plastic foil
(2 0.01pF plastic foil
3 0.01pF plastic foil

Transistors
TR1 BC109
TR2 0OC44
Steitches
S1 push-button, press to make
S2 dopd.t. slide
S3 d.p.d.t. slide
Socket
JKT 3.5mm. jack socket
Battery
BY'1 1.5 volt cell tvpe HP7 (Ever Ready)

Miscellaneous
Crystal earphone with 3.5mm. jack plug
Transistor socket

’

~hould the test transistor be p.n.p., 82 and 83 are
set to position 2, causing the upper supply rail to
become negative and the test transistor to enter a mul-
tivibrator circuit in combination with TR2. Again. the
appearance of an a.f. tone in the earphone when S1 is
pressed denotes that the test transistor is good.

Because of the low supply voltage of 1.5 volts the
a.f. tone produced is lower than the calculated value
for R2, R:3, C1 and C2. The frequency will vary a little
also according to whether the test transistor isx ger-
manium or silicon, because of the different forward
base-emitter voltages in these two types of transistor.
In practice the frequency is of the order of 800Hz. It
wil’ be noted that TR1 in the tester is silicon and TR2
is germanium. These both function well, and it is
possible that almost any small signal n.p.n. transistor

could be used for TR1 and almost any small signal .

p..p. transistor could be used for TR2. However, cir-
cuit operation has only been checked with the two
transistors specified.

MORSE OSCILLATOR

To use the unit as a morse code oscillator a known
good transistor is fitted to the test socket, 82 and S3
adyusted to the required polarity and a crystal
earphone connected to the jack socket. The oscillator
may then be keved by S1 or by a morse key connected
across S1.

With a known good transistor connected to the test
socket, the unit may also be used as a signal injector.
For this application two flexible test leads are con-
nected to a 3.5mm. jack plug which is plugged into
JK 1. The lead connected to the jack plug sleeve is ter-
minated in a crocodile clip whilst (?\a( connected to
the jack plug tip is terminated in a test prod. The ¢lip
is connected to the chassis of the equipment being
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TR To G NPN
[ and R y
: b 3 BY| neg
Sy 53
- /To lower
0 lower — |
¢ supply rail To S W da ::iP'P Y
ToCp !
and R4 ﬁ .\
l BY) pos
TRy ™ PNP

Fig. 2. The wiring at the two slide switches

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

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

Plastic \bridgc'
VLIVIR |

S3

PNP

Slots in panel

Fig. 3. The slide switches are “ganged” by a
plastic “bridge” batwaen their dollies which is
secured with Araldite

All the parts are assembled in a small plastic case
with S1, 82, 83, JK1 and the test socket mounted on
the front panel.

The prototype has been employed successfully for
checking a wide range of transistors, both marked and
unmarked. Ifit is unknown whether the test transistor
is n.p.n. or p.n.p. it may be checked first for one
polarity and then for the other. It is very doubtful if
the transistor could be harmed by an incorrect con-
nection, due to the low supply voltage and the
presence of R1 and R2. Similarly, if the lead layout of
the transistor is unknown it may he connected to the
test socket in different ways until the correct method
of connection is found. [ ]
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The Thor-Delta rocket used for the
launch of Oscars 6 and 7.

890

OSCAR 8

Future plans for

the next amateur
radio satellite

By Arthur C. Gee

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

The first point of interest about the
Phase II] satellites is that they will
have eliptical orbits, not circular ones
as with the earlier OSCARS. The
proposed orbit for OSCAR 8 is an
apogee (furthest away point) of 36000
Km and a perigee (closest point) of

1500 Km. The apogee would be over
the northern part of'the earth, and the
perigee over the south, with an orbit
time of 11 hours. This would give a
much longer period of time for com-
munication for stations situated in the

" northern hemisphere — where most of

the activity is. Communication
between such stations could take place
for periods measured in hours, rather
than in minutes, as at present with cir-
cular orbits.

Putting a satellite into an eliptical
orbit requires a boost motor, to modify
the ejection orbit into the required
eliptical one. So OSCAR 8 will be the
first amateur radio satellite to have a
rocket motor. AMSAT-USA who are
responsible for co-ordinating the
Phase 111 programme, have located a
suitable apogee boost motor and
progress is being made in negotiations
with a solid propellant motor supply
company for its manufacture. The
motor will make up two thirds of the
total weight of OSCAR 8 before igni-
tion.

Phase OI orbits

The configuration of OSCAR 8 will
be in the form of a three pointed star,
the centre being the orbit change
motor; the three arms containing the
rest of the equipment and displaying
the solar panels. This spacecraft struc-
ture has been selected to allow the
maximum possible size that can be
placed into the launch vehicle, while
maintaining the rotation symmetry
and moment of inertia properties im-
parted to a spinning satellite.
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functional testing of the flight
spacecraft and for procuring the ma{'or
space items such as batteries, solar
arrays, 1.C.s, space certified com-
ponents and so on,

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

S/C [launch vehicle
interface ring
(standard 9inch)

Apogee boost
motor nozzle

» with visual display terminal umts,
P N Amsat phase I AMSAT Deutchland is responsible
g It spacecraft for the engineering design of OSCAR 8
(side view) itself. One important unit is that

| ] known as the Integrated Housekeeping
Unit (IHU) which will include the

Command Decoder and will have a
microprocessor and a memory unit,
The transponders, solar power units
and antennas are also the responsibili-
ty of AMSAT-DL. AMSAT-Canada
are working on the artwork for the

Solar arrays HI-Gain antenna

(6) surfaces

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

MHz and 145/435 MHz transponders
aboard.

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

Oscar 8, like its predecessor, will be
a joint international project. AMSAT-
USA is responsible for managing the
overall Phase 111 programme; for

flight command decoder printed cir-
cuit board and also on the ground
checkout equipment which will be
needed to test the spacecraft and its
sub-systems out.

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

4-WAY BEAM SPLITTER

IN NEXT MONTH'S IIAIIIIIE':HII:IHIINII:S

ONSTRUCTOR

This unit allows the simultaneous presentation of four

separate traces on a single oscilloscope screen.

Switching from one trace to the next may be syn-

chronised with the C.R.O. timebase, or it may be

achieved by an unsynchronised chopping circuit. A

switch is also provided which allows the circuit to split
two waveforms only instead of four.

GENERAL PURPOSE I.C. AMPLIFIER

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

AUDIO CONTROL CIRCUITS

The first of 3 articles introducing the Motorola

MC3340P electronic attenuator and describes it use in

an audio compression amplifier and an audio squelch
unit.

MANY OTHER ARTICLES
PLUS ALL THE

USUAL FEATURES

ON SALE 1st JULY PRICE 35p
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TWO

TRANSISTOR

/e

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

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

MAINS OPERATION

An essential feature of the unit is that it has to be
mains operated. This does not represent a disadvan-
tage as continuous operation from a battery could
prove expensive.

In the circuit, which appears in the accompanying
diagram, the mains supply incorporates a heater
transformer, T1, the 6.3 volt secondary of which con-
nects to the bridge rectifier given by D2 to D5. These
then couple to the large value electrolytic reservoir
capacitor, C3. A direct voltage supply which is suf-
ficiently smooth for the present application appears
across this capacitor.

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

692

TOUCH BUTTON

By D. W. Savage

[ comronents |

Resistor
R1 30Q } watt 5%

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

Transformer
T1 Mains heater transformer, secondary
6.3V at 1 amp or more

Semiconductors
TR1 BC107
TR2 BC107
D1-D5 1N4002

Switch
S1 d.p.s.t. toggle

Relay
Miniature Open P.C. Relay, 410Q coil
(Doram)

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

RADIO & ELECTRONICS CONSTRUCTOR
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Touch TRy

Bcloy  BCIO7

+
€ % I < Relay

BC107
Lead -outs

Si
J On -Off
T
1 Iy
D2 & 03 | I
N[ (-
u | AC
[==lg) |
3 v I: mains
|l
To switched
circuit
Relay

contacts

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

The consequent small base current in TR1 is con-
siderably amplified by the two transistors, causing
pulses of current at 50Hz to be passed to the relay coil.
C1, across the relay coil, acts as a reservoir capacitor
and charges such that the voltage across the relay coil
remains steady at very nearly its peak value. Resistor
R1 limits charging current in C1 to 200mA, which is
the maximum rated emitter current for TR2. In the
prototype the measured voltage drop between TR2
collector and emitter when the button was touched fell
to about 1.3 volts only. It could be reduced (and the
voltage across the relay coil consequently increased)
by increasing the value of C 1, but this tends to make
relay release a little sluggish. With the present compo-
nent values and voltages it would appear that TR2 is
hard on for at least part of the incoming hum cycle at
TR1 base.

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

TOUCH BUTTON

The touch button can be a small circle of any shiny
metal having a diameter of about 0.5in. It is mounted
in an insulated surround and couples to C2 via screen-
ed cable. Television coaxial cable should be satisfac-
tory for lengths up to 20ft. or so but it may be
necessary to use screened audio wire for longer
lengths. The length of unscreened wire at both ends

JUNE 1976

should be about half an inch or less, and the leads of
C2 inside the unit should be kept short. This will pre-
vent unnecessary hum pick-up in the base circuit of
TR1. The touch button should not be positioned out of
doors or in a damp location.

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

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

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

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

Part 2

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

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

: suitable case.

In the first part of this article, published last
month, details were given of the main receiver
assembly and the operation of the 8in. ferrite rod
which selects the two lower wavelength ranges and ac-
tuates the switch S1.

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

WIRING

Fit VR1, VC1 and VR2/8S2 to the receiver assembly
with their tags taking up the positions shown in Fig. 3
(published last month). Then take up the 18-wa
tagboard and cut off a 5-way section from one end,
leaving a 13-way tagboard. With the board one way up

WS
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A view inside the receiver with the peg board
panel removed
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it will be found possible to secure its upper end to the
item of Fig. 2(a) by means of small woodscrews passed
through two new holes drilled at the top, and to secure
its lower end to the item of Fig. 2(c) with the aid of a
Lektrokit LK2311 bracket mounted at one of the ex-
isiting central holes in theboard. This is made clear in
Fig. 3 and 4. In both diagrams thefoot of the bracket
points towards the reader. Determine which way up
the board should be then drill the two extra holes. The
bracket may now be mounted to the board with a
short 6BA bolt and nut, the bolt head being on the
same side as the tags. The board is not fitted to the
receiver assembly yet.
_ Next wire up the tagboard as illustrated in Fig. 4.
The components should not project above the
tagboard more than about Hin. as they would then ex-
tend over the edge of the item of Fig. 2(c). The lugs of
T1 and T2, bent outwards, are soldered to the adja-
cent tags of the tagboard, the latter tags being bent
down to reduce the height of the transformers above
the board. If the diameter of C7 is too great it must be
mounted on the other side of the board. The compo-
nent employed by the author was a Siemens axial lead
type (available from Electrovalue) which has a body
diameter of 13mm., or 0.51in. The external leads
identified as A, and C to H, are added after the board
is fitted in position, as also are the two leads to the
speaker. There are three leads marked B and the com-
ponents concerned are soldered to a common point
outside the board. In practice, R8 crosses over the
board and its leads should be covered with sleeving to
obviate the risk of short-circuits. 0

Put the board on one side and then complete the in-
terconnecting wiring shown in Fig. 3. At this stage,
also fit the 2in. 4BA bolt which secures the battery.
Screw the tagboard to the receiver assembly and com-
plete the remaining wiring, lettered A to H. It will be
noted that the common connection for the three leads
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Fig. 4. Wiring up the components on the tagboard. Some of the earthy circuits are completed by way of
the metal transformer frames. The letter references correspond with those in Fig. 3, which was
published last month

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

No slow motion drive is provided for VC1 and, in
consequence, this requires a large knob. A suitable
knob can be made quite easily by initially cutting out
a circle of Perspex with a diameter of 2¢in. This has a
hole at its centre to fit the base of a small standard
knob and the two are secured together with adhesive.
A small knob is also required for fitting to the end of
the 8in. ferrite rod. This should be of all-plastic con-
struction and its hole is drilled out to §in. diameter
to take the rod. The projection of the rod outside
the case when it is fuﬂy in is some #in. only, but
this should enable adequate purchase to be obtained

~with most small knobs. To reiterate, the ranges
selected by the ferrite rod are: Range 1 (120 to 290
metres) rod out and s.r.b.p. projection up, Range 2
(medium waves) rod in and s.r.b.p. projection up, and
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Range 3 (long waves) rod in and s.r.b.p. projection
down.

CHECKING

The receiver chassis is now completed and perfor-
mance may be checked. Reaction should be ver,
smooth and on the normal medium wave band it
should be found that the critical setting for VR1 which
gives maximum sensitivity remains constant over
nearly the whole of the band. Experimenters may like
to replace R8 with a pre-set skeleton potentiometer of
10k0, as this component affects the constancy of the
reaction setting on medium waves. However, 4.7k}
represents a good compromise value for most
specimens of TR1, TR2 and D1. If a potentiometer is
employed, it should not be adjusted to insert very low
resistance as it may then pass a somewhat excessive
track current.
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VR1 has to be advanced a little further for max-
imum sensitivity on Ranges 1 and 3, and it will also
require some adjustment %or different settings in VC1.
The most sensitive setting for VR1 is just short of os-
cillation, and the potentiometer should be adjusted to
this point when maximum selectivity is required.
Volume can then be controlled by VR2. Best qualitK
from local stations is given when VR1 is taken bac
from the point of maximum sensitivity.

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

As has already been described, the position of the
third grommet on the 8in. ferrite rod is adjusted to
give tﬁg required coverage on Range 1. Here, 120
metres is about the high frequency limit for efficient
working. The grommet is in the correct position if it
allows Radio 4 on 285 metres to be tuned in with VC1
nearly at maximum capacitance. If desired, the ad-
justment in value to R6 which was referred to last
month may also be carried out.

CASE

A suitable case is illustrated in Fig. 5. The receiver
slides into this, the Fig. 2(d) item first, whereupon the
range change knob appears inside the space cut out
for it in Fig. 5(c). The panel of Fig. 2(b) is now the front

anel of the set and this may be covered with a thin

ersEex sheet te improve a%pearance. A piece of
speaker gauze is cut to fit, and this and the receiver
assembly can be inserted into the case at the same
time. Alternatively, speaker fabric can be glued to the
inside of the piece of Fig. 5(a). In Fig. 5(b) there isa
removable peg board which has its lower edge screwed
to the item of Fig. 2(c) and its upper end screwed to a
small piece of wood fixed to the top of the case. The
assemgly and the case are held together when these
two screws are inserted and tightened up.

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

Wooden block
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| AN \ 53/8"x1l/2" 22" 53/8"x 114" \
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N
/ hold handle N N
Y =t 1 h
3 o o o l“ @ io o o :
5 : LR I
Receiver i o 0o o o o o o
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here /’ | o o o o o o o
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Rear Speaker " i o o o o o o o
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x knobs” I o o o o o o o
334" f
}.‘- o o o o o o o
il ]
\ * ‘h { o o o o o o o
. 1.Ill""I" I * ________
Y » // ' \ \ / d
iy } } Perspex // .’ / /
14 plywood Bottom 83/4% 312" Speaker front 114" plywood Pegboard
P°n¢,| . \ 53/8"x 53/4” I/li”plywc;od
(@) 845718 SRBP panel )
Base of receiver
. -3 - assembly
/8 (b)
v
el S
138" o % ~34t--
- Fig. 5. Details of a suitable case. The dimen-
i sions are suggested for guidance; actual
538" \:::;'”" (17 L3 dimensions should be taken from the receiver
assembly as constructed
REAR -
.‘\
.
Y Speaker panel fitted
- = to this edge
(c)

696 '

RADIO & ELECTRONICS CONSTRUCTOR

www americanradiohistorvy com


www.americanradiohistory.com

Another view of the interior of the receiver

cutting out the items of Fig. 2. the specified components including, in particular, the
A stiff wire handle is provided, this fitting into a semiconductors. he diode is very important. Ex-
further two of the Lektrokit LK2311 brackets. A wire equipments OA10’s have been found perfectly
coat hanger was cut down and bent into shape for the satisfactory, and it must be remembered tﬁat these
prototype. An annoying rattle on loud notes was traced are very different from manufacturer’s rejects. The
to the handle ends vibrating in the bracket holes, and ~ ex-equipment diodes are cheaper than new
two short lengths of insulated sleeving slipped over the specimens. Also, new transistors with the proper
ends of the handle soon cured this fittle trouble. manufacturer’s type numbers should be employed

As a final point, the constructor is urged to employ and not re-brands. ]

(Concluded)

Use the NEW
Strip-fix Plastic
PANEL SIGNS

+ SET 3-Wording-WHITE Over 1,000 words and sym-
+ SET 4-Wording-BLACK  bols, covering more than
300 terms, in each set
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% SET 5-DIALS e
6 sheets containing one Large and two Medium scales.
Large Horizontal Tuning scale, Frequencies, 12 Control
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{P. & P. 7p per set) ALL PRICES INCLUDE V.A.T.
@ Easy to fix @ Stapled in booklet form
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@ Pocket for looseé cuttings @ Professional finish
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This month Dick and
Smithy take a look at some
basic aspects of the J-K
flip-flop. In the process,
Smithy is able to
demonstrate to his assis-
tant the functioning of his
latest creation: his Binary

Gambling Device.

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

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

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

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

J-K FLIP-FLOP

“Well,” said Smithy contentedly, as
he stretched luxuriantly before settling
down comfortably on his stool, “‘this
has been one of the most pleasant days
I've known for ages.”

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

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

“Have we?” queried Smithy. *“Then
that’s just what I need.”

“How come?”’

“It will give me time to show off my
latest gadget,” replied Smithy. “I put
the finishing touches to it at home last
night.”

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

Light-emitting diodes

Toggle Press-
switch -button
Fig. 1. The front panel of

Smithy’s Binary Gambling
Device. The case may be of
metal or plastic with
suitable dimensions for the
components and battery

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

“Hello,” he remarked curiously.
“What have vou got there?”

“This,” stated Smithy proudly, “is
my Binary Gambling Device.”

“What's it do?”

“Nothing very complicated,”
chuckled Smithy. “Actually, all it does
is offer an electronic equivaxlent to the
process of tossing a coin. As you can
see, there are two le.d.’s on the front
panel, and I've labelled one ‘O’ and the
other ‘I’. If the unit is switched on,
both the led.'s glow at the same
brilliance. When you press the button
one l.e.d. goes out anJ)the other stays
on, glowing more brightly. The selec-
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tion of which l.e.d. remains on is com-
pletely random, and it cannot be in-
fluenced by the person pressing the
button.”

“] see,” said Dick, interested. ‘'l

seem to recall seeing similar gubbinses
described before in home-constructor
mags.”’
“You will have,” confirmed Smithy.
“Quite a few designs for selecting one
of two lamps or le.d.'s on pressing a
button have cropped up in the past. So
far as 1 know, the unit I've got here
employs a new approach, since the
random selection of the lit led. is
achieved with the aid of a t.t.l. in-
tegrated circuit. However, the princi-
ple is very simple and I certainly
wouldn’t claim that it breaks new
ground. On the other hand, the gadget
is so easy to make up that it represents
quite an attractive little electrenic
playt]hing.”

“‘How does it work?”

“It has a 555 timer which is wired
up as a multivibrator running at an
audic frequency,” replied Smithy.
“The 555 output is then coupled toa J-
K flip-flop, and the two le.d.’s are fed
from the flip-flop Q and not-Q out-
puts.”

Dick sighed.

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

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

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

STABILIZING CIRCUIT

Dick stared closely at the circuit.

“Well,” he remarked, ‘‘there’s one
bit [ can recognise, and that’s the zener
diode stabilizing circuit on the right.”

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

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

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

“Then why use a power transistor?”’

“Because,” said Smithy, “there’s
rather a larﬁe surge current at switch-
on, due to the 1004F bypass capacitor
following the transistor emitter.

Immediately after closing the on-off
switch the base of the transistor is
hiased on by way of R7. The emitter of
the transistor connects to the discharg-
ed 100uF capacitor, and this will in-
itially act virtually as a dead short. In
consequence, a brief but high surge
current could momentarily flow from
the 9 volt positive line through the
collector and emitter of the transistor
to the discharged capacitor. In the pre-
sent circuit, the initial surge current is
limited to about 330mA by the
presence of R6 in the transistor collec-
tor circuit, and this is comfortably
within the maximum collector current
rating of 500mA for the AC127. The
surge current flows for an extremely
short period of time after switch-on,
but it's surge currents of this nature
which cause transistors to unexpected-
ly go pop. After the 100uF capacitor
has charged to its full voltage the
current flowing in the 2712 resistor is
the 25mA drawn by the integrated cir-
cuits and the voltage dropped across it
is around 0.7 volt only. The total
current drawn from the 9 volt battery
is then about 29mA.”

“Couldn’t you,” asked Dick, ‘‘have
used a silicon transitor instead of a
germanium one?”

“] could have done,” admitted
Smithy, “provided I chose one with a
reasonably high maximum collector
current rating. The BFY50, with a
maximum rating of 1 amp, would have
been suitable, for instance. The 5.1
volt zener diode would have to be
replaced by one rated at 5.6 volts,
because there would then be a voltage
drop of around 0.6 volt between the
hase and emitter of the silicon tran-
sistor. Okay?”

S2
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Fig. 2. The circuit of the Gambling Device. The chassis connection is made to the case if this is metal
899

JUNE 1976

www americanradiohistorv com


www.americanradiohistory.com

Your Local Supplier

LONDON
THE

| MODERN BOOK CO.

Largest selection of English &
American radio and technical
books in the country.
19-21 PRAED STREET,
LONDON, W2 INP
Tel: 01-723 418512926

ST.HELEN'S RADID

Hi-Fi Equipment
Tape Recoraers
Radio Receivers

Television
SPECIALISTS IN RADIO
& ELECTRONIC TEXTBOOKS

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

HAMPSHIRE

BOURNEMOUTH

LARGEST HI-FI AND
RADIO COMPONENT
STORE IN THE SOUTH

FORRESTERS NATIONAL
RADMO SUPPLIES LTD,

70=-72 Holdenhurst Road
Bournemouth
Teleplione 25232
Closed all day Wednesday

SURREY

WITWORTH
TRANSFORMERS

TV Line out-put transformers

Manufacturers of the largest range in
the country. All makes supplied.
Modern
BAIRD, BUSH, GEC, PHILIPS
Replacement types ex-stock.

For “By-return” service, contact
London 01-948 3702
Tidman Mail Order Ltd., Dept. R.C.
236 Sandycombe Road,
Richmond, Surrey TW9 2€Q

Callers welcome.

700

“Yes”, replied Dick. “That seems to
have got the stabilized supply all but-
toned up. Let’'s move on to the 555
timer.”

“Well,”” said Smithy, ‘“‘there’s
nothing startling about the 555 circuit
either, because it's used in quite a
standard multivibrator arrangement.
The 555 can operate at supply voltages
between 4.5 and 16 volts, and so it
works quite happily at the 5 volts
which is available for it here. After
switch-on, C1 commences to charge
via R1 and R2 until the voltage across
it reaches two-thirds of the supply
voltage. This voltage triggers the inter-
nal comparator connected to pin 6,
whereupon pin 7 is taken down cfose to
chassis potential and C1 discharges via
R2 on its own. When the voltage across
C1 reaches one-third of supply poten-
tial a second internal comparator, con-
nected to pin 2, comes into play and
causes pin 7 to become open again.
The capacitor then charges once more
via R1 and R2 until the voltage across
it reaches two-thirds of supply voltage.
At this point it starts to discharge
again via R2 on its own, and so the
cycles proceed. The output at pin 3 is
at a high positive state when the
capacitor is charging and it is at a
low state when the capacitor
is discharging. If the output currents
are low, as occures in my circuit,
the output voltage at pin 3 is
about 1.2 volts below the positive
supply rail when it’s high, and 1s about
0.25 volts above the negative supply
rail when it's low.”

“If,” said Dick thoughtfully, “the
output at pin 3 is high when C1
charges via }gl and R2 and is low when
C1 discharges into R2 on its own, the
period of time in the cycle when the
output is high will be longer than the
period when it is low.”

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

PRESS-BUTTON

“Well,” said Dick brightly, “things
look nice and easy so far. The trouble
is that we now come on to this dratted
J-K flip-flop thing.”

“Don’t trouble yourself too much
over the flip-flop,” grinned Smithy.
“we aren’t going to cFo anything very
complicated with it and, in fact, we
shan’t’even be using it anywhere near
its full capability. As we already know,
we have an output waveform with
regularly spaced negative-going pulse
edges at pin 3 of the 555 oscillator.
This waveform is applied, via the nor-
mally closed push-button S1, to pin 12
of the 7470. Pin 12 is its clock input.”

“Blimey," said Dick des eratelv, “a
clock input, now! How the heck do
clocks come into it?”

“Digital computers,” stated Smithy,
“have a continuously running pulse
generator which is referred to as the
clock. The devices in the computer -
which carry out arithmetic functions,
such as a J-K flip-flop, are all coupled
to the clock, with the result that they
all move to the next logic function at
the appropriate part of each clock
pulse. Usually, this is at the negative-
going edge of the clock pulse. In con-
sequence, the whole calculating part of
the computer moves from ane step to
the next at the frequency of the clock.
The speed of the computer is, in fact,
governed by clock frequency. And, for
our present purposes, that’s all you
need to know about the clock.”

“Just that?”

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

J ——
J-K
K=—=—=—""1 Flip-flop
Clock
INPUTS OUTPUTS

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

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

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

“Yes, sure,” replied Dick cheerily.
“And, of course, we can’t have any
numbers other than 1 and O because
t.t.1. devices work in binary notation,
31 which the only numbers are 1-and

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

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

“Such as when ?”’

“Oh, around 1996!”

“Fair enough,” chuckled Smithy.
“We'll keep to simple considerations
for the time being and take the flip-
flop internal circuitry for granted. I'm
now Jgoinsl to draw up a truth table for
the J-K flip-flop.”

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

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

TRUTH TABLE

Smithy completed the table and put
his pen back in his pocket. (Fig. 4.)

“That truth table looks a bit
different from the ones I've seen in the
past,” said Dick suspiciously. “For a
start it’s got two lots of headings for the
columns.”

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

“Keep at it, Smithy,” said Dick.
“You haven’t lost me yet!”

“Right,” said Smithy briskly. “The
top line in the table applies to the in-
stance where both J and K are O. After
the actuating clock pulse edge the
value of Q, in the third column, is Q}rll
This means that Q, at Tn+1, is the
same as it was at Tn. If it was 1 before
the clock pulse actuating edge it is 1
after the actuating edge. Similarly, if it
was O before the actuating edge 1t is O
after the actuating edge. With J and K
at zero, the clock pulse has no effect on
the state of Q.”

“Okeydoke,” said Dick, frowning.
“Let’s carry on to the second line.”

“In the second line,” continued

Tn T+l
J K Q
o] o] Qn
I (0] I
o] I o]
I I On

Fig. 4. Truth table for the

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

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

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

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

“In the first line,”’ said Smithy in
reply, “the value of Q was Qn after the
clock pulse. In the fourth line, the

value of C%is not-Qn. This means that |

if Q was 1 before the clock pulse edge it
changes to O after the clock pulse edge.
And if it was O before the clock pulse
edge it changes to 1 after the pulse
edge.”
“Now, let’s think about this for a
moment,” said Dick reflectively., “If
we keep both the J and the K inputs at
1, and the Q oytput is also 1, the Q out-
put will change from 1 to O after one
clock pulse edge, from O to 1 after the
next clock pulse edge, from 1 back to O
after the following pulse edge, and so
on.”

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

ights up whenever the Q output is low
or is at O, and extinguishes whenever
the 8 outputis highorisat 1.” (Fig.5.)

“Gosh,” breathed Dick. “This is
beginning to get clearer all the time.”

“] said just now,”’ remarked
Smithy, “that you should forget the
not-Q output for a bit. We can now
bring it back into the discussion by poin-
ting out that, in my circuit, it couples
to the positive rail via a second
resistor, R5, and a second led.,
LED2. So, when LED1 is alight, LED2
is extinguished. Conversely, when
LEDI is out, LED2 is alight.”

Smithy stopped and gazed expec-
tantly at his assistant.

“J've got the whole picture now,”
stated Dick. “You first of all switch on
the gadget at S2 whereupon the 555 i.c.
starts oscillating at around 1kHz. The
1kHz output from the 555 is applied to
the clock input of the 7470, and it
causes LED1 to light up during one cy-
cle and LED2 to light up during tge
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following cycle. The l.e.d.’s are turned
on and off so quickly that they seem to
be continually illuminated. If, now,
switch S1 is pressed, the switching
waveform is (fisconnected from the
clock input of the 7470, and it then
stays in the state it was in at the ins-
tant of breaking the connection.”

“You've got it,” affirmed Smithy.
“The breaking of the connection at S1
can occur when either LED1 or LED2
is alight, and this is a purely random
matter as it is impossible to select the
exact instant when either is on. In con-
sequence, pressing the button causes
either LED1 or LED2 to remain alight
in truly random fashion. Whichever
l.e.d. lights up, it glows with a higher
intensity than before because it has
current applied to it continually in-
stead of for half the time.”
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Fig. 5. LED1 is illuminated

when the output at pin 8 of

IC2 is low, and LED2 lights

up when the output at pin 6
is low

FURTHER POINTS

“This is really something,” stated
Dick enthusiastically, as he looked
once more at the circuit of Smithy’s
device. “Hey, wait a minute, though!”

“What’s up?”

“Things aren’t quite as simple as
ou’ve made out,” said Dick accusing-
y. “For instance, what’s that 1kQ

resistor doing between the clock input
and the 5 volt positive rail?”

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

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

“I wondered how long it would be

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

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

(Fig. 6.)

“gI'he practical J-K flip-flops you
bump into,” he went on, “don’t have a
single J and a single K input, as in the
simple version I described to you. Nor-
mally, they have two or three J and K
inputs going into an AND gate before
they hit the flip-flop circuitry. When
this happens you have to tie all the J
and all tﬁe K inputs to the positive rail
to give you the situation where J and K
are at 1. If you look at this pinning
diagram for the 7470 you’ll see that

ins 3 and 4 are labelle({Jl and J2 and
goth go to an AND gate. Similarly K1
and K2, at pins 10 and 11, go to
another AND gate. So, as a kick-off,
we have to connect pins 3, 4, 10 and 11
to the positive rail, as well as the
positive supply point at pin 14.”

“That doesn’t clear up all the J and
K connections,’” said Dick. “There are
two_pins, 5 and 9, which are marked as

- J and K with an asterisk.”

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

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

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

*“Suits me,” said Dick cheerfully. “I
think I’ve taken in enough gen on the
J-K flip-flop for one session. Let’s tfy
out this gadget of yours, Smithy.”

“Righty-ho,” said Smithy oinging-

ly.

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

RANDOM OPERATION

Dick leaned forward and pushed the
press-button. The l.e.d. marked ‘O’
glowed on its own. Dick released the
press-button and pushed it again.
Once more the l.e.d. marked ‘O’ lit up.
Dick took his finger off the button then
made a further attempt. For the third
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7470 (Top view) : .

Fig. 6. Block diagram illustrating the pin connections and internal
circuitry of the 7470 J-K flip-flop

time the ‘O’ l.e.d. came alight.

“Hey,” he said critically, ‘‘this
device is a bit one-sided, isn't it?”

“Don’t worry about it,” advised
Smithy. “You often get runs like that
in random 2-way devices. Don'’t forget
that, even if the ‘O’ light has lit up for
as much as six successive times, the
chances of it lighting up on the seventh
time are still 50:50. If you want to
check a gadget like this for bias you
have to operate it for something like
several hundred times, keeping a score
for each le.d. After this number of
operations the scores for the two
l.e.d.’s should be roughly equal if
there’s no bias towards one.” .

Tentatively, Dick pushed the press-
button once more. This time the ‘1’
l.e.d. came alight.

“Hey,” he chuckled, ‘“this is fun.
Here, I’ll bet you two pence that the
next time it will be the ‘O’ lL.e.d.”

“You're on,” said Smithy, digging
into his pocket.

And, such is the lure of gambling for
even the most moderate of men that
the June sun, already fairly low in the
heavens when we joined our intrepid
wanderers along the boundless
avenues of electronics, had almost
completely set as we leave them after
they had decided to call it a day and
were counting their gains or losses.
And such was the random nature of
Smithy’s Binary Gambling Device
that they were both surprised to find
that they had each ended with exactly
the same amount of money as they had
when they started.
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Valve type 747, for 30W Tx £2.60

Transistor type. p/p NKT404 to QQV03-20s
{or QQV03-10). with driver transformer to
match — special offer — the two £1.30

Mains transformer (multitap primary)}
250-0-250V 200mA, 6-3V 5A, 5V 2A,
fully shrouded. {suitable for 30W Tx — match-
ing style to mod. transf.) '£6.96
Connection data supplied with transformers.

H.T. chokes 5H 80mA, 1-8H 125mA £1.26

Relays GPO type 2400, 12V coil, 8A contacts,
4PCO or 2P make 40p each: 5+: 26p

Neons min. wire end, 66p/10; £4/100
Slide Switches min. DPDT 15p ea: 65+: 12p
2 pole. 3 position 22p each; 5+: 18p
PL259 UHF Plug & Reducer 60p: 6+: 50p
$0239 UHF Socket panel mtd. 46p; 6+: 36p
BNC cable mtg Socket 50 {) 16p; 5+: 12p
Resistor Kits 10E12 5% C-Film, 10 each value
22 () to 1M (570 pcs) } or W £4.78
Numicators ZM1080 76p each: 5+: 83p
1.C.’s {new, full spec.} CD400O1AE 40p
SN76660 FM Quad. detector £1.12
723 Voitage reg. TO5 metal case 90p
NES55 Timer 75p
709 (TOS); 741 (DIL-8) Op. amps 26p each
6+ 1.C.’s (any mix) at 20% discoynt

Nicad rechargeabile cells HP7 size £1 each
4+:90p. 10+: 856p. new, recent manutacture.

Prices include UK Post. Packing & VAT

Mail order only Sole Address:

GAREX ELECTRONICS ‘

7 NORVIC ROAD, MARSWORTH,
TRING, HERTS HP23 4LS
Cheddington (STD 0296) 668684

MORSE MADE
EASY

BY THE RHYTHM
METHOD!

if you start RIGHT you will be reading smateur
and commerciai Morse within @ month. (nor-
mel progress to be expected.)

Using scientifically prepared 3-speed records
ou gutom.ticlllvvli‘:mp(.o rec 'reiu the code
‘HYTHM without transleting. You can’t help
it. It's as easy as learning a tune. 18-W.P.M. in
4 weeks guaranteed,

The Comp Course iste of three
as weli as two instruction books. s B
12 in.L.P., an Advanced Student’s12in. L.P.
and a 7 in. E.P., all of which sre played st three
speesds.

For Complete Course send £4.95 incliuding
P.P.1. etc. loversaas surface mait £1 extrs).

THE MORSE CENTRE
Box 8, 45 Green Lane, Purley, Surrey.

| enclose £4.95 or large s.a.e. for
explanatory booklet.
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ZENER-TRANSISTOR
CIRCUITS

By F. T. Jones

A minor variation on a familiar theme

We frequently encounter the simple power supply
voltage stabilizing circuit shown in Fig. 1. A relatively
constant voltage appears across the zener diode and 1s
applied to the emitter follower, TR1. The stabilized
voltage at TR1 emitter is equal to the zener voltage

- less the base-emitter voltage drop in the transistor. If

this is a silicon device the voltage drop is around 0.6 to
0.7 volt, and we shall refer to it here as 0.65 volt.
The circuit of Fig. 1 has the advantage that most of
the supply current passes through the transistor. The
current drawn from the zener diode circuit is then the
much smaller base current required by the transistor.

AAAAA
YYVY

Unstabilized

input X

Stabilized
output

DARLINGTON PAIR

If the supply current is high, or if it is required that
the current pass device has a high gain (whereupon
current demand from the zener diode circuit is further
reduced) it is common practice to add a second tran-
sistor, TR2, to form a Darlington pair as in Fig. 2. The
base current drawn by TRI is now approximately
equal to the supply current divided by the product of
the gains of the two transistors. TR2 passes most of
the supply current and will normally be a power tran-
sistor.

The circuit offers sufficiently good wvoltage

Unstabilized
input

Stabilized
output

A 1D

Fig. 1. A simple transistor aided zener diode
voltage stabilizing circuit
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Fig. 2. A second transistor may be added if the
supply current is high
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Fig. 3. An alternative circuit incorporating two
transistors

stabilization for a number of applications, although it
may be found that the voltage drop from the base of
TR1 to the emitter of TR2 reduces noticeably at very
low supply currents. If both transistors are silicon
types the voltage drop, at normal supply currents, also
becomes rather large, being twice 0.65 volt, or 1.3
~ volts. Such a voltage drop can be an embarrassment if
it is required that the stabilized output voltage be
close to the unstabilized input voltage, since the series
resistor for the zener diode, R1, then requires a
relatively low value. Zener current may consequently
vary by an undesirably large amount for shifts in un-
stabilized input voltage.

A small but useful improvement is given by the cir-
cuit of Fig. 3, in which TR2 still passes most of the
supply current. The emitter and collector currents in
TR1 are virtually equal, and the collector current of
TR1 is the base current of TR2. As a result, the

AAAAA

> TRy

Unstabilized
input

Stabilized
output

X D

= _1- =

“emitter current of TRI is equal to the base current

required by TR2 to'maintain TR1 emitter (assuming
a silicon transistor) at 0.65 volt below the zener
voltage. Again, the current drawn from the zener
diode circuit is approximately equal to the supply
current divided by the product of the two transistor
gains, and TR2 may once more be a power device.
The circuit of Fig. 3 has the advantage that, with
silicon transistors, the stabilized voltage is only 0.65
volt, instead of 1.3 volts, lower than zener voltage. As
with Fig. 2, the voltage drop in the single base-emitter
junction of TR1 falls somewhat at very low su ply
currents, but the effect should be of a f,ower order.
The circuit of Fig. 3 can, of course, be used in a
stabilizing circuit where the u%per supply rail is
negative. For this application the polarities of the
zener diode and the two transistors are all reversec&

H.R.O. National Receiver — R. Biles, Brisbane
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cuit diagram and address of the manufacturers Mat-
suhita Electric Industrial of Japan, wanted.
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TV

FAULT FINDING
MANUAL for
405/625 LINES

H
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‘ . R
P. & P. 17p

REVISED & ENLARGED

EDITED BY J. R. DAVIES
132 pages

Over 100 illustrations, including 60 photographs
of a television screen after the appropriate faults
have been deliberately introduced.

Comprehensive Fault Finding Guide cross-
referenced to methods of fault rectification des-
cribed at greaterlength in the text.

To Data Publications Ltd.,

Please supply the 4th revised editiory of TV FAULT FINDING, Data Book No. 5
Please supply UNDERSTANDING TELEVISION, Data Book NO. 17......cciiiiiiiiiiiiiiiiiiiiinns,

| enclose cheque/crossed postal

' ,LOCK LETTERS PLEASE)

57 Maida Vale, London,

order for.........

UNDERSTANDING
TELEVISION

by
J. R. DAVIES

Over 500 pages
300 diagrams

£3.25

P. & P. 50p

N\

UNDERSTANDING TELEVISION deals with:

Principles of 405 line reception
Principles of 625 line reception
Nature of the television signal
Receivertuner units

A.F. and video amplifiers

Deflector coil assemblies
Automatic gain and contrast control
Receiver aerials

The cathode ray tube

Receiveri.f. amplifiers

Vertical and horizontal timebases
Synchronising

Power supply circuits

Colour television
COLOURTELEVISION - 80 page

comprehensive introduction to
the subject

The reader is required to have only a basic
knowledge of elementary radio principles. The
treatment is non-mathematical throughout, and
there is no necessity for any previous experience
in television whatsoever., At the same time
UNDERSTANDING TELEVISION is of equal value
to the established engineer because of the very
extensive range it covers and the factual inform-
ation it provides.

w9 1SN
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SMALL ADVERTISEMENTS

Rate: 8p per word. Minimum charge £1.00
Box No. 20p extra

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

WANTED TO PURCHASE: large and small quantities of
transistors, diodes, 1.C.s, etc. Immediate requirement for
10,000 BC109 transistors. Send samples/lists of ang sur-

lus components. Elekon Enterprises, 224a St. Paul’s
oad, Highbury Corner, London N1 2LJ. Telephone:
01-359 4224.

VINTAGE WIRELESS: For:— valves, circuits, com-
ponents, receivers, books, magazines, repairs and nostalgia
in radio 1920 to 1950, contact Tudor Rees (Vintage Ser-
vices). Send s.a.e. for newsheet or 50p for full 1976
catalogue. 64 Broad Street, Staple Hill, Bristol, BS16 5NL.
Telephone: 0272 565472.

SERVICE SHEETS for Radios/TV’s etc. 50p and s.a.e.
Catalogue 20p and s.a.e. Hamilton Radio, 47 Bohemia
Road, St. Leonards-on-Sea, Sussex.

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

ORCHARD ELECTRONICS. 1.C.’s, TTL, C/Mos, linear,
capacitors, resistors (E12), Sil./rectifiers, diodes, LED’s,
Thyristors, zeners, voltage reg. sil. sockets, bridge rec-
tifiers, potentiometers, presets, triacs, diac, plugs,
sockets, cable, Vero. Carefully selected range, excellent
despatch service. Same day turn round. S. E. for list.
Orchard Electronics, F%int House, High Street,
Wallingford, Oxon. Telephone: 0491-35529.

METAL BOXES/INSTRUMENT CASES. Range of over
100 standard sizes with punched holes to your specifica-
tion if required. B.M.S. cut to size. Components. Audio
equipment, kits and complete. 2 x Gl‘ip stamps for lists.
Nottingham Audio Services, 13/15 Foxhall Road, Not-
tingham, NG7 6NA. 0

VACUUM FORMING MACHINES. Mfg. to retail at
£30+. My price £12.50 plus 75p post & packing. S.A.E. for
&z}articulars‘ Wm. Bonner, 10 Quandon House, Sutton

ay, London W.10.

VALVES, RADIO, TV, TransmittingI: Industrial. 1930 to
1976. 2,500 types. Many obsolete. List 20p. S.A.E. for
quotation. We wish to buy all types of new and boxed
valves. Wholesalers, dealers, etc., stocks purchased. Cox
Radio (Sussex) Ltd., The Parade, East Wittering, Sussex.
Telephone: West Wittering 2023.

FOR SALE: Capacitors, 4mfd, 2000V d.c. wkg., %2; 4mfd,
1000V d.c. wkg., £1.50; 8mfd, 600V d.c. wkg., :1; 5mfd,
3000V d.c. wkg., £1; 0.25mfd, 1200V d.c. wkg., 50p;
0.1mfd, 1000V d.c. wkg., 35p. Valves: 801, 50p; CV345,
25p; 6B4G, 25p; HP4106, 25p; PM2DX, 15p; VR91,
20p; Woden Mic. Trans., M.T.101, £1. Rotary con-
verter, A.M. 10KB/21, 12V d.c., 3.9 amps in, 480V d.c.,
0.04 amps out, £1 plus postage. Heavy duty Tannoy hand
microphone, £3. Box. No. G299.

(Continued on page 708)
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PRECISION
POLYCARBONATE CAPACITORS
ALL HIGH STABILITY - EXTREMELY LOW LEAKAGE
440V AC (+-10%) 63VDC Range +-1% +-2% +-5%
1 pF ") e 0.47uF 3

0 " x 8p
O.ZEuF i1

"x§") 86p 1.0pF £1.56 91 80p
0.25uF 13”x§") 92p 2.2uF £198 £1.3 75
0.47pF 113"x3*) £1.10 4.7yF €282 £1.88 £1.2
O'ZB'F 113"x§") £1.18 6.8uF €348 £232 €1.47
0.68uF (2%x3")  £1.25 10.0pF £4.98 £3.32 £2.01
1.0pF 2"x34 £1.37 15.0pF £7.14 £476 £2.88
20uF 27x{7) £1.95 22.0pF £9.66 £6.44 £3.90

*TANTALUM BEAD CAPACITORS - Values available: 0.1, 0.22,
0.47,1.0, 2.2, 4.7, 6.8uF at 15V/25V or 35V; 10.0pF at 16V/20V or 25V;
22.0pF at 6V/10V or 16V; 33.0uF ac 6V or 10V; 47.0uF ac 3V or 6V;
100.0puF at 3V. ALL AT 12p EACH: 10 for €1.10; 50 for £6.00.

TRANSISTORS:

BC107/8/9 9p °BC183/183L 1ip <BF194 12p BFY51 20p
«BC114 12p °BC184/184L 12p *BF196 13p BFY52 120p
«BC147/8/9 10p- *BC212/212L 12p <BF197 13p OC71  20p
*BC157/8/9 12p °BCS547 12p AF178 40p 2N3055 50p

«BC182/182L 11p * BC558A 12p BFY50 20p °2N3702/41tp
1N914 6p; 8 for 45p; 18 for 90p. 1N916 8p; 6 for 45p; 14 for 90p.
1544 5p; 11 for 59p; 26 for £1.00 IN4148 5p; 6 for 27p; 12 for 48p.
LOW PRICE ZENER DIODES: 400mW; Tol. 4-5% at 5SmA. 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 Tp each; 5 for 33p; 10 for 65p. SPECIAL: 100 Zeners for £6.00.

I"RESISTORS: High stability low noise carbon film 5%, 3 W at 40°C;
$W at 70°C. E12 series only — from 2.20) to 2.2MQ ALLAT 1p EACH; 8p
or 10 of any one value; 70p for 100 of any one value. SPECIAL PACK:
10 of each value 2.20 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: 2§ Amp. 200V — 40p; 350V ~ 45p; 600V - 55p,
SUBMINIATURE VERTICAL PRESETS - 0.1W only: ALL AT 5p
each: 5002, 10002, 22002, 4700, 680Q 1K, 2.2K, 4.7K, 6.8K, 10K, 15K, 22K,
47K, 100K, 220K. 680K, 1M, 2.5M,"& 5M.

PLEASE ADD 8% VAT TQ ALL ITEMS EXCEPT THOSE MARKED
WITH * WHICH ARE 12{%. PLEASE ADD 20p POST AND
PACKING ON ALL ORDERS.

Send S.A.E. for lists of additional ex-stock items. Wholesale price lists

ADD COST OF SEA/AIR MAIL.

MARCO TRADING

Dept. P1, The Old School. Edstaston, WEM, Salop. Tel: WHIXALL {Salop)
464/5 (STD 094872} (Props: Minicost Trading Ltd.).

available to bona-tide companies. ALL EXPORT ORDERS PLEASE |

L an
MULLARD FERRITE CORES — LA3 100 to 500 kHz,
54p, LA5 30 to 100 kHz, 81p; LA7 == 10 kHz, 81p;
LA13 for W.W. Oscilloscope, £1.50.

SPECIAL OFFER — Metallised Polyester Capacitors by Erie,
Mullard, etc. Values include: .01/160V, '01/550V,
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.

IN4148 SWITCHING DIODES, 10 for 30p; 50 for £1.26;
100 for £1.50; 1,000 for £10.00

TRANSISTORS - All branded BC147, BC148 BC149
BC157, BC158, BC159. BF194, BF195, BF196, BF197,
8p each or 100 for £6.00.
Please note ell prices include UK Postage and
eppropriate VAT @ 8% or 124%
MAIL ORDER ONLY
XEROZA RADIO
1 EAST STREET, BISHOP'S TAWTON, DEVON
- i

TAPETALK 71He cLEVER WaY TO LEARN
TWO C60 CASSETTES ENTITLED
‘INTRODUCING TRANSISTORS"

will be sent to you by return of post for only
£5.44 plus 55p. VAT/P.Pkg.

TAPETALK, P.O. BOX 99 (C),
MILTON KEYNES MK3 5BR.
Tel: Milton Keynes (0908) 77710
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SMALL ADVERTISEMENTS
(Continued from page 707)

TREASURE HUNTERS!
metal detector giving £300 performance. 10 pages,
lustrated plans, £1. C. H. Lucas, 241 Upminster Road
South, Rainham, Essex.

THE RADIO AMATEUR INVALID & BEDFAST
CLUB is a well established Society providing facilities for
the physically handicaped to enjoy the hobby of Amateur
Radio. Please become a supporter of this worthy cause.
Details from the Hon. Secretary, Mrs. Rita Shepf‘;erd, 59
Paintain Road, Loughborough, Leics., LE11 3LZ.

Construct, inexpensivel{,
1

WANTED: I?CR.B receiver, working condition or not, but
coils and dial glass in good order. Box No. G309.

160 COMPONENTS. Semiconductors, capacitors, pots,
etc. New, used, surplus. 85p inclusive. Rix, 76 Ber Street,
Norwich, Norfolk.

P.S.U.'S. A.P.T. FULLY STABILIZED: Consist of
8 0C28’s, on 4 heat sinks, 20V @ 10A and 10V @ 10A.
£14.00 each. In v.g.c. and working. Price includes V.A.T.
and postage. Can be varied + and —10%V. Send s.a.e. for
latest semiconductor and component price list, to: Mr. ‘Q’,
29 Lawford Crescent, Yateley, Camberley, Surrey.
Telephone: 0252 871048.

NINE 7-SEGMENT DISPLAYS £1.50. Ex-equipment.
In arrays of nine. Tested O.K. Pin & test data included.
Also part working arrays £1.00. Mr. Bobker, Box No.
G310. -

AS USED BY NASA & DEEP SEA RESEARCH. As
seen on “Tomorrow’s World”. Connect to I.F. strip or
audio unit only. LF. Unit £56.70. Audio Unit £42.40.
Details s.a.e. M.Fi., 4 Sttensham Hill, Moseley, Bir-
mingham 13,

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

FOR SALE: 25 BC107/8/9 type transistors 50p. 100 un-
marked BZY88 50p. 25 unmarked 2W zeners 50p. Switch
cleaner 50p. Mimature deaf-aid amplifiers £1.00. 100
Mullard C280 capacitors 50p. 100 high wattage resistors
50p. Unit for operating 1-20W fluorescent tube from 24V
d.c. £5.00; for 2.-30W tubes £7.50. U.S.A.F. navigation
charts 75p. 10 mixed crystals 50p. Recording ammeter
£17.50. Box No. G311.

WANTED: Buy or loan copy, circuits calibrator Xtal 10,
Heathkit TX MT-1, RX 1{1{1 G3FCK Qthr. Telephone:
Newbury 40750.

RADIO — LEARN FROM THE BEGINNING. 16 vin-
tage circuit diagrams, receivers and transmitters with
é)ﬁtes, £1.00. J. M. Allister, 58 Wavell Road, Maidenhead,

6 5AD.

(Continued on page 709)
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SMALL ADVERTISEMENTS
(Continued from page 708)

FOR SALE: Frequency meter TS174 (similar to BC221) 20-
280 Mc/s, mains psu, £25. Absorption wavemeters, Mar-
coni TF975, 95kHz/100MHz, £25. STC, R502, 100kHz-
48MHz, £20. Signal generators, Marconi TF1446,
85kHz/25MHz, £20. TF801 A/1, 10-300MHz, £30. TF897,
15kHz/35MHz, £40. Advance B4 90kHz/25MHz, £20.
Cossor 1049, Mk 3 DB scope, £25. Telequipment 620 scope
£30. Metrovick miniscope £20. Avo 7 £14. Avo 8 £20. All in
working order. Most have handbooks. S.A.E. enquiries.
Carriage extra. Box No. G312.

ELECTRONICS EXPORTER in California will purchase
anything desired against Letter of Credit or draft. Also
seeking rep. willing to handle electronic kits from calcula-
tors to computers through mail order. Poltronics, One
First Street, Los Altos, California 94022, U.S.A.

WANTED: CW and/or SSB transmitter and exciter unit,
with about 10 watts r.f. output on 28MHz. Suitable for
drawing OSCAR transverter. VFO or xtal. G2UK, 21
R}())many Road, Oulton Broad, Lowestoft, Suffolk, NR32
3PJ.

FOR SALE: Single copies Radio Constructor June 1955 to
October 1955 and complete set from Volume 9 No. 6,
January 1956 onward. Also Testgear Acton valved signal

_ generator, little used. Offers to Box No. G313.

WANTED: Test cards for :Mullard high speed valve tester,
numbers above 300. Styles, 4 Whitley Court, Whitley,
Coventry, CV3 4AH.

START YOUR OWN MAIL ORDER BUSINESS from
home. Booklet contains full details of trade sources in the
Far East and guide to importing. Price: 87 pence. Black
Bird Publications, 51 Sunningdale Drive, Daventry,
Northants.

WANTED: Van Der Graaf generator. Telephone: 01-863
8604.

"PUBLICATIONS & RECEIVERS WANTED on

microwaves, radar, radiation counters. Also publications
for sale on these subjects. Hughes, 11 Henley Road,
Ludlow, Salop.

AUTOMATIC ELECTRONIC NIGHT SWITCHES.
Mains operation. Operates dusk, releases dawn. Kit or
assembled. Further details; telephone 0483-35592 or s.a.e.
to J. L. Chambers, 4 Birch Circle, Farncombe, Godalming,
Surrey, GU7 3NR.

POSTAL ADVERTISING? This is the Holborn Service.
Mailing lists, addressing, enclosing, wrapping, facsimile
letters, automatic typing, copy service, campaign planning,
design and artwork, printing and stationery. Please ask for
price list. - The Holborn Direct Mail Comﬁany Capacity
House, 2-6 Rothsay Street, Tower Bridge Road, London,
S.E.1. Telephone: 01-407 6444.

FOR SALE: Regulated d.c. power supply instrument type
802 by AT YU Electronics Corp. Ltd. Is new. £16, plus
postage. Telephone: 0785-58831.

{Continued on page 711)
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ELECTROVALUE

the good components service

with a still more up-to-date catalogue

In relatively few years, Electrovalue has risen to a position of
pre-eminence as mail-order (and industrial) suppliers of
semi-conductors, components, accessories, etc. There are
wide ranges and large stocks to choose from as well as
many worthwhile advantages to enjoy when you order from
Electrovalue

CATALOGUE 8 ISSUE 2

Second printing now ready, revised and up-dated on prices, etc
144 pages New items. Opto-electronics. Diagrams of components,
applications, 1.C. circuits, etc. Post free 40p, including voucher for
40p for spending on order over £5 list value

DISCOUNTS

On ail cw.g. mﬁnl orders, except for some i(omslmarkod NETT
on orders list value on orders list vel
5% ElOO(moreV N 10% Elsov:nowv ue
FREE POST & PACKING

On all C W.0. mail orders in U.K. over £2 list value. If under. add 15p
handling charge

PRICE STABILIZATION POLICY

Prices are held and then reviewed over minimum periods of 3 months
next review gue Juiy 1st

QUALITY GUARANTEE

On everything in our Catalogue — No manufacturer’s rejects. seconds
or sub standards merchandise

ELECTROVALUE LTD

All communications to: Section 8/8 28, ST. JUDE'S ROAD. ENGLEFIELD
GREEN. EGHAM. SURREY TW20 OHB. Telephone Egham 3603, Telex

284475, Shop hours 9-5 30 daily. 9-1 pm Sats

NORTHERN BRANCH: 680. Burnage Lane, Bumags, Manchester M19
1NA. Telephone (061} 432 4945, Shop hours Daily 9-5 30 pm_9-1 pm Sats

amateur.
Learn how to become a radio-

amateur in contact with the whole
world. We give skilled preparation
tor the G.P.O, licence,

»
o W
L L T 1 3 1 1 J L L 1 1 1 1°.]9.%|

Brochure, without obligation to HEB 66. ]

BRITISH NATIONAL RADIO [ ]

& ELECTRONICS SCHOOL, Dept [ ]

P Q.Box 156, Jersey, Channei Isiands. =

NAME . [ |

[ |

ADDRESS R 1

“" (Block caps plnse)J
- S e O D S G A I G G 6B O B 6D 6N a5 @5 65 66 . e
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TWIN BANK ; LIGHT

{less tamps) ENGTH

44 1atinches UNIT
X

meg

mem £ | a3 @3 €955
S | fins £1035
Sound toLight .,
MASTER UNTT <% | TYPE A3 so07
: cHANNEL | (less lamp;
B0 O g%!! 9? w@

¢ ZVTPUT ALycs Awp
MANS NOUT SockeT

rvp[ B 3 BANKUNIT

(Less Lamps)

£2pp
TWIN BAN%
i i’iﬁﬁ

é Length

% (Iess lamps)

meg £6 90 l Fitting & £7 26

100 WATT SPOT LAMPS
RED, YELLOW.GREEN

Warmum
3 lamps

BLUE,
cienn B R
el . megils sn meg£]7 nn
CUPRICESINCLUDE VAT and ACKING]
EaELcm St te e Lot ogeas o) end 20p for illustrated leaflet & price lis
4 - NEER 0 »
L () R
B U U

ELELTRONIKIT

BUILD, DISMANTLE AND REBUILD
OVER 100 DIFFERENT PROJECTS
AND DESIGN YOUR OWN
CIRCUITS TOO

Radio Receivers & Transmitters, Telephone Ampl:f:ers,
Time Buzzers, Battery Checkers, Computer Circuits,
Amplifiers, Directional Transmitters, Metal Detectors,
Continuity Testers, Electronic Birds, Guns, Metronomes,
sirens. Roulette, etc, etc. ALL IN ONE KIT

. educational kits of exceptional
quality’”  (AUDIO mag)

worthwhiie good value for
money’’ (EVERYDAY ELECTRONICS mag)

uded with each kit. No
:quired. Suitable for beginners

Educational manuals
previous experience
and experts too

100 project kit £19.60
45 project kit £15.60
25 project kit £12.10

Prices include Manuais, Batteries, \' \T and p&p
#  Cheque/PO {or 11p for illustrated literature) to DEPT. REC.

(Add-on kits

available too)

Satis?action guaranteed.
ELECTRONI-KIT LTD, 408 St.John's Street,
: London, EC1.(01-278 4579
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PLAIN-BACKED

NEW STYLE
SELF-BINDERS

for your other magazines

(max. format 7{" x 94")

“CORDEX"
keep your

The
Case will

Patent Self-Binding
copies in  mint
condition. lIssues can be inserted or
removed with the greatest of ease.
Specially constructed Binding cords are
made from Super Linen of great strength,
very hard twisted and twice doubled.
They are attached to strong RUSTLESS
Springs under tension, and the method
adopted ensures PERMANENT RESILI-
ENCE of the Cords. Any slack that may
develop is immediately compensated for,
and the Cords will always remain taut
and strong. It is impossible to over-
stretch the springs, as a safety check
device is fitted to each.

COLOURS: MAROON OR GREEN

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

PRICE 9 5p -

Available only from:—

Data Publications Ltd.
b7 Maida Vale London W9 1SN
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SMALL ADVERTISEMENTS
(Continued from page 709)

STEREO JACK PLUGS (Standard) desoldered from new
equipment. 60p for 5 (including P. & P.). S. F. Downe, 5
Powderham Road, Exeter, Devon, EX2 9BS.

FREQUENCY LIST TRANSFERS. We have a limited
supply of sheets of Dial Frequency Transfers in black.
Short Wave frequencies 1.8Mc/s to 32Mc/s and 144Mc/s
and 146Mc/s. Includes amateur band marker frequencies
at 100kc/s points and other short wave frequencies from 2
to 32 Mc/s at every 500Kc/s points. Each frequency is
repeated. 'I'wo sheets for 5p., five sheets for_lOp..dpost_a e
GENData Publications Ltd., 57 Maida Vale, London, Vgg
1 .

% PERSONAL

JANE SCOTT KFOR GENUINE FRIENDS. Introduc-
tions to opposite sex with sincerity and thoughtfulness.
Details free. Stamp to: Jane Scott, 3/Con North St.

@Quadrant, Brighton, Sussex, BN1 3GJ.

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

MEET PEOPLE who enjoy doing your kind of thing. Dates
in all areas, selected by computer. All ages, interests and
E{ersonality types. Write: SIM (Dept. 936), Braemar

ouse, Queens Road, Reading.

ESSEX GARDENERS. Buy your Bedding and rock

slants, shrubs, etc., also cacti from May’s Nurseries, 608

ayleigh Road, Hutton, Brentwood, Essex. Callers only.
Monday to Saturday.

DISABLED YOUNG MAN looking for electronic wiring
assembly (outwork) for assembly in his home workshop.
Box No. G307.

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

Technology
spoken here:

New this month are 520 MHz divide-by-ten ICs, the 11C90 at £14.00; a new
extruded alumintum heatsink for the TDA2020 for 70p. when purchased
with the IC, and a new series of cases, especially concewved for our range of
tuner modules, for AM, FM, and now TV sound “off-arr’".

5600 Vanicap Mostit with 4 Ty AF (s 1000 Radio/MPX and linear 1Cs
EC3302 Vancap FET B poly man Tunwei el 500 CA3J089E 194
7252 Top quality tunerset VHF 10 auihie CAJCO0AQ 1 1%
Varican woed will 3 meten outpats 2a 00 MC1310P 220
7253 Tunwrser with Duds i St Cecous o MC1350P 070
Vancop tuned 2400 SNT6660N 075

Edigewise lluminated meters 35uA TBAbS 1 181
353 14mm as used waih Larshon uA /20PC 140
7262 7253 TBABIDAS )09
9001 Freauency scaie 88 10H 750 1CA940E 180
9002  Swgnal strengin scaie 010 250 1Pacen for heatsnks whe o
8007  Tuming metes scae 3 0 3 250 frarchaser weth 1Cs 14 cact
ABA?  Mui turi vacd s contenl Gor 401 1004 0 45 #10,9401
TV SOUND SYSTEM TDA2020 299
7700 Offan UHF TV st cece ver NESH0 250
Varcan tunea with ate o NESGT 750
muting and sound et VIAMM 2L 00 NESLD 250
7701 Chassis anif calunet 101 alve NESES 250
favariable Macch 1976 750 NES50 080
5700  UMF TV varc s turie thiait 550
5770 Tunerhpact + 4 way e sebecion 860 Tako filters for
BO11 6 s1ation elecironiC stanon selecton AM/FM/TVIMPX
IOrarBoIating a muting outhur AFC MEHATT 165
lock and scan toning Bu it 1499 CET470L 055
8005 A kit 0f accessores for the 125213 SFE6.0MA 0 BO
tunedser 10 provide power staln iy P50 nao
MPX (ater dutl ducho gasn meter (v 499 GBR3137 225
R ’ 1
Special Offer Packs R K
€07448 6 x 74aB + 6 « Dl 704 1000
SU7001 CT7001 + € 2 DL 04 + Sockrs 12 500 OTHER AM/FM COILS
SOFM  KBAatO + KB440? » 586 » 7BA220K 300 IN QUR LISTS
Logic Send an SAE for a tree price and stock hst - which has been
11C90  14.00 revised extensively dunng March There 13 a new Larshoit
Vanicap Diodes Signalmaster FM tuner and a companion 25+25W audio
MVAM 275 amphifier kit, as well as further details on our broad range
g:f:)"; 2 6%’ of specialist wireless and audio products
BAIZI 030 PP 22p per order, VAT 1a genersily st 124% and the min
MV104 045 CWO charge s £1 Min. invoice £7 50, Catalogue 40p

(* 8% VAT

[ ]
Clmbl'l' INTERNATIONAL

25 High Street. Brentwood, Essex. CM14 4RG. Tel: 216029; Tix: 995194,

4 This Month’s Special 0ff§r:
TAPETALK TWIS C60 Cassettes entitled
The INTRODUCING ELECTRONICS
C LEVE R will be sent 1o you by return of post for only
way £5.44 plus 55p VAT.P Pkg.
to TAPETALK, P.O. Box 99 (C)
LEARN Milton Keynes MK3 5BR
- Tel: Milton Keynes (0908) 77710
JUNE 1976

This 44-page '\"

FREE book
shows how |

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

This helpful guide to success should be read
gzcvc?y ar:'\‘bmmm ineer.

nd for thia helpful 44- FREE
course. There are no books to buy and you  now. No obliﬁdon and nfﬁy zll c-m:
can pay-as-you-learn. vou. It couid be the best thing you ever did.

"P™= mm m CUT OUT THIS COUPON™ mmn mms mm
= CNOOSE A BRAND NEW FUTURE HERE!

Do you want promotion, a better job, higher
pay.;’ “New Opportunities” shows you how to
get them through our low-cost home study

Oh Tick o7 stale subject of interest. Post (o the address below. I
- Elertrann Transiator
- | Engineering - Technology 8]
Build As You o Y (3 (UL
T = amputer SUILDS
(IR Electronics Instailatons and
RADIO AXTH Garpin Doy I
ELECTRONICS Programming €Iy & Gunos
(with kit Colour TV lectrical
Electal Serviang Lesiones () l
Enginecring _ C & G Radio, TV CITY & GUILDS
Elea te al und Elecuonic Telecommumications 1
Installations Mechanu s Radio Amuteurs’ I
U Genernd Rudio Exomictcler =)
Lecres T S
s . S GCF %0
| it Foginecring & A" LEVELS
Eloo Radio Servicig
] («lmml Maintenance Coaching for many
Muathomatics and Repatrs o major examinations
To ALDERMASTON COLLEGE, Dept. ERE 18, READING RG7 4PF|
I,

Also at our London Advisory Dffice, 4 Fore Street i ERE 18
Avenue. Maoorgate, London, EC2Y 5EJ Tel: 01-528 2721

NAME (Bloch Caprtala Plesse), | . L . . L ... .t ic it i i '
ADDRESS T -4
.POSTCODE .. = '
Diner subrects -+ - - - < - S PY-L-trd
Accredited by C.A.CC Memibar of A.8.C.C.

'HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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RADIO & ELECTRONICS CONSTRUCTOR

Single Copies
Price 35p each, postage 11p
Issue(s) required ............cooiiiiiii

Annual Subscription

Price £56.00, post free, commence with................................... issue
Bound Volumes:

Vol. 25. August 1971 to July 1972. Price £2.00, post & pkg 65p

Vol. 27. August 1973 to July 1974 Price £2.40, post & pkg 65p

Vol. 28. August 1974 to July 1975 Price £2.75, post & pkg 65p

CORDEX SELF-BINDERS

With title, 'RADIO & ELECTRONICS CONSTRUCTOR' on spine,

maroon only Price £1.00, post & pkg 25p
With no title on spine, maroon Price 95p, post & pkg 25p
With no title on spine, green Price 95p, post & pkg 25p

! Prices include V.A.T.

DATA BOOK SERIES

DB5 TV Fault Finding, 132 pages Price 90p, P. & P. 17p
DB6 Radio Amateur Operator’'s Handbook,

88 pages Price 70p, P. & P. 12p
DB17 Understanding Television, 504 pages Price £3.25, P. & P. 50p
DB18 Audio Amplifiers, 124 pages Price 53p, P. & P. 14p
DB19 Simple Short Wave Receivers

140 pages Price 80p, P. & P. 17p
STRIP-FIX PLASTIC PANEL SIGNS
Set 3: Wording — White Price 75p, P. & P. 7p
Set 4: Wording — Black Price 50p, P. & P. 7p
Set 5: Dials Price 38p, P. & P. 7p

Prices include V.A.T. on Panel Signs
| enclose Postal Order/Cheque for............ in payment for .............coiiiii
’ NV itk B sccStao o e Ay O o BT 3 Mo oo i A A s = eimpommpe e
ADDRESS i,

......................................................................................................... (BLOCK LE"TERS PLEASE)

Postal Orders should be crossed and made payable to Data Publications Ltd.
Overseas customers please pay by International Money Order.
All publications are obtainable through your local bookseller

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

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS
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SPECIAL
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1,000 copies of this brand new book are now in our warehouse and available
at a special low price to readers of Radio & Electronics Constructor.

Paperback Hardcover

(Published Price £3.35) (Published Price £7.95)
£2.65 (save 70p) £6.50 (save £1.45)
Both prices include postage and packing.

GEORGE 8. CLAYTON

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

FROM THE AUTHOR .
". .. the guickest way to learn about operational amplifiers is actually to use
them in working circuits. It does not matter very much if a wrong connection
is made in the experimental circuits, the operational amplifier type suggested
for use in this book will tolerate quite a few mistakes and even if you destroy
it it should not break you. If resistor values suggested in the circuits are not
at hand try other values, electronic systems will work (in a fashion) with
a considerable range of component values.
CONTENTS
1 Basic Operational Amplifier Ideas
2 Basic Operational Amplifier Applications
3 Operational Amplifier Circuits with a Non-linear Response
4 Some Signal Processing and Measurement Applications
5 Operational Amplifiers used in Switching and Timing Applications
6 Operational Amplifiers used for Signal Generation
Appendix Operational Amplifier Performance Errors

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

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

| enclose Postal Order/Cheque for £
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