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Bring ‘scope’to your interest.

I ‘There's only one way

o fo master electronics..
to see what is going

L on and learn by doing’

This new style course will enable anyone to
have a real understanding of electronics by a
~|s RANGE .
2 3
Tje Fing

modern, practical and visual method. No
0 @

previous knowledge is required, no maths, and
WIDTH

X SHIFTY

an absolute minimum of theory.

You learn the practical way in easy steps
mastering all the essentials of your hobby or to
further your career in electronics or as a self-
employed electronics engineer.

All the training can be carried out in the
comfort of your own home and at your own
pace. A tutor is available to whom you can
write, at any time, for advice or help during
your work. A Certificate is given at the end of
every course.
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'| Bulld an oscilloscope. 2Reod,druw and Carry out over 40
As the first stage of your training, you
It s o el understand circuit experiments on basic
oscilloscope! This is no toy, but a test
instrument that you will need not only dlugums' c"cu"s'
for the course’s practical experiments, but in a short time you will be able to We show you how to conduct
also later if you decide to develop your read and draw cfrcuit diagrams, under- experiments on a wide variety of different
knowledge and enter the profession. [t stand the very fundamentals of television, circuits and turn the information gained
remains your property and represents a radio, computors and countless other into a working k nowliedge of testing,
very large saving over buying a similar electronic devices and their servicing servicing and maintaining all types of
piece of essential equipment. procedures electronic equipment, radio, t.v. etc.

¥ _x K K N ¥ I B 2 _} ]
All students enrolling in our l To find out more about how to learn electronicsin a new, exciting and absorbing
courses receive a free circuit way, just clip the coupon for afree colour brochure and tull details'of enrolment.
board originating from a Write to:- British National Radio & Electronics School, I
¢omputer and containing P.O. Box 156, Jersey, Channel Islands.
many different components I I
that can be used in experi- NAME -
ments and provide an ) l
excellent example of current gADDRESS ; _
.electronic practice. l I

EEB 106
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Veroboard® Universal Wiring Boards
ey "rmu“

Plastic and Metal Verobox®

19" Card Frame/Case

Vero Products for the

HOMIEONSI

RUGH

Vero Electronics Limited, Retail Dept.,

Industrial Estate, Chandler's Ford,

Hants., SO5 3ZR

Telephone: Chandler’s Ford 2956 (STD 04215)
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Our range covers over 7,000 items.

Top 200 IC’s TTL, CMOS & Linears

CA3020A £1-435,CD4050  56p NES56 £1-30:SN7448
CA3J028A 85pCD4510 £1-54NES60 €4 -48SNT450
CA3035 £1:35CD45t1 £1-TONES65 £1 30SN7451
CA3046  73p'CD45I6 £1-54SL414A €2 ISSNT4S3
CA3048 €2 15CD4SIB £1-38,SL610C £2-3I5SNT7454
CA3052 £1:62CD4520 £1:-38SL6IIC £2-3ISSNT7460
CAJ0B9E £2-00LM30IAH 47pSL612C £2-355N7470
CA3090Q £4 28 LMIOBN £1-175L620C £3 50 SN7472
CD4000 20pLM309K £1-8B0SL621C £3 50 SN7473
CD400l  20pLM380 98p SL623C £S5 75 SNT7474
CD4002  20p LM3IBIANE2-07SL640C £4-00SNT47S
CDA4006 £1-16LM702C  75p/SN7400 16p SN7476
CD4007  20p[LM709 SN7401  16p SN7480
CD4008  97p| TO99  40pSN7402 16p SN7481
CD4009  S7p 8DIL 40p SN7403  16pSN74B2
CD4010  S57p 4DIL  40pSN7404 18pSN7483
CD40l}  20p[LM710 45pSNT405  18p SNT484
CD4012  20pLM723C  60p|SN7406 SIp SN7485
CD4013  59p[LM74IC SN7407  18p SN7486
CD4014 £1-01 TO99  38p|SN7408  18p SN7490
CD401S €101 8DIL 3Bp/SNT409  18p SNT7491
CD4016  S6p| 14DIL  40p|SN7410 16p SN7492
CD4017 €1:01|LM747CN  78p(SN7412  25p SN7493
CD401B  £)-01[LM748 SN7413  40p SN7494
CD4019 8$7p 8DIL 44p|SN7416  43p SNT49S
CD4020 £01-12) 14DIL  41p[SN7417  43pSN7496
CD4021 ¢1-01[LMI90ON S3p|SN7420  16pISNT74100
CD4022  97p/LM7805P £1 39SN7423  26p SN74107
CDA4023  20piLM7BI2P £1-395N7425 27pSN74118
CD4024  79p(LM78ISP £1-39SN7427 27pSN74(19
CD4025  20p|lLM7824P €1 -39 SNT7430 |6piSN74121t
CD4027  S6p(MCI303L £1 44SN7432 27p SN74122
CD4028  91pMCIIIOP £1-91SN7437 ISpSN74(23
CD4029 £1-17'MCI1330P 35p SN7438 35pSN7414]
CD4030  57p/MCI35IP BIpSN7440 16pSN74145
CD403)  £2-26|MC14553 £4-0T7SN7441  76p SN74150
CD4037  97p/MC1466L £3 -95SN7442  SSpiSNT41S]
CD4041  B3p/MCI469R £2-50SN7446 B6p'SNT74153
CD4049  S6p/NESSSV  48pSN7447 81pSN74154

LONDON GLASGOW PARIS AND BRISTOL

Get'a greatdeal from.
arshalls

The largest salection in Britain

IT'S OUR SERVICE THAT MAKES US GROW

A. Marshall (London) Ltd Dept: EE

& 85 West Regent St Glasgow G2 2QD Tel: 041-332 4133

& 27 Rue Danton Issy Les Moulineaux Paris 92

Call in and see us 9-5.30 Mon-Fri 9-5.00 Sat
Trade and export enquiries welcome

POPULAR SEMICONDUCTORS

2N696 25p 2N 3906 22p AF139 69p'BD1139
2IN697 16p2N4058  20p AF239 74plBFIIS
o
2NT706 12p 2N P Sp
SSPISNTALST. ook INT708 2102N4923  70pALI02  £1 SOBFI80
lepiSpAgleor L1 IN916 43p2N5245  29p|BCIO7 14p BFl81
16pISNT74161 £] 2N918 34p2N5294  35p/BCI0Y 15p BFI84
IepiShra1en gliag INI302  37p2N5296  36p(BCI47 10p BFI94
16p|SN74163 £1-20 2NI1306  45p2N5458  26p(BCI49 13p BF196
16p/SN74t64  93p Bl Inj1308  60p2NS459  29pBCIS7 12p BF197
32p|SN74165  93p BB IN 711 27p2N6027  45pBCISS 11pBF198
ZepSNIAIES IN2]102  60p3NI28 80p BC (67 12p/BF244
TonisNT A7 g IN214B  €1-653NI40  £1-00/BC168 12p BF258
Jp|SNIGTS, S IN2218A  47p3NI4I 85p BC 169 12p BF259
dopiSN7atze 058 Wl 2N2219A  s2p3N200  £2-60BCI82 11p/BFS98
36p SN74180 €1-23 B IN2220  38p 4036 45pBCISIL  14pBER3Y
45p|SN74181 £2-58 IN2221  22p40362 48p BC183 11p BFR79
i:FoNTAII0 TEE 2222 23p 40406 48pBCIBIL  14pBFX29
67p SN74191 €133 2N2369 25540407 30p'BC184 12p!BFX84
92p;5M74192 €113 2N2646 55540408 50pBCIBAL  14pBEXES
B5pSNT4193 €113 J 2N2905 37040409 $5p 8C212 14p|BFX88
A2 IIOe 18 2IN2906  28p 40410 S$pBC212L  {4p/BFYSO
29p{SNT4197 €181 2N2907  20p40411  £€2-30BC2I3L  l6pBFYSI
43p|SN74138 €2-04 B 30N2026G  13p40594 73p8C214L  19pBFYS2
68pSN74199 £2-04 IN30S3 2840595 88p BC237 14p/BRY39
43pSN7600IN IN3054  50p40636 €. 15BC239 16p/MEOA12
43p BY 2NI055  65p 40673 73p BC257 17p/ME4102
T4piSNT60IN B IN339)  29pACI26  37plBC2SY 18p M480
59 reonint) 5o [l 2N3393  15pACI27  MpBaCl0l  aspiMi4al
U TR IN3440  STpACI28  37pBC307  20pMJ490
€1 15,3N76033N 230 [ 2N42 £1:20ACI52  50pIBC30S  25pMJadi
0p|TAA201 £125 B 2N3618  16pACIS3  40pBCI27  20pMI2955
TAAJ0 267 W iN3702  17pACITE  40pBC3IE 19p/MJE37
RS LA PSPy 2N3703  1SpACISTK  40pBCY70  2SpMJE37I
Hp|TAASS0 32 B 2N3706  13pACIBEK  45pBCYT2  24p MIES2O
45p TARGICE T W 2N3708  14pADI6I  75pBDI2I  €£2-0OMIES2|
40 T AAceis €1 32 B 2N37I6 (2.60ADI62  75p|BDI2¢  £2-00,MIE29S
ToaseiB e 2 W aN3TTL €1 c0AF106 48pBDI 31 sIp|MJEI0SS
T et 180 J 2N7T3 2-65AFI09  45p/8D132  SapitPaIId
€120 T neo0 £1.19 [ 2N3789 @ -60AFIIS  63pBDI36  36pIMPSAOS
T Teasio £1-20 [l 2N38Is “2e0AFiis $3p80137  36plt1PSACS
IN3I904  2ipAFII 65p/BD} 39
€1-29\T8A820 £1:02 5 b3 o
TBA920 €179

VAT. P. & P. 30p

40-42 Cricklewood Broadway London NW23ET Tel: 01-4520161/2 Telex: 21492
& 1 Straits Parade Fishponds Bristo! BS16 2LX Tel: 0272-654201/2

Catalogue price 40p

PRICES CORRECT AT | SEPTEMBER 1976, BUT PLEASE ADD

(30p to callers)

42piMPSAS56 20p
JsprOC28 £2-00
70p OC42 50p
255 TIP29A 50p
I6p TIP3IA 62p
J6p TIP32A 75p
3Sp TIP34A £1-20
12p TIP3SA £2-50
p TIPI6A £3-35
14p TIP41A 70p
15p TIP42A 70p
I5p TIP29SS £1:00
49pTIPI0SS  SOp
49p T1S43 30p
27p ZT X300 1Sp
24p1ZTX301  15p
24p ZTXS0! 15p
36p ZTXS02 18p
38p INJI4/916 Tp
41p IN4007 i8p
32p IN4148 7
30p INS404 18p
38p IN5408 40p
36p AAILIY 14p
50p BAI02 13p
20p BA4S 19p
10p BAISS 12p
£1-05881038 20p
£1 30881048 J4p
£1-05BY 26 27p
£1-55BYZI1I 70p
£1-00BYZ12 700
68p OAAT 10p
81p OA90 6p
65p OA9I 6p
75p OA200 Bp
£1-25BY[64 $7p
75p ST2 diac 20p
45p 40669 £1:00
20pIiTIC44 29p
20p/C 106D 65p
20 |ORPI2 70p

Bl NEW FREE

Please send me
the 100 page
Tandy catalogue

TANL

Nationwide supermarket of sound! L

Wednesbury, W. Midlands WSI0 7JN.

EE9, 61

 MAGENT

electronics Itd. DE15 0ODW

Newton Leys,
Burton on Trent, Staffs.

first class post.

LEDs; DRILLS; VEROBOARD EYC.

FREE CATALOGUE

CAPTYALS PLEASL

EE2.
I Tandy Corporation { Branch UK), Bilston Road. §

L Please send 2 x 6ip stamps to cover poslage etc.

for professional components and service

COMPONENTS & HARDWARE

Applications. Inclusive prices. No minimum order. Speedy despatch by
SHEET METALS; CAPACITORS; ENAMELLED & TINNED COPPER

WIRES; RESISTORS; CABLE; ICs; TOOLS; SWITCHES: SCREWS:
CASES; DIODES; PCB SUPPLIES; TRANSISTORS; PLUGS & SOCKETS;

INCLUDES SAMPLES & TRANSISTOR TESTER DATA OFFER.

498

This catalogue—Electrovalue Catalogue No. 8 (Issue 2,
up-dated) offers items from advanced opto-electronic
components to humble (but essential) washers. Many things
listed are very difficult to obtain elsewhere. The company’s
own computer is programmed to expedite delivery and
maintain customer satisfaction. Attractive discounts are
allowed on many purchases: Access and Barclaycard orders
are accepted.

FREE POSTAGE on all C.W.0. mail orders over £2-00
list value (excl V.A.T.) in U.K. If under, add 15p handling charge.

Postal communications to Dept. EE.10

144....

POST PAID

40p

inc. refund
voucher worth
40p

28 ST. JUDES RD., ESGLEFIELD GREEN, EGHAM, SURREY
TW20 OHB. Phone Fgham 36803. Telex 284475. 8hop hcurs

$-5.30, 1pm Bata.

NORTHERN BRANCH: 680 Burnage Lane, Burnage, Manchester

M19 INA, Phone (061) 432 4845. Bhop hours $-56.30

1 pm Bata.

Everyday Electronics, October 1976

pm.




QUALITY  STEREO SOUND_
| SOLENT AUDIO SYSTEM

F AL TRt

O®®®® manm D O

Solent Mark It Stereo Tuner Amplifier chassis with AM/FM
radlo covering long medium short end Stereo FM wavebands
Separate Bass and Treble controls. 30 watts total powe:
output (frequency response 25-20,000 Mz) AFC Switching
Taperecord and playback facilities. Dimensions 184" x97x3¢
The very latest BSR automatic record deck with cue and
pause control. Two matching ellipticel speeker units.
Order early limited stocks available cash price £00-95.
Credit Sale £7-30 deposit 9 monthly payments of £8 00
(Total Credit price £79-50). P. & P. £4-00. Send £11-50
today.

Chassis only available for cash at £49-00 + p. & p.£3-00.

Full 12 months Guarantee.
CALLERS WELCOME,
Access and Barclaycard Orders Accepted by Telephone

FREE! Ssterso headoh lied with every

LEWIS TR EE 10 76 109 CHASE SIDE SOUTHOATE
- LONOON N14 6PL Telephonss: 01-382-1844

Available
NOW...

PROJECT PLANNING AND BUILDING
MORRIS A COLWELL

128 Pages 216 x 138mm
0408 00229 8 £1.99

SIMPLE CIRCUIT BUILDING
P C GRAHAM

128 Pages 216 x 138mm
0408 00230 1 £1.99

PRACTICAL ELECTRONIC PROJECT

llustrated

llustrated

BUILDING
ALAN AINSLIE & MORRIS A COLWELL
128 Pages 216 x 138mm liustrated

0408 00231 X £1.99

For details of all Newnes Technical Books please
write for a free catalogue and watch for announce-
ments in following issues of Everyday Electronics.

allg Mewnes TechnicaBooks

NEWNES-BUTTERWORTHS
Borough Green, Sevenoaks, Kent TN15 8PH

Everyday Electronics, October 1976

ENGINEERS

This 44 page

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

This easy to follow GUIDE TO

'UCCESS should be read by every

ambitious engineer. Send for this

a low<cost, Home helpful 44 pagc free book NOW!

Study Course. There are no books No obligation. nobody will call on

to buy and you can pay as you  you. j.tdcould be the best thing you
learn. ever did.

CHOOSE A BRAND NEW FUTURE HERE
}@- Bl CUT OUT THIS COUPON I BN EN

Do you want pronotion, a better
lob, higher pay? ‘“New oppor-
tunities’’ shows you how to pget
them

ELECTRICAL and AUTO and AERO MECHANICAL
ELECTRONICS Motor Mechanics [J A.M.S.E. (Mech.)[] I
t{ﬂC:iC:lk:l-di° & C. & G. Motor V. General Mech.
:lectro :

I (with KIT) Mechanics [0 Eng. a I
Electronic General Auto Inst. Engineers &

l Engineering Engineering [0 Technicians a I
Certificate a .
General Elect. Eng AM.ILM.L ) a lhadnmir::enrli:ce =

I Certificate [] Air Registration 8 8 .
C. & G. Elet. Board Certs. 0O Welding o

I installations M.A.A./L.M.]. Dip.
Elect. Install. & ()]
Work

I C. & G. Elect.

= MANAGEMENT
: and PRODUCTION

Technicians [0 CONSTRUC-
TIONAL Computer l

RADIO and Heating, Ventilating Prosramming  []
TELECOM- & Air Inst. of Cost &
MUNICATIONS Conditioning [0 Managements
Colour TV . Accts. O
Servicing a S:Chnlsctural nga
C. & G. Tel b . T
Technician's Cert.[] & Design £
g, & : Radio, L.1.O.B. L] DRAUGHTS-

SIeClronics _  Carpentry & MANSHIP and
Mech. Cert. [ q DESIGN
Radio & TV Joinery =
Engineering Plumbing General .
Course 0 Technology "] Draughtsmanship (]
Rodio. Servicing & General Building O A.M.LE.D. a
Radio Amateur's Painting & Electrical .
Exam. O Decorating O Draughtsmanship (]

G.C.E.
—58 ‘0" & ‘A’ Level Subjects
—over 10,000 Group Passes!

PO~
No);?‘

Aldermaston College

Dept. TEE 21 Reading RG? 4PF.
also at our London Advisory Office, 4 Fore Street Avenue, I

Moorgate, London EC2Y SE). Tel. 01-628 2721.

NAME (Biock Capitals)
ADDRESS

Other subjects of interest.

Accredited by C.A.C.C. Member of A.8.C.C.
HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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Texan Amplifier

featured by
PRACTICAL WIRELESS
SOLE UK. DISTRIBUTORS — HENRY'S

KIT PRICE inc. vat + £1.00 pap

Buih and tested £42.00 inc. VAT +£1.00 plip.

Build the Texan starec amplifier, thew you carnbe
doubly proud 1 For a start, you'll 0wn a superb home
entertalnment unit. And have had ail the pleasure of
doing it yourselif, with the Henry's kit.

Look at the Texan specification

Incorporating fully integreted sterec preamp and power amp,
with 6 IC's, 10 transistors, 6 rectifiers and zener diodes. Plus
stabilisied, protected circuitry, glass fib pcb ; Gardeners
tow - fisid low-line mains transformer ; all and
controls. Slim design, chassis 143" x 6° x 2° overall. 20 watts
pet channel RMS. less than 0.1% distortion at 1 kMz.

TEXAN FM
TUNER KIT
inc, VAT 4 60p plrp

Built and tested £28.50 inc. VAT

+50p plp.

Bulid the matching Texsn stereo tuner |
Features edvanced varicap tuning, Phase
fock loop . Professionatly
designed circuit. Everything you need is
in the kit. From the glass fibre pcb to the
cabinet itsell. Excellent spec: 2.5 uv
aserial sensitivity. 500 mV output
(adjustable). Tuning range 87-102

MHMz. Mains powered.

THE NATURAL FOLLOW-ON
Henry's latest

ELECTRONICS papmmmecci

CATALOGUE : =

AN up.1o_tne
Pinute game,

int
Switch on. ey S0 TV seris

* OVER 10,000
ALREADY S0LD
* |DEAL GIFT

ing at
competitive prices

FRER te Bdusational Establishments when
ordered on official hoaded notepapnr

+ 200

All mailto: Heary's Radio
303 Edgware Rd, London W2

LONDON W2:
404/6 Edgware Road. Tel: 01-402 8381
LONDON W1:
(lower sales floor) 231 Tottenham Court Road
Tel: 01-636 6681

We specialise in high spec components

YES SIR 13t class post TONIGHT!
with express service for phone customers

HIGH SPEC components FAST!
Agents for VERO - ANTEX -
BIB MULTICORE SOLDER

@ OPEN Sam-5pm, 8 days—Phone orders $am—4pm,

@ S.A.E. for stock list including pots, presets, 1.C.'s 7400 & CMOS,

[ ] itors, plugs, socket: hes, cable, etc

@ Posi free envelope included for your next order.

@ SUPER EXPRESS phone service—ask for defails.

@ Shop at keen prices & days per week. Late night—Fri. 7-10pm.

TRANSISTORS + 200 OTHER TYPES IN STOCK

AC125S 20p |BCt08 11p |BC202A 15p |BFX29 Mp |TIPHA 87p
126 20p 1008 12p 20p M -22p 42A p

20p 109C 6 2p [TIS43 3%p
128 2p 17 18p*] 301 24p an:? 17p n’:(n? 13p°*

B
153 3¥Sp 143  2p 338 10p* 52 18p 500 15p*
176 200 147A  Op* 857 Sp*|BY184  48p 802
187 2p 1478 18p*|BCYT  18p |MEOMO1 10p°|1NGI4
188 p* 72 14p 0411 18p°{1INGOO1  Sp
AD14® 68p 1488 16p°|BD123  90p |ME4001 18p°| 4002 Op

9C :|n' 131 ¥p |MPF102 32p°

MCH/PR gpe| 132 3Mp [OAT 6p | 4148 Sp
84 [ 1578 120°| 19 Mpe| %0 Sp |eN2ID
AF16 2p | 177 17p | 155 T8pe| 91 4p | 2648
17 2p | 1788 16p |BFISS  2ep°| 200 6 | 29260
120 30p | 1798 16p | 184 oca  wp | 202G
3Tp 184B 12p°* 188 28p 2 S8p 3083
AUNM3 1-50° 184L° 11p®| 194 18pc| 35 %ep | 3088
C107 1ip | 187 Mp | 196 12p°| 4 2ep [ 3702
107A 12p | 212A 13p°| 197 120%( T 289 | 3703
212l 15p°| 199 15p°|ORPI2 57p | 3704
CiLios Op | 2138 12p°| 200 38p |TIP29A 47p°| 3708
BCi088 11p | 214 15p°| 338  34p | 30A 3ep°
108C 12p | 4L 9Tp*[BFW11 Sp | 31A 57p | 3si0E mp
OIOOES _ (SRIDGES |RESISTORS 13p° each|LINEAR 1/C's

SOV 3A  13p[100V 1A 24p|§ WATY £12(S 3
100V 3A  18p[200V 1A 28p (1 ohm - 10m ohm mem!“ap'
200V 3A  18p(400V 1A  20p| ZENERS(400mw) BZX 83| NE5SS

400V 3A p 3V, 3V3, SV1, 5V6, 7VS. SN7801IND

Vi, 10V, 12V, 18V. 22V.| Snronian_  1.78°
Yo FOCLE 30V, Al ot 12p*each. '|SNTSIN 1780
S0V 1A  80p TAG 1000 |LED Til 209/8-125 8-2| TBAS0  1-38°
700V 1A 1-26 BT108 Red 2p » [TBASI0S  1.69°
WOV 4A  S8p CI08D1 |G Wp  p TBARO 1.2
500V S}A 1-28 BT100 Cilps for above 1p. ZN414 1350

Post & Packing 250 per order. VAT please add to total * 124, res1 8%

ORCHARD ELECTRONICS
FLINT HOUSE, MIGH STREET, WALLINGFORO, OXON, OX18 6DE
Telephone 0491 35529,

2 §
B on o 55 o B0 S5 R BN BN S EE BN G B BN BN NE S

SINE WAVE OSCILLATOR

oC 4 .
e

SR o 2%
MAKE THIS . * -_a/"-ﬂ-,-'.?i*
Yie™ __a

Simplity circuil design. Use S-DeC. Sockets in plastic block are connecled in
prearranged pettern. To build circuit, simply plug in components.
Afterwards, unpiug components ready to build more circuits. Use same
components again and again.

Every S-DeC comes complete with step-by-step instructions, free control
panel, and booklet with nine circuits you cen build. Sine wave oacillator,
radio receiver, binary counter, VHF radic microphone—they're all sasy with
5-DeC (900 free bookiel for circuits and inelructions)

Send cheque/P.O. now and start designing the sesy way. with S-Dec. Esch
8-DeC costs only £1-88 plus 37p post, packaging and VAT.

T L L T P Y T P L Y PR R L LR LY Y Y
]

1 Please rush me. .8-DeCs 90 that | can start designing Circuits the :
1 eesy way. | encloss s cheque/P.O. for €. ]
]

: '
1] Neme ]
4 ]
1] 1]
: Address :
. .
0 .
L] .
. .

S ccesscscsssssnsnsnssnnessansecencnccannnsnnnand

PB Electronics (Scotland) Ltd

57 High Street, Satfron Walden, Essex CB10 1AA
Telephone: Saffron 1 (0799) 22876 PE1

Everyday Electronics, October 1976




DORAM
KITS
CONTAIN
EVERYTHING
DOWNTO
THE LAST
NUT!

easy
N trres heg Iqarl;age for PNp o

[ SN2 ?nSlStor
S0 AR

i 2
~| [ germaniym, trang; er silicon or

N[ b istors -j I
MERBTERE o e faactisﬂryych%k Includes
METER f B N

Indicates whether water
is needed for plants and

>4

" TAl
‘ New 16-page brochure contains complete details of SLEASEIRAINTIBLOSKICARIECS EE8/76
kit range
i Big range of kits to interest Radio, Electronic and |

3 ) NAME
Hi-Fi enthusiasts. DORAM ELECTRONICS LTD
$; Kits sent by return-of-post. P.0.Box TRS, ADDRESS
‘ Each kit designed by spet?ialisls - only highest quality Leeds LSI2 2UF.
and reliable components included.

1 enclose 25p please wend me by return my new Doram kit

SEN D FOR YOUR NEW S - 8% V.A.T. trochure Overseas orers encept for N Ireland plesse sdd

10p for post and packing surface anly

KIT BROCHURE TODAY H-12%% V'A‘T'I CUSTOMERS WHO OROER TS KT BROCHURE TOGETHER POST CODE

only 25p inc. post and packing. AND C

An Electrocomponents Group Company
Everyday Electronics, October 1976 501



SINCLAIR ICD

IC20 10W + 10W stereo IC amplifier kit with lree
booklet and prinfed circult £4-03.

PZ20 Power supply kit for the above £3-93.

VP20 Volume, tone-control and preemp kit £7-98.

Send sae for free leaflet.

JOIZ2 AMPLIFIER
8W IC audio lmp
with {ree data and
printed circult £2-2%*

DELUXE KIT FOR JC12
Contains extra parts for the pcb and volume and tone
controls. Mono version £2-33. Stereo £4 98,

JCI2 POWER KIT
Supplies 25V 1Amp £3-35.

JCI12 PREAMP KITS
Type 1 for magnetic plclum-. mics and tuners.

ono £1-38. % . Type I !ov ceramic or
crystal Dleﬁuu Mono llp " Stereo &

JC4 AMPLIFIER
New integrated circuit 20W nm:;mov kit complete with
chip, printed circuit and dats
Send sae for free ieeflet.
'RIN‘I’ID CIRCUIT KIT £3-00°

Make your own print

SATTERY ELIMINATOR BARGAINS
STABILIZED POWER UNITS*

Millenia saries. Switched 1 to 30V in 0-1V steps.

1A output: Kit £11-4S. Kit + case £14-46, Bullt £18-40.
2A output: Kit £13-96. Kit + case £18-00. Built £20-98.

EWAY l'lClAI. £5-20

nted
dish, 100 sq ins of pc board, 1Ib ferric chioride, etch
resist pen, small dritl bit, laminate cutter.

SINCLAIR BLACK WATCH
Fully assembled

with free

bracelet £20-98°.

on 4}.0'4“

. i-WAY DOUI

RADIO -OD“ 0nn
Switched

i+7il'-:‘l|!-;|lv at 250mA. Also 15/16/24V single.
MODEL

SINCLAIR CALCULATORS"®

Cambridge % £7-38. Clmbrldro Scientific £11-43.
Onford 300 £13-38. Programmable Scientific with free
mains unit £24-95. Mains edaptors are avallable for
oll models (state model) £3-

cBM CALCULATOR"

706MD 8 dlol!l"lmmory N/A. mo & dlpi ,“
function memory £7-80. SRTHED § digit ov I

momo tri Iloolpll owou l|| 08, SR1
Send sae for free éafiet. 'V‘ ‘) ""SRAISOR (R) £42-98. (R) ""
. Mains s for other modeis £3:2¢,

.-DIC. AND T-DlC.'

$-DeC £2-24 T-DeC £4-05
u-DeCA £4-48 u-DeCB 2788

IC carriers:—

18 dil: pinin £1-07

with socket £2-21

10TO8: plain #9p, with socket £1-95

FERRANT! ZN414
IC radio chip £1- 44, Extra parts and pcb for radio £3-65.
Casa %0p. Send sae for free dats.

SINCLAIR 'ROJIC‘I’ ﬂ AUDIO MODULES

FM tuner £13-28. Q18 PZ3 £4-98. PZ$ £8-78.
PZ8 N/A. Trans for Pll u 00, Z40 £8°75. Stereo 30
£11-98. Project 8080 £18:98. Quad decoder £14-98.

BlI-PAK AUDIO MODULES

8450 Tuner £10-95. ALSO £4-33. PA100 £13-45. MKE0

audio kit £27-20. Teek 80 £0-95. Stereo 30 £15-93,
TC30 £4-80. AL290 £18-18. Send sae for {ree dats.

SAXON IN'I’IR‘I’AINIIN‘I’. AUDIO IODULI.
SA1208 £18- 00, SA w £13-30. SA008 £11-95. SA004
£10-20. Pmmn 45. PM1208/8 l“ I PM1202/4
‘“ »”. PM1201/4 ¢1| PMO01/6 £0-08. PM3I01/8
£0°79. Send sae for hn leaflet.

uovuc CALCULATORS
mulguu 30, 838 8 digit/ %/8q. root/const/4 function
£7-60. 4528 10 digit programmable ulonﬂﬁc
(n)us . mona 29. 4513 (R) 68, 4520(R) £23 -85
(‘R‘) ger. Mains ad

s for other

MISTRAL | 24HR DIGITAL CLOCK KITS®

Includes pcb, power supply, e-u J display, chip and
all parts. Kit £10-98. Bulli £ Also Mistral 2,
deluxe assembled version wl!h atarm and tilt sleep-
over facllity £13-98.

:ATI‘?NAL MAIMH OIGITAL CLOCK

Complete module Inclurlna $” display and clock chlp
fully assembled pcb. Just add a power
supply. lwl'chu otc to pvoduco a 24hr clock with
alarm and auto-dim. N'A

SEND SAE FOR OUR DIGITAL CLOCK LEAFLET

3WAY

d output of §/74/0V at 250mA with l-wny
multi-jack plug and free matching socket £2-95°.
RADIO MODELS
50mA wmn.pnn-ﬂud batte:

connectors. OV £3-28.
6V 23-48. 940V £4-95, 6+0
£3-08.

£4-95. 41 +4}V £4-95,
Also 9V 300mA

CASSITTE MAINS UNITS

a\l.output with 8 pin DIN plug. S0mA £3-46. 300mA

CAR CONVERTORS
Input 12V DC. Output §/74/0V DC 1A reguiated 24 73°,

BATTERY ELIMINATOR KITS
Send no lov ree loefiet on range.
|umA io types with press-stud battery ferminals.
V" 5.6V £1-85. OV £1-95. 4}V + 4}V £2-00, 8V +
£2-85, OV 48V £2-00.
|~mA cassette !ypo with 8 pin DIN plug. 7}V £1-98
slstor stabilized 3.-w t{po Cov low hum.
8I4i'0l7il§l|!l| S8V, "nmAg -1 .
Huv duty 13-wi pes 4 nnmmmmmmm;
ulﬂl V. 1 Amp “o? ’t p Model £6-98.
Convertor kit Input 12V DC Output OI‘I’IOV
DC 1A regulated £1-95.

IAIN. TRANSFORMERS

8-0-8v M “p 9-0-0V 100mA 98p. 18V 1A £1-
0/12/15/20/24/%0V 1A £3-00. I!-O-IRV |NmA 2
£

onmammmv 2A £4-95. 20V 2}A 22

8-0-8V 1}A £2-18. 9-0-8V 1A £2-48. W-O-I!V 1A
15-0-15V 1A £2-08. 30-0-30V 1A £3:00.8-3V 13A 21
0-24V twice 100mA £1-88.

SWANLEY ELECTRONICS

Dept. EE, PO BOX 68,
SWANLEY, KENT.

Post 30p on ordau under l!. otherwise free. Prices
Include VAT, s deduct 7% on
items marked '. otherwise 11%). Official orders
welcome,

VAT INCLUSIVE 'ROCIS—IO

EXTRAS TO PAY, JUST ADD
POST, over

VEROSOARD

100 sq ins asstd size oﬂcun (no tlny

bits). All 0-1 or mixed £1:20.

34" 2 0°1 shests £1-00.

CAPACITORS

GREENWELD

443 Millbrook Road Southampton
S0O1 OHX Tek(0703) 772501

OPEN ¢ DAYS A WEEK, 0 to §. Callers Welcome.

44 Page lliustrated Cauloruc only
19p + luo. SAE. FREE

DOODI' & LED's
1N4001, 2 3p; 1

with orders

Mlnlnluu ceramic piate, 50V 5¥%.
MDF uoono 0.7uF0p

Pol npuno. 24%. F o
Mnfdom $p:

:::Iyglltv 250V Mulll C280 0
u

all lp. 100uF 28 7p 100uF

V 9p; 220uF 18V Tp; 220uF 28V 8p;
220uF S0V 11p; 4T0uF 18V Op; 4TOUF
RSV 11p; 470uF 63V 18p; 1000uF 18V
1 |MUF 25V 18p; 1000uF 50V 32p:

F 18V 20p: 2200uF 28V 27p,
2000uF 40V 48p; 4700uF 18V 43p.

All  are wire
mounting types.

TRANSISTORS AND IC's
AC12T 15p BD13
AC128 18p BD132 40p 2N2048 42p
ACi176 10p BD138 #p

2N2926G
AC187 10p BD13% Mp 12p
ACi188 2: BD140 48p 2N30S3 18p

ended  horizonts!

BC109 _10p | BFY!

scwocup amn

BC182 12p BFYS2 18p 2N3703 10p

BC183 12p TIP41A 80p 2N3704 19p

BC184 12p TIP42A 78p 2N3705 10p

B8C212 14p TiP2938 00p 2N2708 10p

145! TIP208s azp | 2N3819 22p

BCY70 18p P 2N708  13p 2N441S 10p
YT up mma 20p |2NS204 30p

273 pin oI Tom: 35 Tomer oo,
.lpom imer 40p.

RESISTORS
Miniature YW Carbon Film Hi-stabs.
All ulun lvom 1 ohm to |o Megohm

Mom Mm g?( ml v:|un from
27 ohms to 10M. 2jp each.

WIRE
Enamelled copper wlvo on Rox reels,

swclrnco u/ : 18/34p: 20/%8p:
a/ L R‘IQp : 28/44p; 30/40p:

32/48p; 4, .:n/up 38/34p; 40/58p.
Connocllno wire, 40 x 2 metre lengths
solid core asstd colours £1. 3 x Syd

colls flex 23p.

TRANSFORMERS

8-0-8V 100m. p: 9

12-0-12vV 100mA £1; 12-0-12V S0mA

Wp; 12-0-12V 1A 22-685; 1.
0; 6-3V 1A £1-75; UV 11A

glves 4. 8, or 12V at 1A £1-08.

DEVELOPMENT PACKS

Save ££££°s by buying a full nnoo

ol compononu at one go! All fult
e devices, no rejects or

o

l
sov Covlmic Plate Cu-cllou ]
10 of each value from ﬂpF 0 10009F
Total 210. £2-70. Save £1-50!

Carbon Fitm min. resistors, {W 5%.
10 each value from 10 ohms to 1
total 810. £8. Save £3-18/
Elmrolyﬂu 10 each value 1, 22,
47, 10, 22, & 100uF. All' 28V,
Total 70 for £3- D Save £1:10!
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a radio
amateur.

A 98p; Leam how to becoms a radio-
amateur in contact with the whole
world. We give skilled preparation
for the G.P.O. licence,

WAA

Braghure, without obligation to:
BRITISH NATIONAL RADIO

EEK108

& ELECTRONICS SCHOOL,
P.0.Box 166, Jersey, Channel Islends.

{Mock copn plesss)

- ‘---------‘
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DRILL
Rlectronically ohanges
trom §

MULLARD UNILEX
A mains operated 4 + 4 stereo systen). Rated one
of the finest performers in the fleid
mldnuxouvondumnlnlullm«tnnyouh

3

48 including post and
Made up model £1-00 extra.

NUMICATOR TUBES
¥or digital instraments, counters,
timers, clocks, ete. Hi-vac XNI1I

Price 81-85 each. Post and VAT pald.
RADIO STETHOSCOPE

MAINS TRANSISTOR PACK
Designed  to  operate
transistor veta and amp-
iifiers. Adjustable outpat
nv 9v., 12 volta for up

500mA (clams B
'urkln()

Taken  the

PPY und others. Klt

PPS, PP4, PPS, PP?.
main 3
and load resistor d

Keal snip at only 2250 Inclndlnl post and VAT.

MOTORISED DISCO SW'TCHIS
With six 10 amp
over 360° switches are rated at lo-mpeu:h-on
total of Mlunbeconttolled-ndthhvﬂllld

e t display, Mains operated.

ICE 84 DITTO BUT 12 SWI'ICI.I
“ 7l DITTO 8 AWITCH 34-06. POST AND VAT

MAINS MOTOR
Preclsion

postage 35

28+ VAT nnl

W:NDSCIEEN
PER

CONTROL

EXTRACTOR FAN

Cleans the sir at the rate of
10,000 cubic feet per hour.
!Iluhle for kitchens, bath.

factories,
mnm-. etc. It's 20 quiet it can
hardly be heard. Compaot.
54" casing comj motor,
fan biades, sheet steel onaing,

switoh, mains
and brackets. 8585
INCLUDING POST & VA'l'

Moathly list available free
send long stamped ennwpe

18 RPM GEARED MAINS MOTOR
'l'hll)ll :mmhuntl-l motor (17 stack Mnevk;
) powerful definitely large enough

ve nqrohuu diaplay or a tumbler for Rarrea

wtone etc. Approximate overall size 4% x

ﬂ' these ue ex-unused equipment, Myln‘
pormal ex-equipment guaranteen, PRIC!

.“ POST ll.lll VAT PAID.

GLAMORIZE YOUR ROCKS

The way to make rock samples, stamps etc, really

show themasslves off la to light them by means of

our miniature UV tube. This s only Sw’s s0 the

electricity costs are negligible. Complete kit com-

pﬂ.u uv m:d-nd ity 3

starter.
‘l‘nul price 8376 POST and VAT PAID.

TELESCOPIC AERIALS
for portable car radio or
Chrome

cansmitter, pbud—
alx extending from 7} to
+ 15p. Post & VAT.

47in. S0
KNUCKLID IODIL FOR FP.M.
Post and V.

'N"!:'?I Ad SP!CIQ’L SWITCH
w end cootact. Very ht pressure closes
both :-‘:-tuu 18p each.
m-luodl.’mt::r
operating. [
lolw.l

80 + 17p

°0

form and ocomplete
ﬂaumdﬂoodmnmkmmnmdw
at about £30—but due to a special bulk buy

{1

As an ncentive for you to buy this month we
the systom ocomnplete at u.ly £14-80
Postage.

|

VAT and

LIGHT PIPE

A openhdluvdltullntmy 24t ) it uses
M 130 bulbs which flash in uencemt‘o make

hands of light move along the tube. tube can be

siraped around a particular item or set and cannot fail to

“::nn:'mt tubing—140 tnl:] ' ! yd:'_““ &

' —

v tch—taps for conpections

fall wiring 215 for kit. Post and

VAT pald.

TWIN OUTPUT POW!I PACKS
These have two

ordering please
tage 4jv, Ov, "v, 9v, 12v, or 24v.
Price £3-98 .Post and VAT includ

BURGLAR ALARM
ONE TRANSISTOR RADIO
CAR REV. COUNTER

Tu recefve parts for the projects featured this moath, -nd the estimated
price + 40p post, Any cash adjustment can be made la

SHORTWAVE CRYSTAL SET
Although this uses no battery it gives really susshing

resulta. You will receive an assortment of
sations over the 19, 25, 31, 20 metre bands-Kit contains
chasals front and the parte £1-58—cryetal ear-

panel all
phone 58p including VAT and Postage.
. HONEYWELL PUSH BUTTON PANEL
W 1-2-3-Bank, each bank milero
R l'ltclr-uduwunp-m'dh.ﬂmchpmlﬂxjn‘by
‘Ilocknnueompleu black 1” diameter knob. Prices:
1 bank 409—3 bank 58p—3 bank 70y.
ELECTIIC HOTORS
pnvcrful
models. Onmt types vary for nn ln
lnndnd- of projects—Tools, toys, models, etc.
brand new reversible and for lglﬁv batts. Wlﬂn(

HOUNTING MICIO SWITC
ONLY £1-50 FOR SEVEN
diagrams inc. VAT and Post P.

SWITCH TRIGGER
MATS
So thin, is undetectable under

s, shop doors, e
ﬂh:opllnllﬂ.ronmd
lunxlohllll Post and

T 50p.

MAINS TRANSFORMERS
230-280 volt

SSCBRRLEEEISLRRBLS SR

0 D o 10 1 s 091t 1 s 001 0 s i 0

30' - 37 amp
BOvupped 57 & 70v .. 4 amp
230v-60mA &£ 6-3v .... 1-0amp 19
275-0-275v at 90mA &
804v 3 amp sae
v
(intennittent) (¥ ]
- % amp 147
l Amp 388
4“3

Add”mllmmWM\AT
HULTI SPEED MOTORS
8ix speeds are avallable 500, 850,
and 1,100 r.p.m. mda.ooo u.ooo
and 15,600 rp.m. Bhatt ls § in.
and 1in
lon‘ 230/340v. Tts spesd may be
ocontrolled with

t.lsueol

w con b
powerful and useful motor du
.pwox 3 in, dia. x 5 lo. long.

l!ﬂlndlldh‘ Post and VA'l'
Bpeedoontrol switch §0p +
SPIT MOTOR WITH CAIT!I
GEAR BOX

the best spit inotors made.
Originally intended) to be used in very high priced
eovtmhvovwﬂhuuboputmnlmtyoloﬂu

i ng contalner,

SMITHS C!NTML HEATING CONTIOLLEI ‘componepts include &
Push button gives 10 (1) amp thy , plus trans-

hot water and cootinuons () continaous pot with

caunl heating

bot water but central heating off at night (3) continuous
bot water but central heating on only for 2 periods during
mdny(d)mmmwudmmoabntdny
time only (5) hot water all day but central heating only for
two periods during the day (0) hot water and central

on for 3 periods during the day time only—then for summer
thue use with central heating oﬂ(‘l)lwtvutueontlnm(ﬂ)hotwtwhy
time only (9) hot water twice dally (10) ave-ytun‘ off. A bandsome lookh(
et e el progrecas ot et et Soeppie e sy 12

A Y iring

w&‘ d we belleve at over S15. Weoﬂ«then'lllemmhlntnﬂ“
each INCLUDING VAT and Postage.

THIS MONTHS SNIP
ROOM THERMOSTAT

*

former,

opjoff switch and theoreti-
cal circuit diagram.
PRICE #8900 Post and VAT

pald,
SMITHS 24HOUR TIMER HEART
Really the ‘Autoset’ without ita plastic case.
This Is a 24 Hour twice on, twice off, clock switch
which will repeat until reprogrammed. Bwitches
rated at 15 amps. Limited supplies,
PRICE 34-48 lNCLUDlNG POS‘I‘ and VAT,
PRESSURE SWITCH
ulnlu & IS amp change over
tch operated by a diaphragn:
wlhh in tumm is operated by alr
pressure throul [y -ndlhmcul tube,
The

but is set to operate in approx. 10in
otm Th-sueqllhlo'ptmdﬂ'le-ud
fact be operated simply bybhﬂn‘hto
tl‘ lnM tube. Original use was
to tarn off water 'Mn'.ubhu
oorrect level but no doubt has many other
£1-96 each inc. post & VAT.

3 4

panel
and for dosens of other applications. Paroel L
of 10 for §1:80 VAT AND POBT PAID,

ONLY £1-50 FOR SEVEN
ELECTRIC MOTORS
7 powerful batt. motors as weed in

Tools, toys, models,
brand new -Mlorl -12v batts.
dh(lno.VA'l'PMPAID L WS

Iwmmumummmmuomm

- BULL (ELECTRICAL) LTD.

(Dept. E.E.), 103 TAMWORTH ROAD,
CROYDON CR9 ISG.
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DC HIGH CURRENT PANEL
METERS
0" 'mmd wide angle 240 move-

earh ine. VAT & POST. l‘l
sonable quantities avallable in
the following ranges 0-15 amps, 0-20 swmps, 0-30
ampe, 0.40 amps.

MULLARD AUDIO AMPLIFIERS
Alllnmodulelorm.tmhmdybnﬂteomphh
with heat sinks and omu::nlup.dau
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ESCAPE PLAN

This month heralds the beginning of the busy
season for home constructors. The dedicated
will need no reminding or urging. But to any
of the uncommitted who may chance upon these
words we could offer some encouragement and
advice,

Every autumn finds numbers of people hunt-
ing about for ideas to help occupy and usefully
employ their leisure time in the months ahead.
Something “different” is usually the goal. Some-
thing to provide an escape channel from those
other channels on v.h.f. or u.h.f., maybe.

Well, there’s plenty to choose from, as Flood-
light and other evening class or further educa-
tion prospectuses make abundantly clear. But
if you want to be independent and do your own
thing at home, why not go for something really
different and give electronics a try?

IT'S LOGIC

We open this new season with the first part
of a series entitled Doing It Digitally. This series
starts from scratch and progresses in easy steps.
It describes simple experiments which demon-
strate everything in an unmistakeable fashion.
It offers an ideal way to learn the basics of
digital and logic techniques which are playing an
ever-increasing part in modern electronics.

The newcomer to electronics should be com-.
pletely at home with this series. Yet Doing It

Our November issue will be published on Friday, October |5
See page 529 for details.

EDITOR F. E. Bennett ]
ART EDITOR |. D. Pountney °

evervday
tronics

ASSISTANT EDITOR M. Kenward L[]
P. A. Loates 2
ADVERTISEMENT MANAGER D. W. B. Tilleard °

Digitally is more than a beginner’s series. Many
experienced constructors use digital circuits
quite frequently, while perhaps not being
entirely conversant with the fundamentals
involved. Here is a good opportunity for them
to brush up on their knowledge.

Oh, yes, even amongst the professionals there
will be some who, perhaps because of long con-
finement in analogue areas, will find this series
a useful revision.

STARTERS

Our menu this month appropriately includes
a couple of Starters to wet the appetite. What
is more, a piece of circuit board to accommo-
date both circuits comes free with our compli-
ments.

So here’s to an enjoyable and rewarding
season with do-it-yourself electronics. It can’t
really fail to be so, with EvERYyDAY ELECTRONICS
every month providing stimulating designs plus
valuable down-to-earth technical information
and guidance in all constructional matters. 0.K?

Fut 22

TECHNICAL EDITOR B. W. Terrell B.Sc.
K. A. Woodruft
P. Mew

® IPC Magazines Limited 1976. Copyright in all drawings, photographs, and articles published in EVERYDAY ELECTRONICS is fully
protected, and reproduction or imitations in whole or part are expressly forbidden.

All r ble prec

are taken by EVERYDAY ELECTRONICS to ensure that the advice and data given to readers are reliable.

We cannot, however, guarantee it, and we cannot accept legal responsibility for it. Prices quoted are those current as we go to press.

Editorial Department: Everyday Electronics, Fleetway House, Farringdon Street, London EC4 4AD. Phone 01-634 4452.
Advertisement Department: Everyday Electronics Advertisements, Fleetway House, Farringdon Street, London EC4 4AD.

Phone 01-634 4504.
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CONSTRUCTIONAL PROJECTS

CAR REY. COUNTER Neat design suitable for most cars by C. . Allen 506
TRY THESE FOR STARTERS | Microphone Pre-amp—2 Multivibrator 510
ONE TRANSISTOR RADIO Simple but effective design by R. A. Penfold 526
GENERAL PURPOSE BURGLAR ALARM For open and closed loop systems by D. H. Williams 534
GENERAL FEATURES

EDITORIAL 504
USING WIRING BOARDS How to use your special gift 509
SHQP TALK Component buying by Mike Kenward ) 512
FOR YOUR ENTERTAINMENT by Adrian Hope 513
"TEACH=IN 76 Part |13 Osclllators by A. P. Stephenson 514
PLEASE TAKE NOTE 518
YOUR CAREER IN ELECTRONICS Cable and Wireless by Peter Verwig 519
NOISE REDUCTION SYSTEMS Part | by Adrian Hope 522
DOING IT DIGITALLY Part | Diode gates by O.N. Bishop 530
PROFESSOR ERNEST EVERSURE The Extraordinary Experiments of. by Anthony ). Bassett 537
JACK PLUG AND FAMILY Cartoon 538
CHANNEL APPROACH AID Supertanker guidance system by G. A. G. Brooke 539
PHYSICS IS FUN Thermocouples by Derrick Daines 545
DOWN TO EARTH Inductance and capacitance by George Hylton 546

BACK NUMBERS,
us. An s.a.e. should be dforap al reply. Letters
concerning published articles should be addressed to: The

LETTERS AND BINDERS WTTING
We are unable to supply back copies of Everyday Electron-
ics or reprints of articles and cannot undertake to answer
readers’ letters requesting modifications, designs or informa- F
tion on commercial oqulpm.n( or subjects not published by I
Editor, those concerning advertisements to: The Advertise- m Gmn m
ment uuna'gor. at the address lh(ovm oppo'.l:';. A *®
Binders for volumes 1 to 5 (state which) are av e -
for £2-10, including postage, from Post Sales Department, SEE m 509,510
Lavington House, 25 Lavington St., London SE1 OPF k . J
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THIS article describes a very
simple and neat Car Rev.
Counter. It will work with either
polarity system (positive or nega-
tive earth), and oonnection
couldn’t be simpler, there being
no need to break into the ignition
system to detect voltage or

RN

Fig. la. Ignition pulses

L

v

’ T
Fig. 1b. Waveform produced by mono-
stable

INEREREEN

T
Fig. lc. Increased engine speed corres-
ponding to la.

T

Fig. 1d. Increased engine speed corres-
ponding to tb.

506

current wave-forms, as in most
commerdially available models.
Another advantage is that no con-
verter is needed for using it with
electronic ignition systems.

THEORY

In a oonventional 4-cylinder, 4-
stroke car, each revolution of the
engine causes two sparks to be
produced by the ignition coil. At
an engine speed of 3,000 r.p.m.,
say, there will therefore be 100
sparks, or pulses, per second; as
shown in Fig. 1(a).

If now each pulse fires a mono-
stable multivibrator with an a-
stable period of T, the wave-form
of Fig. 1(b) is produced.

The two graphs have been
repeated for an engine speed of
6,000 r.p.m. in Figs. 1(c) and 1(d)
and if Figs. 1(b) and (d) are
studied it can be seen that if the
areas contained under the pulses
are added and then divided by

Counten

An inexpensive unit requiring
only supply connections to
the car wiring.

By C.J. ALLEN

time (or integrated) a voltage will
be produced which is proportional
to the engine speed.

In this design, the wave-form is
mechanically integrated using the
meter movement’s inertia and
return hair-springs. This produces
a very linear speed/deflection
relationship.

The period T is set such that,
at the maximum displayed engine
speed T is fractionally less than
the period between adjacent
sparks, at that speed; i.e. 3:75mS
in this case. Different speed
ranges and engines with more or
less cylinders can easily be
accommodated by simply varying
this period.

CIRCUIT

The circuit, as can be seen in
Fig, 2, is extremely simple. The
common *“555” timer is used in its
standard monostable configura-
tion, the period being set at 1:-4

Fig. 2. Circuit diagram of the Car Rev. Counter.
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Fig. 3. Construction of the Car Rev. Counter. Circuit board shown full size.

Photographs of the completed unit.

(Components%%"&i‘“}%

Page 512
Resistors
Rl 27kQ2 1
R2 47kQ ?} Watt metal oxide.
R3 4-7kQ

Potentiometer.
VRI 4-7kQ2 pre-set.

Capacitors
Cl  0O-1uF (0-068uF for 6-cylinder engines.)
C2 0-0luF
Both Polyester 100V

Diodes
Dl 9-1 volt 4900mW Zener diode.
D2, D3 IN9%14 or similar general purpose diodes (2 off)

Integrated Circuit
ICH 555 Timer.

Miscellaneous

MEI ImA d.c. moving coil edgewise meter, model PE70.

Copper clad circuit board 67 x 57 mm. Nuts, washers,
bolts, wire, wander-socket etc.
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X Cl XRl; approximately 3-7mS.

As the trigger input (pin 2) on
this i.c. has a high input imped-
anoe, the only load seen by the
pick-up wire is 47 kilohms (R2)
and this is sufficiently high to
use inductive pick-up for trigger-
ing it. In fact all that is necessary
is to place the pick-up wire near
the ignition coil. Diodes D2 and
D3 are included to limit the
voltage to pin 2 to within the
circuit’s limit.

The output (pin 3) is fed via
R3 and the calibration pre-set
VR1 to the 1lmA meter-move-
ment.

A simple stabiliser R4 and D1’

is used to allow for variations in
the car’s voltage supply. No de-
coupling was found necessary but
C2 was included to prevent
possible spurious triggering of
the i.c. by noise on the power
rail.

CONSTRUCTION

All the oomponents are
mounted on a printed circuit
board (p.c.b.) which, in turn, is
mounted inside the meter’s case
surrounding the actual move-
ment. The p.c.b. pattern is shown,
full size, in Fig. 3,

Before the board is etched it is
recommended to check that it fits
inside the case, altering it where
necessary. The circuit may need
slight filing to clear two of the
bolts that hold the case together.

Be careful dismantling the
meter as it is extremely delicate;
care should be taken not to put
any undue pressure on the
pointer as it bends easily. The
scale simply clips in place. All
this will, however, become
apparent when it is actually done.

The only alteration necessary
to the case is the drilling of a
hole to take a miniature wander-
socket, as shown in the
photograph.

ASSEMBLY

When the components have
been soldered on the board as in
Fig. 3 this may screwed into
the case using the holes which
originally contained the meter
connection tags, these terminals
now act as the power input tags.
The re-calibrated scale should
next be clipped into place,
followed by the meter-movement,
having first soldered thin pieces
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of insulated wire to the connec-
tions on the latter. These wires,
plus one from the pick-up input
socket, should then be soldered
to the p.c.b. Finally the case's
other half can be screwed in
place.

THE SCALE

The original scale is calibrated
0-lmA in forty steps. This is
immediately suited for re-calibra-
tion to 0-8000 r.p.m. in steps of
200 r.p.m.

With a bit of patience and a
steady hand re-calibration is
fairly easy; unwanted black
lettering and lining can be
removed by scraping with a
razor blade and new lines and
letters inserted using Letraset or
a thin India Ink pen.

CALIBRATION

Calibration must be done
before installation in the vehicle
and with the case’s top half
removed to gain access to VRI.

The best method is to use a
square-wave oscillator set at
100Hz (150 ‘for a 6-cylinder
engine) and amplitude between
10 and 20 volts. Connect one wire
to the unit's negative power
terminal and the other, via a
100pF capacitor, to the pick-up

socket. A dry battery is sufficient
to power the circuit which takes
less than 10mA. Adjust VR1 to
give a reading of 6,000 r.p.m..

The unit may alternatively be
calibrated in another vehicle
which already has a rev. counter
fitted, adjusting VR1 to give the
same readings.

MOUNTING

The unit may be mounted any-
where in the car by either cutting
a rectangular hole (7cmX3cm)
somewhere in the fascia and
using the meter’'s existing
mounting-screw holes, or suitable
brackets may be bent up.

As the meter itself is fairly
delicate, if the car’s engine is
rough or if it is to be used for
rally-cross etc., the meter should
be mounted in foam-rubber or
some other similar media.

The earth lead may be con-
nected to any oconvenient earth
point and the live wire to any
point in the car’s. electrical system
that is switched by the ignition
key. An insulated wire should be
taken, from the meter’s input
socket, into the engine compart-
ment where it should be taped,
for a few inches, to the outside of
the h.t. lead from the coil to the

distributor.
The unit should now function
perfectly. - i

Photograph of the completed unit fitted to the dash board. New scale marking
of the meter is shown. *
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USING WIRING BOARDS

The series of photographs on this page will enable
you to put your free piece of wiring board to good
use.

4. After checking
the layout cut off
excess wire.

6. The ﬁnished

b
—check _—

d read
Y to tak
C : .
onstrucqon befori atr:?);tfilgmg leads
g
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Soom;n or later, most experi-
menters will find the need to
amplify the output from a micro-
phone—a facility not always
available in amplifiers.

Since cost often has to be con-
sidered, it is natural to ask
whether an existing receiver or
amplifier can be used for this
purpose, by adding something to
it. Depending on the individual's
pocket, the microphone used
could either be a crystal, dynamic,
or even ribbon type, but since the
dynamic type is capable of good
performance at a very reasonable
cost, it is a very popular and
logical choice.

However, regardless of the type
finally selected, the output will
be very much lower than, say,
that of the conventional crystal
pickup, and will require con-
siderable amplification before it
is large enough to be fed into the
pickup terminals of a standard
audio amplifier.

Furthermore, if we happen to
select a crystal type, it is essential
that the input circuit to which it
may be connected provide a high
impedance, ideally about 5 meg-
ohms but certainly not less than
one megohm. If it is otherwise,

the bass response of the micro-
phone will be seriously
attenuated. Our simple pre-ampli-
fier is designed to satisfy both
these requirements,

CIRCUIT

The dircuit may appear a little un-
conventional at first, and it may be
helpful to discuss briefly some of
its more important features. It is
a two stage directly coupled ampli-
fier, using an npn (BC109) first
transistor and a pnp (BC214)
second transistor.

Apart from the direct coupling,
the main feature is the input
drcuit of TRI, designed to pro-
vide the high input impedance
necessary for the crystal micro-
phone.

The 220 kilohm resistor and the
0-22,F capacitor, connected as
shown between the emitter and
base, is known as a “bootstrap”
arrangement, which has the effect
of increasing the input impedance
to a much higher value than that
of the 220 kilohm resistor, by
decreasing its shunting effect.

This cdircuit functions, broadly,
something along the same lines
as the emitter follower, in which

O+9v

TR2

BC2u

OuF

INPUT
OuTPUT
Q & O 0V
Fig. . Circuit diagram of the microphone preamplifier.
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INPUT

(Components

k ing wire.

N

Resistors
Rl 390kQ
R2 470kQ
R3  220k0
R4 56kQ
RS 2-2kQ
R6 10k
Al W 4 10% carbon

itors
! 33pF
C2 O-luF
C3 0-22u4F
C4  33uF elect. 12V
C5 O0-luF

Transistors
TRI BCI09 silicon npn
TR2 BC214 silicon pnp

Miscellaneous
Veroboard |1 holes by 10 strips (half
of free piece with this issue); connect-

J

a voltage is applied to the input
load, so that very little curreat
can flow through it from the
signal source. Thus the source
“sees’” what appears to be a high-

resistance,

s« TR2
VIEWED FROM
UNDERSIDE

DIRECTION OF
COPPER STRIPS
B

&Tg}m

c1+ 6

0000O0O

—
OUTPUT
L

'0,0000000

%#=BREAK IN COPPER STRIP
Fig. 2. Layout of components.
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(ESTIMATED COST\

OF COMPONENTS
excluding VAT.
\_ £0.65 Y,

The 56 kilohm (R4) and 2-2
kilohm (RS) resistors provide
both negative feedback and
thermal stabilisation for the tran-
sistors. The 33uF capacitor (C4)
supplies the a.c. path to chassis.
The 10 kilohm resistor (R6) to
chassis is the collector resistor
for TR2, and the output developed
across it is extracted via the
0-1xF capacitor.

OPERATION

This little unit performs very
satisfactorily from a 9V supply.

Although there are quite a few
componeats to be accommodated
on the piece of dircuit board, the
project is simple to construct and
presents no problems. The com-
ponent layout is illustrated in Fig.
2. It should be noted that it is
necessary to cut the input/output
copper strip at the point indicated
in order to maintain the correct
circuit and to mount all the com-
ponents on the piece of board.

When it has been built and
the equipment set up for test,
don’t be surprised if the whole
thing screams its head off as soon
as the volume oontrol is advanced.
This will be due to acoustic feed-
back caused by the microphone
picking up signals from the
speaker and feeding them back
into the system. This is quite
normal, and it is best to place
the microphone as far away from
the speaker as possible. g
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of uses in radio and elec-
tronics, as we shall see.

A multivibrator produces an
essentially square wave output,
and it can be shown that a square
wave comprises a fundamental
sine wave plus odd order har-
monics which would extend to
infinity with a perfectly square
wave.

Tlu-: multivibrator has a number

USE

In practice it is impossible to
achieve a perfect square wave
output so the number of har-
monics produced is finite. None-
theless, output wave shapes very
nearly square are possible, and
the harmonics from an audio
frequency fundamental will ex-
tend well into the r.f, region.

Thus, the harmonic output of a
multivibrator may be used for
testing or fault-finding, in either
radio or audio equipment. In this
role it is used as a simple signal
generator and, with its output
connected to the input of the
equipment being examined, it will
produce an audible tone in the
loudspeaker, or headphones, if all
is in order.

O+9v

Circuit of multivibrator.

Fig. I.

[Components

Resistors
RI  IkQ2
R2 100kQ
R3 100kQ2
R4 [kQ2
All $W + 109 carbon

Capacitors
Cl  4700pF
C2 4700pF
C3 O lu

Transistors
TRI BCI08 silicon npn
TR2 BCI08 silicon npn

Miscellaneous
Verobard 1 holes by 10 strips (half
of the free piece with this issue);

k connecting wire.

Ideally, we need a considerably
more refined square wave
generator than this simple device
in order to make measurements
on the equipment. However,
observations with this simple
instrument can be most instruc-
tive.

Continued over

DIRECTION OF
COPPER STRIPS (NO BREAKS)
-

o 1R1O O o 0 0 &
o™
l TR2 OUTPUT
|O (( Cc3 O /
] '

R2

| 0000 (o]

¢ TR1& TR2 VIEWED
FROM UNODERSIDE

Fig. 2. Component layout.
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Try these
for Starters

4 )

ESTIMATED COST

OF COMPONENTS
excluding VAT.

\_ £0.50 J

CIRCUIT

The actual operation of this
circuit is that one transistor (say
TR1) is cut off while the other one
(TR2) conducts fully, this con-
dition alternating between them
at a rate determined by the value
of R2/C1 and R3/C2.

To trace faults in radio
receivers and audio amplifiers,
the best method is to start at the
loudspeaker end of the equipment
and inject a signal into the final
stage. If a signal is heard in the
Joudspeaker, work toward the
input, stage by stage, until no
signal is heard. This shows at
which point the equipment is
faulty and a more localised and
thorough examination around the
stage should reveal the fault.

Using the values shown in the
circuit diagram, the multivibrator
should oscillate at approximately
TkHz. By feeding its output into
the aerial of a communications
receiver it was found that the
frequency range oovered was
from the broadcast band to
20MHz after which the signal
dropped off rapidly. i

512

e T LS A\

B=

===
==

By Mike Kenward

New products and component
buying for constructional projects.

Sonz'rmss everything seems to be
against us; this month we were going
to give you a bumper page because a
host of information on catalogues and
new products has come in from
various firms, together with other
interesting items we would have
liked to tell you about. However,
because of various problems we are
unable to give this information this
month and must confine ourselves to
a short article and the major points.

Catalogues

Doram Electronics Limited, have
published a new “Edition 3" catalogue
priced at 60p and a new construction
kit brochure price 25p.

Should customers order both pub-
lications together Doram are offering
a special price reduction of I15p so
customers only pay a total of 70p and,
in addition each customer will receive
two 25p vouchers which may be used
at any time as a refund when placing
orders for components, accessories
and construction kits.

A special feature of the main cata-
logue is that during its life span
customers will receive free, up-date
amendment leaflets giving information
on new lines and price changes. Doram
are at P.O. Box TR8, Leeds, LSI12 2UF.

The new Heathkit catalogue will be
available by the time you read this.
The catalogue is free and contains
seven new kits—it is available from
Heath (Gloucester) Ltd., Gloucester,
GL2 6EE.

As we have said before, it helps us to
help you if you always mention EE
when buying anything connected with
our projects or mentioned in our
pages.

Car Rev. Counter
The meter for the Car Rev. Counter

is the most expensive item and the
correct one must be purchased if the
circuit board shown is to be employed
inside the meter case. The particular
type \is available from the larger
suppliers.

Burglar Alarm

Only one component used in the
General Purpose Burglar Alarm is not
widely available—the CI06 thyristor.
This particular device or its equivalent
the W06 thyristor should be used
as its gate current and voltage are
much lower than other types. Don't
be misled by suppliers, most of them
will tell you almost any thyristor
could be used but in this case we
suggest you get the correct ones
which are available from Electrovalue,
28 St. Judes Rd., Englefield Green,
Egham, Surrey, or from Marshalls,
42 Cricklewood Brosdway, London,
NW2 3ET.

One Transistor Radio

Once again none of the components
for the One Transistor Radio should
cause any buying problems but it is
interesting to note that Home Radio
are offering 500mm (20 inches) of
damaged 10mm diameter ferrite rod
with 2 promise that it will include at
least 3 pieces 100mm long and 6
formers (aerial type) for 65p including
V.A.T. and postage, or 45p to callers.
This would obviously provide a great
saving for anyone who builds or
intends to build a few radios.

Home Radio advertise regularly.

Try These for Starters

The two projects which can be
built on the free piece of wiring board
supplied with this issue should not
create any component buying problems.

If you do not have a component shop -
in your area, we suggest you send
your order to one of our advertisers
and if you are new to this hobby, it
would be a good idea to buy one or
two component catalogues while you
are at it.

D..D.

Doing It Digitally, our new series will
no doubt interest many existing and
new readers and not only provides an
introduction to digital i.c.s. but also
a chance for many people to brush up
on their logic. We hope a number of
suppliers will soon be offering kits for
the first four parts (the list given in
this issue). In addition to the list some
readers may like to buy a type 90-40-087
Verocase and a d.p.d.t. toggle switch,
although these are not essential.

However, there should be no prob-
lems with any parts and most of our
component advertisers should be able
to supply—tell them what they are for
when ordering as they shouid have
knowledge of the series.
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Telephones For Trains

It is now well known that the Japanese
built a super-fast (200km/hour) *‘bullet"
train to link Osaka with Tokyo for the
1970 World's Fair. In fact there are
numerous bullet trains, shuttling fre-
quently on the dead straight track that
cuts a swathe across Japan. This is
where the difference between the

apanese high speed train and the
dvanced Passenger Train planned for
the UK later this decade shows itself.

Whereas the bullet trains need
straight tracks the APT will be able to
negotiate bends and thus use existing
tracks. To handle the bends reliably,
and without risk of driver error, the
APT will automatically interrogate
transponders alongside the tracks.
These will continually send information
to the driver's cabin in the APT to
provide a permanent readout on a
digital display of the maximum safe
speed for the APT over the length of
track currently being negotiated.

The Japanese trains all have an on-
board telephone system which can
both receive and send calls. Anyone
riding on the train can thus phone
home or you can direct-dial the train to
contact a passenger. The charge de-
pends on where the train is at the time
of the call in relation to the outside
number called, but the maximum cost
is £1 for the first three minutes (for
a local call of course).

Train telephones are now also
common in the USA and Europe, but
although the first radiocommunication
with a train took place in the thirties in
England (a bunch of hams linked up
with the Flying Scot), British Rail
argue that there is insufficient demand
for a telephone on an inter-city train.
The problem is that a telephone on
board a train is an expensive item.
Simple on-air radio communication
is useless because the radio link is
broken every time the train passes
through a cutting or tunnel. This is
why most of the old tube lines in
London still rely on the primitive and
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generally unsatisfactory system of re
quiring the driver or guard to stop
the train, climb out and clip the wires
of a portable handset onto a pair of
bare phone lines that run alongside the
track through the tunnels.

Remote Control

On London's Victoria line however
the trains are remote controlled, and
the driver given telephone contact

‘with the outside world, via a carrier

wave transmission system with com-
munication to and from the conductor
live rails. This is relatively simple
because the rails carry only d.c. to
power the trains (at around 600 volts)
and this will not normally affect the
a.c. control signals and audio frequency
telephone link.

The Japanese bullet trains are remote
controlled (just as on the Victoria line
the driver is really redundant) and
make telephone contact with the
stationary world in exactly the same
way. The snag is that the rails drastically
attenuate the signal they carry, and it
is necessary to provide frequent
repeater stations, to keep the signal
strength at a reasonable level.

it is for this reason that, if and when
an on-board public telephone system is
developed in the UK, it is likely to use
the more modern technique of a “‘leaky"*
coaxial cable stretched along the track
side to radiate the signals to the train.
This system is currently in use by
London Transport on an experimental
basis, but of course only to provide a
communication Jink with the driver and
guard. So far as | know no country in
the world yet provides a public
telephone on their underground trains!

Equipment Repairs

Here's a couple of hard-learnt tips
that can save a lot of grief. When you
buy any kind of audio or electronic
equipment, do try and keep the
original box and packing. If the equip-

ment develops a fault, returning it to
the retailer or manufacturer will be
far less miserable if you have exactly
the right packaging ready to hand. But
your troubles may not end there.

To safeguard themselves against
dishonest customers and clumsy de-
livery men, most firms have a checklist
which they fill out whenever a new
piece of equipment is received. A tick
ts put on a form against the appro-
priate box—good condition, fair, poor,
and so on—to record its state on
arrival. But this puts the poor old
customer at the mercy of just about
everyone else involved.

Recently, | saw an electrostatic
headphone control box that had
developed an internal fault and been
sent back in 100 per cent good-as-new
condition to the manufacturer. It was
returned after repair, covered in
scratches apparently put there by an
ape with a monster screwdriver, but
accompanied by a checklist rating its
condition on arrival as “*poor*. There
are two ways to safeguard yourself
against this kind of nonsense, Photo-
graph, e.g., with a Polaroid camera,
any piece of good-as-new equipment
before you return it for repair and,
wherever possible, deliver by hand
and insist on the condition being
noted in your presence before you
leave.

T.V. Games

Whereas it now costs around £300
to equip a domestic TV set with a
decoder to receive Ceefax and Oracle
teletext transmissions, the cost could
well have dropped to around £25 by
1978, More likely to interest the
average reader however, is the fact
that domestic TV table tennis games
suddenly are starting to get cheaper
all the time.

The original invention was made in
the USA around five years ago. It was
probably intended as a military training
aid, because the first design was for a
photoelectric gun which caused a spot
on a TV screen to disappear when
correctly aimed at the spot. Then the
idea of chase games was developed,
and finally table tennis, football,
hole-in-the-wall and a whole range of
other fun ideas.

A single chip which carries all the
essential circuitry for enabling a dom-
estic TV set to play a wide range of
games and read out the score is now
available. You can understand why no
one is shouting about this yet. Several
domestic games using discrete cir-
cuitry are on the market and when they
work they work well. But the two 1
have used both went wrong and they
are still pretty expensive. But now
the chip is available new games will
appear that are far cheaper and far
better than the older ones. It will
then be as hard to seil an old style

ame as it is to sell an old style calcu-
ator. So beware.
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Part Thirteen

13.1 OSCILLATORS

Oscillators are black boxes which generate periodic
voltage waveforms, i.e. voltages which vary in a
regular manner. They may be divided into sinusoidal
and non-ginusoidal such as rectangular, square,
pulse, triangular, sawtooth etc., see Fig. 13.1a which
shows some typical oscillatory outputs which are
required in electronics).

Nearly all oscillators rely on a very simple
principle. A voltage amplifier normally has an
external input signal but an oscillator uses its own
output as the input signal; Fig. 13.1b shows the basic
idea behind this strange black box. A ‘“feedback’
loop which allows a certain fraction, B, of the output
to re-enter the input, is causing the oscillations, (the
circle with “pg" ingside represents some network
which is tapping off this fraction and could be a
simple voltage divider or a complex network
containing capacitors, inductors etc).

There is one important proviso however—the
phase of the feedback must be in such a direction
as to re-inforce the input. For example; if the input
to the amplifier rises in the positive direction the
amplifled output must arrive back at the input as a
rise. This is called positive feedback, to distinguish
it from the “negative” feedback which we used in

@.

[

VOLTAGE AMPLIFIER )
— =

OGECAINEA | OUTPUT

Fig. 13.1b. The oscillator in "black box’ form.

amplifiers to increase stability.

An oscillator may be described as an amplifier
which is persuaded to be unstable. There is a very
simple but extremely useful equation which is used
to design the feedback loop:

Fig. 13.1a. Non-sinusoidal waveforms.

+6v —— - —_—— HV— — = —— -
S T I P _U -
— 6V — B OV =——d — — — =
_— TIME —>= [ T »
PERIOD PERIOD
(i) Rectangular wave with  (ii) Rectangular wave

PERIOD PERIOD AVERAGE
+12v '4}.‘-P‘J—— 0— 7:{__}‘__ !_ —
L e JTTTT
0 +2v— - - T e
(iii) Narrow positive (iv) 12 volt negative going

average value of zero
volts and amplitude of 12
volts.

with average value of +6
volts and amplitude of
12 volts.

going pulses of 12 volts
amplitude. The average
value is slightly positive.

tri-
angular wave with zero
average level and 12 volts
amplitude,

(v) Symmetrical

S14

(vi) Sawtooth wave with
postive going ramp and
instantaneous flyback.

(vii) Positive going ramp
with finite flyback time.

pulses with a slightly
negative average. Period
is longer than in (iii).

l
[
be- PERI0D |

(viii) Non-linear ramp.
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where A is the gain of the amplifier without the
feedback loop; B is the fraction of output fed back;
A Is the gain of amplifier with feedback loop.

Note something very extraordinary about this
equation if BA happens to equal 1. The value of
A’ would be A/0 which is infinity. An “amplifier”
with a gain of infinity doesn't need an input—even
an angry glance at it could plunge it into oscillation!

Example
An amplifier has an “open-look” gain A of 100.

3.2 SINE WAVE OSCILLATORS

It is not easy to generate a pure sinewave—in fact
it is impossible because transistors are not perfect
devices. However reasonably good replicas can be
obtained by trying to keep the feedback percentage
just enough (and no more) to keep the oscillations
going. If the feedback is allowed to increase above
this critical point the sinewave becomes grossly
distorted by ‘‘squaring’ at the tops and bottoms.

The frequency of the oscillations can be controlled
by using feedback circuits in which the fraction §
is only correct at one frequency. The LC resonant
circuit discussed previously in a.c. theory can be
used to provide such a frequency selective feedback
network. A very simple oscillator is shown in
Fig. 13.2a, which if adjusted correctly, can generate
good sinewaves at some predictable frequency.

FEEDBACK

Fig. 13.2a. A simple inductive feedback oscillator.

The coil L2 and variable capacitor C7 provide "the
tuned" resonant circuit, the frequency being given
by: f = 1/o/(@= L2C1). The amplifier is a conven-
tional grounded emitter stage with bias provided by
R1 and gain controllable by Rg. The feedback ''loop”
is by transformer action between L7 and L2 and we
will assume that the feedback is sufficient to maintain
oscillations.

But how do they start?

Well when the circuit is first switched on, the
first pulse of collector current through L7 induces
a small e.m.f. into L2 which trembles back and forth
into the capacitor C7 producing a tiny sinewave.
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What fraction of the output must be fed back in
phase in order to ensure osciilations?

For oscillations, BA = 1,s0 8 = 1/A = 1/100 =
0-01. This fraction is normally quoted as a percentage,
in which case we would say "1 per cent positive
feedback" is required. A value of B less than this
would not cause oscillations; A value greater is
more than necessary.

Notice from the equation that the higher the gain
A of the amplifier the less feedback is required,
which is why very high gain amplifiers are always on
the verge of instability, i.e. they change from ampli-
fiers to oscillators if the input gets a sniff of the
output (due to a wire being too close and inducing
inductive or capacitive e.m.f.s.).

Because this sinewave is fed to the base via C2 the
amplifier has a small starting signal.

Once started, the signal is amplified and fed back
again causing a higher signal, and so on. The
amplitude grows and would eventually be distorted
by the limits imposed by the power supply. To
prevent this, the gain must be adjusted (or calculated
by mathematics) so that oscillations are just main-
tained, ticking over like a car at the traffic lights.

The capacitor C2 has two basic functions, (a) to
prevent the coil L2 shorting the base to ground and
(b) acting as a kind of automatic throttle control.
The higher the signal on the base, the greater is the
base current and therefore more electrons are on
the right hand plate of C2.

Because a surplus of electrons is, by definition, a
negative change, the base forward bias is auto-
matically reduced as the signal grows—which is
what we want to prevent the oscillator going wild
and distorted. The average charge on C2 depends
on the time constant C2xRg, but the details are
admittedly difficult and (regrettably) must be filed
in a thick folder marked ‘‘for later study".

There are several modified versions of this kind of
oscillator, the two most well known are the Hartley
and Colpitts oscillators shown in Fig. 13.2b in
skeletal form only, i.e. just sufficient detail to show
the feedback loops.

Only one coil is used and the feedback fraction
depends on how far up the oscillatory circuit the
emitter is tapped, the Hartley version taps the coll
while the Colpitts version uses a capacitive voltage
divider.

b
'

Y | |

Fig. 13.2b. Simplified circuits of Hartley (left) and
Colpitts Oscillators (less power and bias supplies).
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13.3 CR SINEWAVE OSCILLATORS

THE THREE-SECTION DIPPY

The Dippy oscillator is shown in Fig. 13.3b.

From a.c. theory, we know that a single CR network
can produce a phase shift of something less than
90 degrees. If a signal is passed through two such
sections the total shift is something less than 180
degrees, and if through three sections, less than
270 degrees. In Fig. 13.3a, providing all resistors
equal and all capacitors equal, the total phase is
exactly 180 degrees at a frequency, = 1/2721/(6CR)
and the output voltage is exactly 1/29th of the input.

ct 2 c3
~V Your
I '" &l R2 RIS (OUT OF PHASE)
1% g v o J}
{a)
+Vcc
R R2 R3 R4

(b)

Fig. 13.3(a). 180 degree phase shift network (b) three-
section Dippy oscillator.

To turn this network into an oscillator, the output
is fed into a common emitter amplifier (which always
shifts by 180 degrees) with a gain of 29, see Fig.
13-3b. Since the total shift is 360 degrees the feed-
back is positive with fiA 1, so the circuit will
oscillate.

13.4 PULSE CIRCUITRY

To generate or use the strange waveforms shown
in Fig. 13.1a it is necessary to operate transistors
under rather extreme conditions. In fact we depart
from the delicately adjusted base bias (which was
found to be essential in signal amplifiers) and launch
into a kind of “all or nothing’ world.

A transistor is used as an electronic switch,
either conducting heavily or not conducting at all. The
input to the base is no longer a ‘'signal’” (in the
sense that it requires amplification); instead it is
merely a trigger to change the transistor over from
on to off or vice versa. Fig. 13.4a shows a circuit with
an actual switch in the base circuit and Fig. 13.4b
and c shows the output voltage distribution with
switch on and off. One might ask of course why
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THE WEIN-BRIDGE OSCILLATOR

There is a network called a Wein-Bridge, see
Fig. 13.3c with the following properties:

At a frequency given by f = 1/27CR the output
voltage is exactly in phase with the input (zero phase
shift) and is exactly one third of it in voltage.

To turn this network into an oscillator, the
amplifier must have a gain of 3 and must have zero
phase shift. This is achieved in the circuit of Fig.
13.3d by using two common emitter stages which
brings the final collector output in phase.

The feedback loop is therefore positive and
oscillatory.

The proof of the operations is rather difficult and
demands a little more j notation fiddling than we had
space for last time!

Rt

ct
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T {IN PHASE)
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P b
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Rg é"ct
¢
e
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Fig. 13.3(c). A Wien bridge zero degree network and
(d) the Wein bridge oscillator.

couldn’t the switch itself be used to change the
output volts from zero to 6 volts—why have the
transistor at all?

A glance at the figures however (plus a bit of
Ohm's law) will reveal that a small current in the
switch circuit “turns on” a much larger current
through the output circuit.

With such circuits, we arrange the values such
that when the transistor is “on" it is in saturation.
This means that heavy current flows through R¢
and the voltage drop across it leaves the poor tran-
sistor almost voltless! It just can't pass any more
current even if we increase the base current by
lowering Rp.

In saturation, although we may have a twinge of
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ALMOST
s ZERO VOLTS
|

2

i) (d)

Fig. 13.4(a). A simple electronic switch (b) oulput is

high due to no collector current (c) output low due to

heavy collector current (d) a simple solid state lamp
switch.

pity for the transistor, it is quite happy and relatively
cold, because although it is passing a very heavy
current, the voltage across it is very small.

Since heat is proportional to power (which is

13.5 PULSE TRIGGERING

The base can be switched on or off by a pulse
from some other circuit as shown in Figs. 13.5a and b.
If Ry is returned to ground, the transistor is off and
the output is high in the “resting” condition. The
input pulse jerks the base upwards, the transistor is
then on and the output goes low. The terms “high”

+Vee

OUTPUT

O . . 4 O

Fig. 13.5a. Input pulse momentarily swilches on
transistor.

volts times amps) the high current is cancelled by a
low voltage. In the case of a BC107 the saturation
voltage at 60mA collector current is less than 0-1
volt which would mean a power in the transistor of
0-1V x 60mA = 6 milliwatts.

We must learn how to design such a switch circuit
because a large slice of electronics is devoted to
its application. We will take as our example the lamp
circuit of Fig. 13.4d. Suppose it is a small pea-lamp
(like the two, on the Circuit Deck) rated 6V 60mA.

The battery must therefore be 6 volts and the
transistor when in saturation must be capable of
passing 0-06 amps (60mA). We shall use one of our
BC107's with its “typical’ hgg value of 200.

Now we come to a rule of thumb applicable in a
rough way to switch design: To ensure saturation
assume the hgg is only a tenth of its normal value.

Thus we take hgg as 20, which means we require
a base current of about 60mA/20 = 3mA.

Now the voltage across Rpg is about (6 — 0:6)
volts = 5-4 volts, but in crude switch circuits who
cares about such accuracy? Lets say 6 volts and
forget the 0-6 altogether—don't be horrified because
even expert designers take such short cuts when
they know it is safe to do so. This makes Rg = 6
volts/3mA = 2 kilohms. Notice the lamp is behaving
as a 100 ohm resistor which makes Fig. 13.4d identical
with Fig. 13.4a. (What a coincidence!)

One word of warning about the rule of thumb
above. There is a limit imposed by the manufacturers
on the maximum allowed base current so the "divide
hpe by 10" rule must always be subject to this limit.

and “low" are often used to describe the output
voltage state when it is unnecessary to state actual
voitages.

If Rp is returned to + Vcc, the resting state is on
and the output is low. The negative going trigger
pulse temporarily reverses the state.

+ec

o ® O

Fig. 13.5b. Input pulse momentarily switches transistor
off.

TEACH-IN '76 EXPERIMENTS AND EXERCISES

EXPERIMENT 13A

To demonstrate saturation and relaxation.

PROCEDURE
Saturation
Assemble the components on the Circuit Deck as
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shown in 13A.1, leaving S1 in the off position and the
25 kilohm potentiometer set to minimum resistance.
The lamp should be glowing reasonably well
because the transistor should be deep in saturation
(there is only the 1 kilohm resistor left in the base
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circuit). Measure the voltage across emitter and
collector to confirm VcE () is about 100mV.

Rotate the potentiometer slowly and note that even
with maximum resistance the lamp is almost as
bright although probably (depending on your speci-
men) the transistor is coming out of saturation.

Relaxation

Rotate the potentiometer to maximum resistance
and close S1. The lamp should extinguish and wili
remain off for a time approaching 20 seconds when it
will mysteriously come on again. This will happen
each time you open the switch and immediately close
it again. The off time can be shortened by reducing
the potentiometer resistance.

R1
1000

Fig. 13A1. Theoretical circuit and physical layout of
components for experimental 13A.

Explanation

With S1 open, plate B is at +4-5V and plate A is
about 0:6V. The voitage across the capacitor is
therefore 3-9 volts. When S1 is initially closed, piate
B drops downwards to zero volts, i.e. a drop of 4-5
volts. A capacitor cannot instantly loose its voltage
so plate A also drops 4:5 volts downwards, i.e.,
from +6 volts to —3-9 volts!

This means the base of the transistor is cut-off,
a state of affairs which lasts for as long as it takes
plate A to struggle up from a negative value back to
the ‘normal testing position at 0-6 volts. This
“struggle" depends on the time constant of C1 and
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the total resistance in the base circuit.

If we assume that the total voltage to which the
base is aiming is the battery +4-5V, then the time is
about 0-7CR. With a total resistance of 26 kilohms,
the time would be 1000 uF x 26kQ2x 0-7== 18-2 seconds.

The 100 ohm resistor would have negligible effects
on the calculation and is included only to protect
the battery when S1 is closed. Remember, however,
that 4-5 volts/100 ohms drains 45mA from your
batteries all the time S1 is closed and it would be
wise to increase the resistor to 470 ohms if you
intend to repeat this experiment ad nauseam.

EXERCISES

13.1 An amplifier has a gain A of 2000. What

percentage positive feedback will ensure oscilla-
tion?

13.2 A three-section Dippy oscillator using 10
kilohm resistors and 0-01 microfarad capacitors
in the feedback network. What is the oscillation
frequency?

133 A wien bridge network has 100 kilohm
resistors and 0-01 microfarad capacitors. What
would be its frequency if part of an oscillator?

13.4 The “Q” terminal of a bistable is low. What
happens if a pulse to reset is applied?

13.5 An astable multivibrator has coupling
capacitors of 0-1 microfarads and base resistors
of 10 kilohms. What is the oscillation frequency?

Answers

"xoldde 2319y g8 G'€I °39s9I Apead[e st )
asneddq ‘FurqioN F°¢r -xoidde 7319y o091 g'o1
'Xoudde z31dy (069 el WD Jd G0-0 Tl

There is a wire link missing from the physical
diagram Fig. 2 of the Couples game published in the
August '76 issue. The switches S| and S2 (Jim and
Lo.y each have an uncommitted tag—these should

joined with a length of wire.

In the Fermentation Indicator September '76 one of
the sensor leads is shown in the wrong position in
Fig. 4, 460. The lead coming from pin 13 of ICI
should be moved down one strip so that it comes from
pin 12as per circuit diagram.

On page 463 of the September issue, the switch
specified for Clunk Click Jogger should be a push-to
break, release-to-make type.
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CABLE AND WIRELESS LTD.

Ir is now over a year (August
1975 issue) since telecommuni-
cations was discussed in Your
Career in Electronics. On that
occasion the employer was the
Post Office with a virtual mono-
poly of telecommunications within
the United Kingdom.

This month we take a look at
the international telecommunica-
tions business and, in particular,
Cable and Wireless Ltd. who own
and manage a number of inter-
continental trunk routes as well
as being shareholders and
managers of a number of internal

telecommunication companies in _

other countries, principally in the
Caribbean, the Middle East and
Far East. A career with Cable and
Wireless will particularly appeal
to young people keen on work
overseas.

Cable and Wireless Ltd. is a
nationalised corporation owned by
the British nation through the
Government. It is run on strictly
commercial principles and is out-
standing among nationalised
industries in being consistently
profitable in its overall operations
although, of course, there are loss-
making sectors in areas where
traffic is minimal and yet a
service has to be maintained in
the public interest or, for
example, where capital invest-
ment for future expansion has
been made and the extra capacity
provided has not yet been taken
up by users.
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Your Career in
Electronics ........

HISTORY

Cable and Wireless has a
distinguished history, pre-dating
even the Post Office in telecom-
munications although not in postal
services. It all started with a com-
pany formed on May 18, 1868,
called the Anglo-Mediterranean
Telegraph Company Ltd. It was
at the beginning of the age of
instant world communications.

Today it takes some effort to
imagine the impact of the early
electric telegraph. In 1866 when
the first transatlantic telephone
cable was laid, news and messages
which had previously taken 12
days by sea could now be received
by wire in minutes by Morse code.

Samuel F. B. Morse, by the way,
was one of the early electrical
hobbyists, his normal occupation
being portrait painting and his
“contraption” was considered
absurd when first proposed, a fate
shared by most innovators.

The early impetus for a tele-
graph link from Britain to India
came from the Indian Mutiny in
May 1857. Nobody at home knew
about the event until it was over
and when the news eventually
broke the nation was shocked at

A student from the Cayman Islands,
operating a submarine cable test set at
Porthcurno.

the massacres carried out by both
sides. A telegraph link to India,
then the “jewel” in the crown of
the British Empire, would clearly
be of enormous value.

The Anglo-Mediterranean Tele-
graph Company laid a cable be-
tween Malta and Alexandria and
this was to be the central link.
The following year the British
India Submarine Telegraph Com-
pany was formed to lay a cable
from Bombay to Suez and the
Falmouth, Gibraltar and Malta
Telegraph Company would com-
plete the chain to England via
Gibraltar and Portugal. Signals
were taken overland between
Suez and Alexandria.

The final submarine cable link
to Porthcurno, Cornwall, was com-
pleted in June 1870. The three
companies were merged in 1872
to form the Eastern Telegraph
Company as a single group which
rapidly expanded the system in
other directions.

All the early cable companies
were formed by men of vision and
private enterprise. They risked
their personal fortunes and that
of investors in pioneering the new
science of submarine cable tele-
graphy. Each extension led to the
formation of new companies
because money had to be raised
to finance each operation. By 1888
£40 million of capital had been
sunk at the bottom of the sea but
it was earning revenue,

MERGERS

Many of the early companies
were interlocking and it was in-
evitable that they should merge
into larger units. Thus, we find
that when Cable and Wireless
Ltd. was formed in 1934 it
acquired some 28 companies and

. services which had been built up

over the years.

In 1945, one of the first acts of
the newly elected Labour govern-
ment was to eliminate private
shareholders interests in the over-
seas telecommunication service of
Great Britain, India and the
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Instructor Alan Petts explains line telephoning to three young
students from Hong Kong.

Dominions by the acquisition of
the shares by the respective
governments. The British govern-
ment acted on the recommenda-
tion of the Commonwealth Tele-
communications Conference which
had suggested such a course and
the “appointed day” for the
change to public ownership was
fixed for January 1, 1947,

In 1950 we find Cable and Wire-
- less having lost all its internal
British operation to the Post
Office and a great number of its
overseas branches had been taken
over by the local governments
concerned. But it still retained its
telegraph cable network of
155,000 nautical miles and a fleet
of cable ships.

Cable and Wireless, though now
smaller in size, still had a great
future and many technical
challenges ahead. It was the
beginning of a great electronics
era which was to see the
emergence of high capacity sub-
marine cables and the threat of
competition from communication
by earth satellite.

Cable and Wireless had been
through it all before in the 1920s
when Marconi had opened up
Empire Communications by wire-
less using shortwave and beam
aerials. The new-fangled wireless
telegraphy was not as reliable as
cable and suffered from the dis-
advantage that the signals could
be received by anybody with suit-
able apparatus and was thus not
private, but it was much cheaper
to install and run and there was
considerable price cutting on
services, to the detriment of the
cable operators.

The situation was resolved by
the acquisition of the communi-
cations business of the wireless
companies including that of
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Marconi’s Wireless Telegraph
Company although Marconi’s re-
tained its manufacturing assets.
The two services, cable and wire-
less, were henceforth regarded as
complementary rather than com-
petitive and the spirit of together-
ness was eventually reflected in
the new title of Cable and Wire-
less in 1934.

During the immediate post-war
years the first priority was further
development of the cable system
using co-axial cable and sub-
merged amplifiers (repeaters) to
maintain signal strength every
few miles. The first of the new
Commonwealth links was
CANTAT from Oban, Scotland,
to Hampden, Newfoundland, cost-
ing £9 million and providing 80
speech circuits over 2,000 miles.

The second, COMPAC, was to
connect Vancouver, Canada to
Australia and New Zealand at a
cost of £28 million and the third,
SEACOM, would link in Asian
Commonwealth countries over a
7,000 mile route at a cost of £23
million.

SATELLITES

In the late 1960s Cable and
Wireless moved into space com-
munications and today it now has
a chain of satellite ground ter-
minals as part of its world-wide
communication system, comple-
mentary to the submarine cable
network. Early fears that satellite
communications would kill off the
cable business did not materialise.

The enormous growth in inter-
national communications traffic
during the past ten years has
ensured the future of both main
systems plus others, such as radio
troposcatter and microwave line-

Satellite earth station instructor Dave Boulton in an informal
session with students from Fiji.

of-sight links where appropriate.

In fact the latest project of
Cable and Wireless is the comple-
tion of the longest microwave
system in the world linking, over
a distance of 800 miles, the chain
of twelve islands in the Caribbean
from Tortola in the north to
Trinidad in the south.

In over 100 years of history, in
peace and in war, Cable and Wire-
less was always a pioneer and
built up in the first 40 years an
unchallenged monopoly in world
communications. Today the com-
pany and its business associates
are still the world’s largest inter-
national telecommunication
operators employing more than
10,000 people in over 50 countries.

EXPANDING TECHNOLOGY

Submarine cables is still an
important part of the business
and there are six cable-laying and
repair ships in the Cable and
Wireless fleet. But the greatest
expansion in technology in recent
years has been in other telecom-
munications disciplines. If we
lock at Hong Kong, one of the
company’s principal operating
centres, we find every form of
technology employed.

Two earth satellite stations
for all types of international
traffic, including colour TV, to
destinations either east or west,
computerised Telex, a com-
puterised switching centre for
the telegraph service handling
two million messages a month,
troposcatter, h.f. and v.hf. radio
links, leased circuits for banks
and airlines which include data
transmission and message storage,
and engineering services for the
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airport. Cable and Wireless even
runs the computerised tote for
the race track and the sound sys-
tem for the City Hall.

It is said that Hong Kong as a
great trading centre has a com-
munications requirement equal to
that of the whole of the Australian
continent. And it is still expanding.
A new cable, with a capacity of
1,840 voice circuits is currently
being laid between Hong Kong
and the Philippines by cs
Mercury, largest of the C and W
fleet, and then on to Okinawa by
a Japanese cable layer. Total cost
£22 million and Cable and Wire-
less will own 40 per cent of the
system due for completion next
year.

The company’s two latest space
communications installations are
in the Seychelles and Fiji, both
inaugurated this year and now in
full operation. In the Gulf, Cable
and Wireless has earth satellite
stations at Bahrain and Dubai
with a third station at Qatar. New
Telex systems are being installed
by the company in the Kingdom
of Swaziland, and in Iraq.

Modernisation and expansion of
services in so many countries pro-
vides a strong demand for
enthusiastic engineers for design,
commissioning, operating and
maintaining Cable and Wireless
installations throughout the world.
These positions are all of great
responsibility and challenge and
engineering entry into the com-
pany is therefore relatively strict
and selective. But if you've got
what it takes to work in Cable and
Wireless the company has all the
facilities to help you along the
career path.

Loading submarine co-axial high-capacity
cable into one of the three cable tanks in
C.S. “Mercury".
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TRAINING

There are four company train-
ing colleges located at Porth-
curno, Cornwall, Hong Kong,
Bahrain and Barbados. The largest
and that of most interest to our
UK readers is at Porthcurno in
eight buildings on 50 acres of
Cornish cliffs. Porthcurno was the
original land terminal for sub-
marine cables into the UK and at
one time was the entry point for
14 cables of the British Common-
wealth network totalling 155,000
miles of ocean cable.

It was natural that the train-
ing college should be sited where
the action was and Porthcurno
has been a training centre for
more than 100 years. Some of the
early test equipment is still work-
ing and a popular exhibit with
students. Porthcurno ceased to be
a cable terminal in 1970, but some
of the old cable ends trail away
on the sea bed for 40 or 50 nautical
miles and are used to demonstrate
cable testing techniques.

About 200 students a year
attend Porthcurno Engineering
College, most being Cable and
Wireless staff from the UK and
overseas. About 100 are under
instruction at any one time, with
provision for 80 single students
in residential accommodation. The
college is completely. self-con-
tained with ample leisure and
sports facilities for off-duty hours.
As there are 30 lecturers, student
groups are small, seldom exceed-
ing 16, sometimes at little as one
person.

Many of the lecturers have
recent experience in the field,
coming into the college for a few
years, generally not more than
six, and then returning to their
normal occupations. Thus, as well
as the hard core of permanent
lecturers and administrative staff
there is plenty of up-todate
practical experience available to
students, essential with ever-
changing technology.

ENTRY REQUIREMENTS

If you are without technical
qualifications there is a long basic
course of 21 months. The educa-
tional standard required for entry
is five GCE’s minimum including
‘A’ level Mathematics and Physics
or City and Guilds Practical
Mathematics and Engineering
Science.

There is, however, some
flexibility in the mix with, for
example, the possibility of being
accepted with one ‘A’ level in
Maths or Physics, or five good ‘O’
level passes provided they include
Maths, Physics and English. The
basic course is normally for
students in the 17-23 years old
bracket, age on entry being ip the
range 17-21. You must be un-
married.

The basic course will turn you
into a technician engineer with
a leaning towards either line or
radio technology and you will then
be posted overseas to gain
practical field experience in your
chosen discipline. While overseas
you are expected to continue
studying and, if successful, you
may qualify for advanced train-
ing. If so you are likely to be
brought home for a term of 14
weeks at an external technical
college and then back to Porth-
curno for Advanced Vocational
Studies, or you may by-pass the
external college if you have
passed the appropriate exams
overseas by private study.

Finally, there are Advanced
Module courses on systems and
equipment at Porthcurno of
typically up to six months dura-
tion. Those showing outstanding
academic and practical ability
may be selected for a sandwich
course leading to B.Sc.

GRADUATES

Graduates in electrical and
electronic engineering by-pass all
the basic training but depending
on their experience and company
requirements will almost certainly
spend some of their initial service
on Advanced Module courses
after an introductory course in
the company’s role in the tele-
communications industry.

Further training is provided as
and when necessary during your
career. Note the insistence on
adequate training. You may, on
entry, be an amateur enthusiast
but you will be a professional
engineer in the end and have the
opportunity to climb the manage-
ment ladder if you show organisa-
tional and administrative ability.

Many of the top managers in
the 1,000-strong London ' head
office have been recruited from
the mobile engineering staff as,
indeed, have many of the over-
seas managers.
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Part One

By Adrian Hope

ONLY ten years ago, the phrase
“noise reduction” would have
meant muffling a noisy machine.
Now, to anyone even remotely in-
terested in audio, it means some-
thing quite different—to cut down
on process noise such as tape
hiss. Unfortunately, in the area
of noise reduction, as quadra-
phonics, it is only too easy to talk
about the subject without under-
standing it. What follows in this
and subsequent months is in-
tended as an aid to understand-
ing the whole area of hifi noise
reduction.

Rightly or wrongly, 1 believe
that one of the major causes of
confusion in the area of noise
reduction is our tendency to talk
and think of the various systems
by name rather than by working
principle. Spread between the
professional and amateur or
domestic market, the household
names in noise reduction are
Burwen, dbx Dolby, DNL and JVC
ANRS. All are different and all
are incompatible with each other.

Often there are several systems
under the same brand name
which also are mutually incom-
patible. No one explanation can
cover all systems, and some are
as dissimilar as chalk and cheese;
on the other hand others can be
regarded as much of a muchness.
As a deliberate policy, the general
description that follows as Part I
refers to no specific noise reduc-
tion system by name. Only when
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the topic has been understood in
general terms do the specifics
make sense. These will be dealt
with in the subsequent parts.

All recording and transmission
processes, be they disc, tape, film
or radio, introduce their own
noise. Attempts at reducing this
“process noise” are almost as old
as the media themselves and vir-
tually every domestic sound re-
production system, be it hifi or
lowfi, old or new, already incor-
porates some noise reduction
circuitry. Some parts of this
circuitry function automatically
and other parts are under manual
control.

TONE CONTROLS

Although the treble tone con-
trol on a radio or amplifier may
be used to compensate for in-
dividual audio peculiarities of a
programme source or an environ-
ment in which it is played, the
main purpose of the treble tone
control is to enable the listener
to cut down on high frequency
noise.

Turning the control back rolls
off some of the high frequencies
reaching the loudspeaker, and in
so doing reduces the single, most
irritating noise that encrouches on
domestic listening—hiss. Hiss of
course is the high frequency noise

generated by film grain or the
oxide particles that coat magnetic
recording tape, by the material of
a disc or by electron noise for in-
stance in a radio receiver strain-
ing to pull on a weak station.

The simplest form of noise re-
duction circuit is thus a filter that
rolls off whatever area of the fre-
quency range suffers most from
unwanted noise. The unwanted
noise may not always be high
frequency hiss, it may also be
low frequency hum or mechanical
rumble noise from a gramophone
turntable; in the latter case the
tone control simply rolls off the
low frequencies.

Refined noise controls take the
form of switchable filters which
are tuned to act in just that area
where the noise is most notice-
able, rather than simply roll off
all the top or all the bottom in
the manner of a conventional
treble or bass cut control. But
every passive network of this
type suffers from the obvious dis-
advantage that in cutting out the
unwanted noise it inevitably cuts
out any wanted signal of the same
frequency.

To use an analogy, to which we
shall later return several times, if
the violins of an orchestra pro-
duce musical notes of the same
pitch as tape hiss, rolling off the
hiss noise will roll off some of
the violin sound as well. Likewise,
if a string bass produces notes of
around the same frequency as
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mains hum, rolling off the hum
will roll off some of the string
bass as well.

Long ago it dawned on en-
gineers that one way round this
problem was to work out in
advance which frequencies would
be reduced at the reproduction
stage, by the use of tone controls
and filters, and put a dispropor-
tionately high amount of wanted
signal on the recording or trans-
mission medium at these fre-
quencies. Thus when the roll-off
occurs, the unwanted noise is re-
duced and the wanted signal will
be reduced, but only back down
to its original level (i.e. before it
was artificially boosted prior to
recording or transmission).

EQUALISATION

This technique is called
equalisation, and it accounts for
the automatically operating’noise
reduction circuitry which is
present in modern audio equip-
ment. Discs, radio broacasts and
film soundtracks are all equalised
with pre-emphasis (boost) of some
frequencies before recording or
transmission, and equalised again
with de-emphasis (reduction) of
those frequencies on playback or

reception.
A rather more complicated,
but nevertheless comparable,

situation exists for tape. Because
pre-emphasis and de-emphasis for
recording and broadcasting fol-
lows standard boost and cut
curves, there is no need for the
user of the equipment even to
know that such drcuitry is in-
cluded.

Simple, passive noise reduction
(with tone controls) is clearly un-
satisfactory, and the success of
equalisation techniques is limited
by the restrictions imposed by the
characteristics of the recording
and transmission medium. In
practice there is a very definite
limit to the extent by which
noise prone frequencies (both
high and low) can be boosted be-
fore the recording or transmission
medium (tape, disc, film or radio
wave) is over-modulated. The
signal either clips or distorts and
the final result on playback
sounds far worse than it would
with a little extra noise.

To illustrate the problem
already mentioned, Fig. 1.1 shows,
in highly schematic form how an
original sound signal may have a
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Figs. 1.1 to 1.10 illustrating boost and cut techniques at various frequencies.

notionally equal amount of low
and high frequendes. When it is
reproduced, the low and high
frequency ends can be passively
rolled off (Fig. 1.2) to reduce hum
and hiss but, with it, useful pro-
gramme material. So, as shown in
Fig. 1.3, the original signal can be
boosted at its low and high fre-
quency ends, so that rolling off
theoretically returns it to normal
(Fig. 1.4). But, as shown in Fig. 1.5,
it may be impossible to record or
transmit the low and high fre-
quencies if they are boosted too
high, so they are clipped off and
on playback (Fig. 1.6) sound dis-
torted.

DYNAMIC FILTER

Turning now to noise reduction
systems that are used in addition
to the standard practices des-
cribed above, it is logical to refer
first to the dynamic filter
approach. In many respects a
dynamic filter or “noise gate”
may be regarded as a manual

tone control which is continually
operated by an automatic and un-
seen hand. At first sight, this
seems a clumsy approach, and it
is certainly far from perfect; but
with sophistication it can give
surprisingly  effective  results,
thanks to a peculiarity of the
human ear.

Take a blank cassette, and play
it on a cassette machine without

any noise reduction facility
switched in. Note the volume
level and listen to the hiss

through the loudspeakers, caused
mainly by the random aggrega-
tion of the oxide particles in the
tape coating moving past the play-
back head. Now record a musical
passage with loud and soft pas-
sages on the tape, and replay it
at the original volume setting.
Whereas the hiss level sounded
loud when the tape was blank and
still sounds loud in the soft
musical passages, it will sound
virtually unnoticeable when loud
music is recorded on the tape.
The hiss is of course still there,
but it is drowned out, or masked,
by the music. Thus a dynamic
noise filter passes high level
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The Pioneer CT 4141 cassette tape deck with Dolby circuitry.

signals through its circuitry with-
out any effect on them whatso-
ever. But when the signal drops
in level, the circuitry detects this
and brings into operation a treble
filter which progressively rolls off
the high frequencies. In this way
the hiss is reduced just when it
would start to become noticeable
(because it is no longer being
drowned by the music) and as the
music rises in level again the
filter is taken out of operation.

It is easy to see how difficulties
can arise with the unsophisticated
adoption of this basic approach. If
the circuitry senses the overall
level of the signal present, regard-
less of its frequency content, the

. presence of a thumping bass will

bring the high frequency filter
into and out of operation. Thus
the sound of tape hiss will be
“modulated,” or come-and-go, in
time with the bass notes, to pro-
duce highly noticeable breathing
sounds. Also, no system can have
instantaneous attack and decay so
the operation of the filter will
always lag slightly behind the
signal that is controlling it.

Furthermore, the circuitry can-
not be expected to distinguish
between musical sounds in the
high frequency range (such as
violins) and unwanted high fre-
quency noise (such as tape hiss).
The latter problem becomes acute
when the violins play quietly,
perhaps producing only a little
more high frequency sound than
the tape itself.

To clarify this, Fig. 1.7 schemati-
cally shows an audio signal which
is equally loud over its whole fre-
quency range and this passes un-
affected through a dynamic noise
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filter; Fig. 1.8 shows a signal which
is equally quiet over its whole
range and which, as shown in Fig.
1.9, will have its high frequencies
rolled off when it passes through
a simple dynamic filter.

So far, so good, but see now
Fig. 1.10 which shows a signal that
is loud in its bass end with vir-
tually no high frequency content.
If such a signal pulsates (as with
bass notes), it will cause the
modulation of tape noise in a
simple dynamic filter, by pulsing
the filter circuit into and out of
operation and making the sound
of tape hiss come, and go or
breathe in time with the pulses.

Various sophistications of the
basic idea are adopted in modern
circuitry. Usually these involve
sensing the high and low fre-
quency content of the signal
separately and filtering only when
appropriate to avoid modulation
and breathing.

COMPRESSION

Many years ago, it was realised
that one method of reducing
noise (other than by gating or
equalisation with pre- and de-
emphasis) was to ensure that no
low level signals need ever be
handled by the recording or trans-
mission medium.

Consider the notional example
of a piece of classical music with
a wide dynamic range, in other
words, continuous variation be-
tween very quiet musical sounds
and very loud musical sounds. If

\

this music is recorded or trans-
mitted in its virgin state, the
quietest sounds may well end up
merging with the hiss or hum
process noise of the medium and
thus be lost on reproduction. If.
on the other hand, the dynamic
range of the music is compressed,
so that the quieter sounds seem
louder and the louder sounds
seem quieter, then there will be
no sounds so quiet that they get
lost in amongst the process noise.

By hi-fi standards the result is
unacceptable because the final
sound is unreal; but it is a com-
promise adopted in the recording
industry (for pop singles) and in
broadcasting (e.g. on Radio Omne),
where it is considered more im-
portant to have an overall meaty
signal level which always rises
above the background noise than
it is to have realistic dynamic
range.

Compression is best understood
with reference to Fig.1.11 and 1.12.
In Fig. 1.11 the constant straight-
slope transfer characteristic of a
theoretically perfect recording or
transmission chain is shown.
Whatever level signal is fed in at
one end (at levels A, B, C), an
exactly equivalent level signal
will be fed out again at the other
end (a, b, c¢). However, with the
non-constant compression charac-
teristic of Fig. 1.12, the same
signals (4, B, C) fed in will
produce an output of signals g,
b, ¢, with a squashed dynamic
range, so that there is an un-
naturally reduced difference in
their relative levels.

EXPANSION

Just as it is old to compress the
dynamic range of signals in this
manner, so it is equally old to
expand signals, to produce an un-
naturally large dynamic range.
Expansion works in exactly the
mirror-image fashion of compres-
sion. As shown in Fig. 1.13, when
the signals of level A, B, C are fed
in they emerge with an -exag-
gerated difference in level, q, b, c.
Immediately a possible solution
to extra noise reduction becomes
obvious.

If a signal is compressed in a
compressor when it is recorded or
transmitted it will have a better
chance of emerging unscathed by
noise when it is reproduced; but
of course it will be distorted in
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Fig. 1.1 Linear transfer,

dynamic range. If, however, the
compressed signal is fed through
a mirror-image expander at the
reproduction stage, it will remain
unscathed by noise but have its
original dynamic range rein
stated.

This is exactly how the so-
called compandor (compressor-
expander) system of noise
reduction works. The compandor
concept dates back to well before
the War, and it has long been a
useful answer to the problem of
noise in telephone line and other
circuits, where high fidelity is not
of prime importance. There are,
however, inherent difficulties in
compandor systems which have
always stood in the way of their
adoption in high fidelity systems.

One problem is that of over-
shoot. Both the compressor and
the expander must incorporate
circuitry which senses the level of
the signal being processed and
alters the characteristics of the
circuit to boost or reduce it
acoording to the governing com-
press or expand characteristic.
But no circuitry can operate in-
stantaneously, and some signals
may pass (or at least start to
pass) through the circuitry at too
high level. The recording or trans-
mission medium (the tape, film or
disc recorder or the radio trans-
mitter) may be unable to handle
the excessive signal or transient,
and will over-modulate, perhaps
simply clipping it off.

As anyone who has over.
recorded on tape will know, once
distortion such as clipping has
been introduced it can never be
removed. Another problem with
the  basic compandor parallels
that encountered with active
noise filters. The compandor must
in mirror image fashion follow or
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Fig. 1.12 Compression transfer.

“track” the action of the com-
pressor to restore the compressed
signal to its original form, If the
signal varies rapidly in overall
level, there may be mis-tracking.
Moreover, if a loud signal at one
pitch range comes and goes it may
cause modulation of another, such
as tape noise, with resultant
breathing sounds. Furthermore,
any error that is induced into the
signal by the compressor, for in-
stance any unintentional exag-
geration of one frequency with re-
spect to another, will be further
exaggerated in the expander.
Over recent years, different re-
searchers have adopted different
approaches to curing or circum-
navigating the problems inherent
in compandor systems. One line
of approach has been to doctor
or ‘“weight” the frequency re-
sponse of the compandor, for in-
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g |
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3 |
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Fig. 1.13 Expansion transfer,

stance by adding high frequency
pre-emphasis (artificial boasting of
all high notes) during compres-
sion, with mirrorimage de-
emphasis or de-boosting on expan-
sion. This is intended to minimise
tape modulation noise and reduce
distortion problems.

Also the sensing circuitry of
the compressor and expander has
been refined to a oonsiderable
extent, to make its action fast
enough to be inaudible but not so
fast as to introduce audible
transient distortion. Furthermore,
complex filtering arrangements
are adopted in an effort to pre-
vent the change in level of one
frequency in the signal modulat-
ing the system in its handling of
another, quite different, fre-
quency.

Next month o simple compondor ond
detoils of vorious systems.

The Grundig CN700 stereo recorder which incorporates a dynamic noise limiter.
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ONE-TRANSIS
RADIo By R.A.PENFOLD

Can receive many stations.

E VEN though this simple re.
ceiver uses just one transistor,
it is capable of receiving several
stations on the m.w. band at a
reasonable volume from a crystal
earphone. The prototype can
receive BBC Radios 1, 3, and 4,
plus the World Service of the
BBC and a couple of pop pirate
stations. It should also receive
BBC m.w. local radio stations in
areas where these are in opera-
tion.

Since the receiver uses so few
parts, construction is very simple
and straight forward and the
design is also very inexpensive to
build. The current consumption
of the set is extremely low, being
about 400 microamps, and this
gives many months of operation
at low cost from a PP3 battery.

HOW IT WORKS

A complete circuit diagram of
the receiver is shown in Fig. 1.

Operation of the circuit is as

follows: L1 is the ferrite aerial
ooil, and it is this which picks up
the radio signals and produces
small electrical signals from them.
Capaditor C1 is the tuning capaci-
tor, and this enables L1 to cover
the entire m.w. band, permitting
the desired transmission to be
received while all others are
rejected. This type of drcuit is
known as a parallel tuned circuit.
Capacitor C2 also forms part of
this tuned circuit, and it is
adjusted to give correct frequency
coverage of the m.w. band.

The electrical signals developed
across L1 are at a fairly high
impedance, and cannot be suc-
oessfully fed direct into the base
of TR1, with its rather low input
impedance. The signal is there-
fore fed from a low impedance
tap on L1. This tap is coupled to
earth at r.f. by C3, which provides
d.c. blocking, and the lower end
of L1 couples to the base of TR1.

Transistor TR1 operates as a
high gain common emitter r.f.
amplifier having L2 as its collec-
tor load, and Rl as its base bias
resistor. The positive supply is
fed to the circuit via R2 and C5
which operate as an rf. de-
coupling network.

The amplified radio signals
appear at the collector of TR1,
and are fed via C4 to D1, which
is an ordinary diode detector. The
r.f. half cycles appearing at the
output of D1 are smoothed to a
small d.c. bias by C3, and this
leaves only the audio signal. This
is fed via the lower part of L1
to the base of TRI1.

Now TR1 operates as a high
gain common emitter audio
amplifier. Coil L2 has a very low
impedance at audio frequencies (a

Fig. 1. The circuit diagram of the One Transistor Radio.
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few ohms), and so at r.f. R2 is in
eflect connected straight to TR1
collector. Equally, C5 has a very
high impedance at a.f., and so it
can be ignored. R2 thus becomes
the collector load for TR1 at af.,
and the amplified audio signal is
developed across it, From here it
is fed to SK1, and then to the
earphone. Switch S1 is the
ordinary on/off switch.

REGENERATION

From this description it will be
seen that TR1 is used to amplify
the signal twice, first at r.f., and
then after detection it amplifies
it at af. This process is known
as reflexing.

It is also possible to make TR1
amplify some of the signal twice
while it is at r.f. This is known
as regeneration and is the
purpose of C6, which is a very
low value capacitor. This sends
some of the amplified r.f. signal at
the collector of TR1 back to the
aerial, from where it is coupled
back to the base of TR1 for ampli-
fication for a second time. This
produces a very worthwhile in-
crease in gain, and also increases
the selectivity of the receiver (its
ability to select just one station
where there are two or more
close together).

The level of regeneration must
be carefully controlled though, as
if too much is applied to the
circuit the circuit will break into
oscillation, and proper reception
will not be possible.

FERRITE AERIAL

The ferrite aerial is home
made, and is wound using approx.
34 sw.g. enamelled or d.cc
copper wire on a 50mm x 10mm
ferrite rod (see Fig. 2).

If a rod of about the correct
length cannot be obtained (see
Shop Talk), then one can be
broken from a longer rod. Use
one corner of a triangular file to
cut a groove around the circum-
ference of the rod at the place
where it is to be broken. It can
then be easily broken over the
edge of a workbench at this point.

The winding starts 10mm from
one end of the rod, and the wire
is taped to the rod with a narrow
band of insulation tape. Leave a
leadout about 75mm long. Then
carefully wind 70 turns of wire
around the rod, making sure that
the turns run neatly side by side
down the rod. Space the turns as
closely as possible,
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80 TURNS

SOLDER LEAD TO
TWISTED LOOP

INSULATION TAPE TO SECURE WINDING

Fig. 2, Winding details for the ferrite coil.

After 70 turns have been
wound, throw up a small loop in
the wire, as shown in the diagram,
and then add a further ten turns
in the same manner as before.
Another band of insulation tape
is used to hold the end of the
winding in place, and a 75mm
leadout is left.

The insulation is stripped from
the loop of wire, and an insulated
lead is soldered to the loop. A
further band of insulation tape
(omitted from the diagram for
clarity) is then wound around the
tapping to prevent the coil from
unwinding at this point.

CASE DRILLING

A ready made plastic case is
used to house the receiver. This
has a front panel, on which the
unit is built, and a moulded outer
casing onto which the front panel
is screwed. Any case similar to
that specified can of course be
used, provided it is made from a
non-metallic material.

It is strongly recommended
that the general layout employed

[
FOR
GUlDANC%
ONLY o

(

ESTIMATED COST

OF COMPONENTS
excluding VAT.

£2.50

L excluding case )

on the prototype, and which can
be seen in the accompanying
photographs, is adhered to.
Deviating from this may cause a
loss of performance, or even in-
stability.

Capacitor Cl requires two short
(approximately 6mm long) 6BA
countersunk mounting screws.
These should not be allowed to
penetrate so far into the frame
of C1 that they foul either its
moving or fixed vanes. If the

 Components-5&=

Resistors

RI 6-8MQ

R2 12kQ

W £ 10% carbon
Capacitors

Cl 235pf variable (165pf+70pf in parallel or similar)

C2 trimmers fitted to Cl—see text

Cc3 10nf disc ceramic

C4 22nf type C280

C5 10nf disc ceramic See
Semiconductors Sho

TRI BC169C silicon npn

DI OA9| germanium diode 'I'al
Miscellaneous

TLI crystal earpiece with lead and plug See page 512

SK1 socket to suit TLI

BI PP3 batte?' and connector

Lt Ferrite rod 35mm long 10mm diameter and wire for coil—see text

L2 I0mH ferrite cored choke

Si d.p.d.t. slide switch (only one pole needed—see text).

Plastic or wood case approximately 100 x 70 x 50mm; control knob; 0+ 15
L inch matrix Veroboard 7 strips 13 holes; connecting wire; 6BA fixings etc.

~

527



l

‘ i
)

®

SKi1

b b

TWO CASE TYPES
FOR TRi VIEWED
FROM UNDERSIDE

A

o

O OO O O O

Fig. 3. Layout of the components on the wiring board and inter-connection details.

screws are a little too long, fit
washers over them between the
front of C1 and the front of the
case, to lessen their penetration.

WIRING

All the small components are
mounted on a 0-15in matrix
stripboard panel having 13 holes
by 7 copper strips.

When a board of the required
size has been cut out using a
hacksaw, the components are
mounted on the board and con-
nected in the positions shown in
Fig. 3. This diagram also shows
all the other wiring of the
receiver. All the connecting leads
are made of thin insulated wire,
except the two short wire

supports for the component panel.
These are made from a fairly
heavy guage wire (about 14
s.w.g.), and for ease of construc
tion should be the last conmec-
tions to be made. They are used
to secure the panel to a couple of
spare tags on S1.

Capacitor C6 is home made by
twisting together a couple of
pieces of single strand (for
rigidity) insulated wire, as shown
in the diagram.

The capacitor specified for Cl
has built in trimmers (C2) which
must be fully screwed down to
give the correct frequency
coverage. If a different type of
component is used and it is not
fitted with trimmers, then a 15pf

Photograph of the proto-
type showing layout of
components and board on
lid of case.

polystyrene capacitor should be
connected across Cl in place of
these. Note that Cl1 has two
sections and that these are con-
nected in parallel to obtain the
required capacitance swing.

The ferrite aerial is glued in
position using Bostik No. 1 or a
similar adhesive. There is a space
for the battery inside the case
behind S1 and SK1.

ADJUSTMENT

Before connecting the battery
and earphone, and switching on,
carefully check the wiring for
mistakes, and correct any that
are found.

When all is well, switch the set
on and rotate the control knob of
Cl1 to search for a station. If
whistles are heard as the tuning
knob is turned, try slightly un-
twisting the two wires forming
C6. If no whistles are evident,
then the effect of twisting the
two wires more tightly together
can be tried.

For best results the two wires
are twisted together as much as
is possible without a whistle being
produced as the set is tuned
across a station, on any part of
the waveband.
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CLEAR SKY
INDICATOR

For the amateur astrcnomer—an ‘‘elec-
tronic eye” to watch a selected area of the
sky and provide a remote indication wken
no clouds obscure the view.

Scratch and Rumble
FILTER

Get rid of those unwanted noises from old, worn or poor
quality records; reduce mechanical noise from the deck or
use this stereo filter with a cassette deck to reduce tape hiss.

Plus...
Enlarger EXPOSURE TIMER

... 2 more STARTERS
and Doing it Digitally Part 2

Make sure of your copy, place a regular order with your newsagent. On sale Friday October I5

evervday

electionics
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ding an introduc

of a new s

br revision of, di
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His SERIES describes some of

the things that can be done
with digital integrated circuits; it
does not go into the theory of
how they work, but tells what
they can do and how they can
be made to do it.

Digital circuits are the building
blocks of computer systems and
many types of automatic control.
They can also be used in the
home for all kinds of things, some
useful and some just amusing.

Because of the very large de-
mands of the computer industry,
digital integrated circuits (or i.c.s
as they will be called from now
on) are cheap and getting cheaper.

No special knowledge of i.cs,
computers, electricity or mathe-
matics is needed to be able to
build the projects described in
this series. What knowledge is
needed can be learnt from experi-
ence as the series progresses.

The circuits used in the series
require only the cheapest and
most readily available compo-
nents and most of the components
bought will be used over and over
again for building up different
projects. When the experiment-
ing is over these same compo-
nents can be built into perma-
nently useful devices.

The series has been written to
do two things: to give clear in-
structions on making a large num-
ber of useful or interesting de-
vices using i.c.s; and to provide
a basic understanding of what
can be done with i.c.s so that the
reader can design and build de-
vices of his own.

DIODE GATES

Before we look at integrated
circuits it would be as well to

By O.N. Bishop

familiarise ourselves with simple
logic gates using basic compo-
nents such as resistors, diodes
and transistors.

A diode is a two-terminal de-
vice which lets current flow easily
in one direction but not in the
other. There is a special type of
diode called a *“light emitting
diode” which gives out light when
current is flowing forward through
its

Both diodes and light emitting
diodes used in this series can only
carry quite a low current and for
this reason a resistor must be
placed in series with them to limit
the current they carry.

For the first experiment five
components are necessary: a 6V
battery; two small silicon diodes;
a 560 ohm resistor and a light
emitting diode.

The circuit diagram of Fig. 1.1a
shows how the five components
are connected and Fig.l.1b indi-
cates the physical arrangement.
Note the markings on the diodes
and the lead identification of the
le.d. These must be as shown
or the circuit will not perform
properly.

Now for the experiment.

When neither of the diodes is
connected to the positive termi-
nal of the battery does the l.e.d.
light?

Touch the free end of one of
the diodes to the positive. Does
the le.d. light?

Touch the other diode to the
positive terminal. Does the .lamp
light?

Finally touch both free ends to
the terminal. What happens to
the le.d. now?

The results obtained should look
like this:
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Fig. I.1 A simple gate using two diodes. (a) shows the circuit diagram and (b) the
physical layout

With no diode connected
Lamp not alight
With one diode connected
Lamp alight
With other diode connected
Lamp alight
With both diodes connected
Lamp alight
To put it more simply:
If one or the other or both
diodes are connected, the lamp
lights. Connected any other way,
the lamp does not light.

PROBLEM SOLVING

This circuit could be used to
solve a very simple logical prob-
lem: Suppose a person likes to go
to the cinema whenever there is
a thriller showing and he also
likes to go on Fridays whether
the film is a thriller or not—just
for the sake of a weekend treat.
His preferences could be ex-
pressed as “he goes to the cinema
if the film is a thriller or if the
day is Friday or if the film is a
thriller and the day is Friday,
otherwise he does not go”.

Connect one diode when there
is a thriller and the other when
it is Friday, the lamp will light
when he should go to the cinema.

A very simple problem and one
that really did not need a circuit
to solve it—but then this is a very
simple circuit.

THE “OR” GATE

The circuit is one of the
simplest logical circuits—it solves
problems involving the term “or”.
If two events are possible (such
as the film being a thriller and
the day being Friday, or one or
the other diode touching the bat-
tery terminal) then the lamp will
light when either one event
occurs OR the other or both. It
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will stay out when neither event
occurs (the film is a western and
the day Wednesday).

The circuit of Fig. 1.1 really
consists of two parts: one part
is made up of diodes and per-
forms the or logic—this part is
called the or gate; the L.e.d. and the
560 ohm resistor were merely there
to indicate the state of the gate—

- -

NEITHER

s =

OR THE OTHER____
(¢}

whether it was open or closed.
Other ways of indicating the state
of the gate could have been used,
such as a voltmeter as shown in
Fig.1.2.

In Fig. 1.2 parts of the circuit
which are at or near the voltage
of the positive terminal of the
battery are shaded. These parts
are said to have a “high” poten-
tial. Relatively speaking, the rest
of the circuit is at a “low” poten-
tial.

If a voltmeter reading up to six
volts is available these results can
be verified.

The four diagrams can be sum-
marised by making out a table
to show which parts of the dr-
cuit are high and which parts low.
Write H for high and L for low.
The results are shown in Table 1.1.

This kind of table is called a
“truth table”. It shows the output
of the or gate for all possible
inputs—all possible ways the
diodes could be connected.

This or gate is the simplest one
to construct and it has been des-

|

HIGH

9

ONE-——- (b)

OR BOTH

(d)

Fig. 1.2 The four states that the circuit of Fig. I.] can take. The shaded wires
indicate parts of the circuit which are **high”

Table 1.1. Truth Table of Fig. 1.2

Inputs Output
Diode | Diode 2
L L L
L H H
H L H
H H H
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( Components-2&9=

Semiconductors
IN914 or similar silicon diodes (4 off)
TIL209 or similar l.e.d. §4 off)
2N2926 silicon npn transistors 2 off
SN7402 quad 2 input NOR gate (1 off)
SN7400 quad 2 input NAND gate | off)
SN7473 dual )-K bistable I of
SN7493 4-bit binary counter I o

Miscellaneous

0- 1 inch matrix Veroboard 36 strips by 50 holes (1 off)
Soldercon pins (200 off)
High impedance (crystal) earpiece (1 off)
approx 60mm moving coil speaker (I off)
1kQ2 carbon potentiometer (log) (I off)

Resistors
1500 W (4 off) Capacitors
150Q W (I off) - luF polyester (2 off)
5600 W (I off) all £ 10% | uF elect. 16V (2 off)
10kQ2 iW 2 off) 470uF elect. 16V (2 off)
2.2kQ W (2 off)

Sseeho
Tal

Page 512

| -5V, HP7 batteries (4 off) with holder to make 6V battery with connector

k Connecting wire—single strand—300mm lengths various colours (4 off) Y,

cribed in detail to show how elec-
tronic componeants can be con-
nected to solve logical problems.

Usually, many more gates are
needed to solve the sort of prob-
lems encountered in normal life
and many more gates are needed
to solve the sorts of problems
which interest scientists, or to
perform mathematical calcula-
tions. In later parts other types
of gate will be described as well
as the uses to which they can be
put.

FOUR INPUT GATE

Before leaving the or gate, try
to work out what would happen
if, say, four diodes were connected
to make a gate. The dcircuit is
shown in Fig. 1.3 and if four
diodes are available the dircuit
oould be constructed to check the
results.

If one or more of the diodes is
connected to the postive terminal
(i.e. is made “high”) the lL.e.d. will
light (output high). In other words,
if A orR B or C or D or any com-
bination of these is high the out-
put is high.

The truth table is shown in
Table 1.2.

It will be seen that there are
15 ways of getting H and only
one way of getting L as the out-
put.

The logical problem requiring
this circuit might be “a person
goes to cinema if there is a thril-
ler or if it is Friday or if there
is no good programme on TV or
if a friend invites him. Will he
go tonight or not?”
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With all those H outputs it
seems that he must be very fond
of the cinema! But suppose his
friend does not like westerns—
what does he do then? This re-
quires some logic which is a bit
more complicated and to solve it
some different gates are needed.

UL L

TRANSISTOR SWITCHES

In constructing a radio or ampli-
fier it helps a lot to know how a
transistor works. In this series it
is simply being used as a switch
so it is not important to know
how it works only what it will
do and how it is used.

The majority of transistors have
three leads coming from them,
some typical ones being shown in
Fig. 1.4. The three leads are con-
nected to parts inside the transis-
tor called the base (b), the collec-
tor (c), and the emitter (e).

To see how the transistor
operates connect it in the circuit
of Fig. 1.5. Leave the final con-
nection to the positive until the
circuit has been checked against
the wiring diagram.

Connect the led. to the posi-
tive terminal of the battery. This
cumpletes the path from positive.
through the lLe.d. and the resistor,
through the transistor and so to
the negative terminal of the bat-
tery.

Is current flowing through this
path? If it were the le.d. would
be alight. Since the le.d. is not
on it is clear that the transistor

V4
D5 (=
Ot D2 DS D TIL209 CAD
D1-D4
IN9t4
Rt 5600
Fig. 1.3 A four input diode gate
Table |.2. Truth Table of Fig. 1.3
Inputs Output

A 8 G D

L L L L L
H L L L H
L H L L H
L L H L H
L L L H H
H H L L H
H L H L H
H L L H H
L H H L H
L H L H H
L L H H H
H H H L H
H H L H H
H L H H H
L H H H H
H H H H H
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(a)

(c)

Fig. 1.4 Four types of commonly encountered transistors showing lead
identification

must be preventing the flow of
current.

Keeping the l.e.d. on the bat-
tery positive, touch the free end
of the 10 kilohm resistor on the
battery negative. Does the l.e.d.
light?

Finally touch the 10 kilohm
resistor on the battery positive.
Is the le.d. on?

The transistor is acting as a
switch — when the resistor is
touched to negative (or discon-
nected) the switch is off, when
to positive it is on.

WHY THE TRANSISTOR?

It might be wondered why the
transistor is needed as a switch—
why not an ordinary type?

There are several reasons: an
ordinary switch has to have some-
thing to push the lever across—
usually a finger—a transistor
switch is operated by electric cur-
rent; a transistor switch operates
much faster than a mechanical
switch—this being very impor-
tant in computers where there
are millions of switching opera-
tions to be carried out; a transis-
tor switch is very reliable—it can
switch on and off millions of times
without breaking down — an
ordinary switch would be worn
out with such treatment.

There is still one point which
could cause some bother: if a
resistor is necessary to the bat-
tery to switch the transistor on,
why not do away with the tran-
sistor and simply have the le.d.
and its resistor wired in series?
The le.d. would then light when
the 560 ohm resistor was touched
against the battery terminal!

The answer lies in the amount
of current required to light the
lamp. In the dircuit of Fig. 1.5,
current passing through the l.e.d.
when it is alight is about 13 milli-
amps (0-013 amps). When the 10
kilohm resistor is connected to
positive, the current passing
through it is only 0-5 milliamps
(0-0005 amps), see Fig. 1.6.
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By using the transistor a very
small current can be used to
switch on a current large enough
to light the lamp. This is a very
useful way of saving power. It
means that small batteries or light
duty mains power supplies can be

AN
5 L)
\_/
D1
TIL209
R2
5600 .
RI =
10k BI |
v |
[4 .
-
o TR1
2N2926
e
o= y
(a)

used and that very little heat is
generated in the drcuits.

Also it means that the transis-
tor can be switched by devices
such as photocells which produce
only small currents, and that the
transistor can be used to drive
devices requiring large currents
such as relays, motors and indi-
cator lamps. Later in the series
many circuits using transistors as
switches will be found.

Before leaving Fig. 1.5, try writ-
ing a Truth Table for it. The
solution is shown in Table 1.3.

Next month integrated circuits
proper will be described together
with a special re-useable board
(as shown on the cover of this
issue) which can be used for a
multitude of experiments.

(b)

Fig. 1.5 The transistor used as a switch. The circuit is shown in (a) and the physical
layout in (b).

Table 1.3. Truth Table of Fig. 1.5

Inputs Output
(Connection of 10 (State of
kilohm resistor) l.e.d.)
L L
H H
0] ‘
TIL209
SMALL
R -
CURRENT (L:GR%NT ¥ o
= v
—_
TRI .I-
2N2926

(a)

(b)

Fig. 1.6 (a) shows that a large current (relatively speaking) is needed to switch
the L.e.d. on whereas at (b) a tiny current and a transistor achleve the same end.
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Can be used for normally

Tms article shows the develop-
ment of a thyristor burglar
alarm control module from a
basic circuit to a full function
module with testing facilities. The
finished drcuit can be built on
a piece of stripboard 12 strips by
28 holes.

THYRISTOR OPERATION

The thyristor uses a small cur-
rent in the gate/cathode circuit
to control a large current in the
anode/cathode circuit (Fig. 1).

Until triggered by a small cur-
rent (Iy) in the gate circuit, no
current can flow from anode to
cathode. When a current is applied
to the gate the device starts to
conduct between the anode and
cathode and internmal feedback
causes it to remain in a conduct-
ing state even if the gate current
is removed.

Conduction continues until the
current through the thyristor
drops below the ‘“holding cur-
rent” at which point the internal
feedback is insufficient to main-
tain conduction and the device
returns to its “off”’ state.

The theoretical symbol and the
lead configuration of the thyristor
used in the article are shown in
Fig. 1.

GATE CIRCUITS

For alarm circuits there are
two different conditions which
must operate the thyristor, either
opening a normally closed switch
or ciosing a normally open switch.
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"open” and normally “closed” systems.

Referring to Fig. 2a, if points 4
and B are connected to a nor-
mally closed switch the current
through R1 is shorted to the nega-
tive rail and no curreat can flow
into the gate. When the switch is
opened current flows into the
gate and triggers the thyristor.

In Fig. 2b points C and D are
connected to a normally open
switch, closing the switch applies
the supply voltage to the gate
through R2. Resistor R3 is used
to decrease the semsitivity in this
configuration, as without this the
thyristor can trigger with as much
as 2 megohms between C and D.

CSR1

Fig. 1. Thyristor circuit symbol and
lead-out details of the CI06BI.

+
R1 R
A CSR1
8 O =
(a)
c O T
(o] R,
R2
R3
CSR1
(b}

Fig. 2. (a). Breaking link between AB or
(b) making CD-——operates thyristor.

BASIC ALARM

The two gate circuits are used
together in the basic alarm shown
in Fig. 3. Diode D1 has been in-
corporated so that the normally
closed loop does not short the
gate to the negative rail which
would prevent the normally open
circuit triggering the thyristor.

Capacitors C1 and C2 suppress
any transients or ‘“spikes” picked
up on the wiring, which may acti-
vate the alarm. Resistor R4 en-
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OPEN LOOP

sures that the current through
the thyristor does not drop below
the holding current.

One of the disadvantages of this
circuit is that the bell rings if the
alarm is switched on when a
fault is present. The remedy is
simple, a test switch is wired up
so that when it is operated it
applies power to the circuit but
not to the bell, which can only
ring when the on/off switch is
operated. The additions needed
for this are shown in Fig. 4.

ESTIMATED COST

OF COMPONENTS
excluding VAT.

£4.00 excluding
remote switching
kloops and bell

J

When S1 is closed the circuit
operates as before except that if
a fault is present D4, an le.d.,
lights and the bell remains silent.
Closing S2 enables the thyristor
to ring the bell

If one of the battery leads
should become disconnected or
the battery go flat, then pushing
the test button would not cause
the lLed. to light, which would
seemn to indicate that the alarm
can be switched on, the alarm
however, will not operate.

A more definite indication of
the condition of the alarm would
be given if operating the test
switch caused either a “fault” or
a “clear” indication, as failure of
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Fig. 3. The gating circuit for both
normally open and normally closed
systems.

Fig. 4. Incorporating a test switch
and “test” indicator.

e +12v

bl
-
o
~

RS

O O= 9 0
S1 TEST

03 ON/OFF

BELL
ot OUTPUT

c2
CSR1 |

one or other of the indicators
to light would point to a fault
in the control system itself.
Another useful facility would
be a “bell test” switch which
operates the alarm independently
of the on/off switch and allows

I S S

the user to test the module as
well as the bell.

THE FINAL CIRCUIT

The circuit which includes the
above testing facilities is shown

(
Components-&&)=
Resistors
RI 100k
R2 100kQ2
R3 33002
R4 5600
RS 3300
R6 3300
All § W £+ 109 carbon
Capacitors
gl 0- |uF C280 type
c2 0- | uF C280 type
Semiconductors
CSRI C106BI thyristor
DI-D7  IN400! diodes (7 off)
D8 TIL 209 red l.e.d.
D9 TIL 209 green l.e.d.
Miscellaneous
S| s.p.s.t. key operated switch
S2 s.p. push to make button
S3 s.r. push to make button
Veroboard 17 strips by 28 holes by 0-
block, connecting wire
NOTE:

Materials and components for the protective switching loops are not in-
cluded in this list, nor is the alarm (bell etc.) or a power source. These must
\ be selected to suit the protected property.

~

See
Saik

See page 512

15 inch matrix, 8 way plastic terminal
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+12v

Bty

TEST

Fig. 5. The circuit diagram of the Burglar Alarm system.

in Fig. 5. The bell test simply
switches the alarm on and simul-
taneously applies a trigger vol-
tage to the gate circuit to ensure
the thyristor switches on and
therefore rings the bell.

The bell test may also be used
remotely as a “personal attack”
alarm by using latching switches.

The “clear” indicator is wired
in such a way that if the thyristor
switches on (fault condition) it
shorts R6 to the negative rail and
the l.e.d. (D9) does not light. If the
thyristor stays switched off (clear

condition) the l.e.d. draws current
through R6 and lights.

Diodes D2 and D3 prevent the
l.ed. drawing current when the
alarm is switched on by blocking
the voltage at the junction of RS
and the anode of the thyristor,
and also the voltage at the
cathode of D4.

CONSTRUCTION AND USE

The layout of the final circuit
is shown in Fig. 6. No details are
given regarding a suitable cabinet
as the size of this is determined

Fig. 6. Layout of components on the board and wiring up details.

NO BREAKS ALONG COPPER
0§ STRIPS ON UNDERSIDE

Te o ———
AND §2 e

|

mainly by the size of the chosen
battery.

As the standby current drain of
the module is only 120 micro-amps
the important consideration is the
ability of the battery to supply
enough power to operate the bell
for a reasonable time.

Althoughdesigned for use on 12
volts, this is not critical, the proto-
type worked down to 4 volts. The
circuit can be powered by three
41; volt bell batteries connected in
series without modification.

In use the alarm will activate if
the normally closed loop resist-
ance increases to 10 kilohms or
greater, or the normally open
loop decreases to 10 kilohms or

less. These figures
vary from thyristor
to thyristor depend-
ing on the sensitivity
of the device used.

One prototype was
able to withstand a
short circuit across
the bell terminals
with a current of 6
amps through the
thyristor for one
minute without any
ill effects. It also
withstood a gate cur-
rent of 45mA for
one minute which is
\about 80 times the

o3ve
B 12v
—ve

000 0000000000000 0OO0QOO0O0O0O0LOLO
S| e o
S$2 aa)® o
o e o
re {:—:
(08) k | amaeead® o
o o
a2 o
o o
o o
GREEN
(09 o 0
o o
k| ===e pe
o o
o o]
o (o]
o o
o 0000
u Haetl ; S
NORMALLY NORMALLY  BELL TEST BELL
CLOSED OPEN AND PERSONAL  (wD1)
LOOP LOOP ATTACK (S3)
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maximum.

Wiring of the pro-
tected property is
left to the con-
structor.
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by Anthony John Bassett

H ERE is a drawing of the older

design, which relies on a
‘change in air-pressure for Iits
effect.” The Prof. quickly drew a
diagram on his sketch pad, see
Fig. 1.

“The distance between the lever
and contact A is adjusted so that
natural variations in air pressure,
or small changes in the speed of
the fan, will not set off the alarm,
but if an entrance sufficiently
large to admit a human being is
made, the alarm goes off!

“A second contact, B can be
added, and this may be connected
to a separate bell if the system
is required to give a warning of
high air pressure for some other
purpose.

—ve

ANEROID CAPSUWLE

Fig. |. As pressure reduces, moving
lever applies power to bell via spring.
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LATCHING RELAY

“A latching relay can be added
to either of the contacts to keep
the alarm ringing even if the
lever returns to its normal posi-
tion in between them.”

“Prof., I've forgotten how a
latching relay works I wonder
whether you would explain it to
me,” Suzy requested.

“Certainly Suzy” said the Prof.

The Prof. drew another sketch
on his pad see Fig. 2. “This is a
circuit similar to the alarm on
the previous sketch (Fig. 1) but
with contacts A and B joined to-
gether so that the alarm will go
off for either high or low pres-
sure. When the moving lever
touches either contact A or con-
tact B, current flows through the
relay coil, the relay contacts move
over and this allows current to
flow through the alarm circuit.

“When the moving lever moves
away from the contacts A and B,
the current ceases to flow through
the relay coil and the alarm
ceases to sound. But there is
another set of contacts on the
relay, and if switch S1 is closed,
the circuit operates differently, as
the relay ‘latching action’ can
then occur.

“When S1 is closed, this puts
the extra pair of contacts in paral-
lel with contacts A and B. As soon

as the moving lever touches A or
B, the extra set of relay contacts
closes and keeps the relay coil
energised so that the alarm now
continues to sound even if the
moving lever no longer touches
contacts A or B.

“Now, to stop the alarm, switch
S1 may be opened, and the alarm
will then stop only if A and B are
also open circuit. You can easily
see how switch S1 controls the
latching action of the relay; by
operating S1 you can choose
whether or not latching action can
occur.”

T0 SPRING +ve
1 S1
RESET
B8 RLA1Y RLA2
V—O—i—A —_—
A
i :Dwm
RLA
2
—ve

Fig. 2. Barometric alarm with latching
relay and reset switch.
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“Thanks, Prof.,” said Suzy
gratefully, “I remember now how
a latching relay works. It seems
to be a very useful device, and
I suppose that most burglar
alarms make use of a latching
relay circuit or an electronic
equivalent of it.”

“Yes,” the Prof. confirmed, “I
suppose that latching relays are
amongst the earliest types of
electrically operated devices
which have some form of a
‘memory’.

“Now although there exist a
great many electronic circuits,
such as bistable circuits, and de-
vices such as the CSR, which can
be used for memory purposes, and
which will in many cases act as
replacements for relays, another
very useful technique is to use
electronic devices in conjunction
with relays.”

“Oh”! remarked Bob, “was one
of your earlier visitors doing
something like that? I noticed a
gentleman with fluorescent bright
green fingers; he was carrying a
green relay, a number of green
transistors, and resistors covered
in green stripes on a green back-
ground. I did not dare go too near
in case I caught the gardening
bug!”

“Yes” remarked the Prof. “It
can indeed be very infectious; I
find gardening quite fascinating
and, as with most fields of human
endeavour, electronics can be very
useful to the serious gardener in
quite a number of ways.

“l have been discussing with
my visitor, Percy Flower, an avid
gardening and electronics en-
thusiast, a number of circuits
which could be useful, and one
of these, a barometric alarm cir-

Fig. 3. The transistor is used to reduce
the current through the contacts A
and B and also through latching
contacts.

10 SPRING _ +ve
b
RESET
: —
RLAY RLA2
8
00— c
a g 4 €
H)WD‘I
B [CRA
a1

cuit, is very similar to the baro-
metric burglar alarm which we
have just been discussing.

“Like the burglar alarm, it has
an aneriod capsule and spring,
and contacts A and B for low and
high pressure respectively. How-
ever, as changes in the weather
occur more frequently than the
burglary of well-protected
premises, Mr. Flower found that
the contacts A and B on his baro-
metric alarm circuit were be-
coming eroded by the relay coil
current, and sometimes they
would stick to the moving lever.

“Now although he tried putting
a paper capacitor, and also a
diode, in parallel with each of the
contacts, what my visitor really
wanted was a circuit which would
greatly reduce the current
through the contacts A and B
without reducing the current
through the relay coil to an extent
where it would be insufficient to
operate the relay.

“A very simple way to reduce
the contact-current by the use of
only one transistor, one capacitor
and one resistor, can be used, and
this reduces the current by a fac-

T .

tor equal to the d.c. current gain
of the transistor.”

The Prof. drew another circuit
on his sketch pad to illustrate this
as can be seen in Fig. 3.

“If the transistor has a current
gain of about 50, when the con-
tacts close, they will supply a
small bias current to the base
of the transistor which will start
to amplify, so that a much larger
current will flow from the collec-
tor to the emitter and into the
relay coil. So if the gain of the
transistor is about 50, the current
flowing through the contacts will
be about 50 times less than if the
relay coil were directly connected
to the coil as in the previous two
circuits.

“Of course a small current also
flows through the resistor and
charges the capacitor when the
contacts close, but in terms of
contact erosion this is also very
small.”

I'M .PLEASEP TO HEAR
YOU FIND MY TOUCH
SENSITIVE POOR ALARM
INTRIGUING. ..

AS A MATTER OF FACT,
YOU'RE THE SEVENTH
PERSON IN THE LAST
HALF-HOUR WHQ COuLD

NOT RESIST...)




Tm: advent of VLCCs (Very Large Crude Car-
riers) and supertankers, by which is meant
vessels over 150,000 tons, has produced new and
very difficult problems for their Masters and
pilots. Years of experience of ordinary vessels
give pilots uncanny extra sensory abilities, in
much the same way that London bus drivers
thread their way through traffic seemingly with-
out a care in the world. A pilot, by definition,
is a specialist in topography, both visible and
underwater, of the port and, where appropriate,
the esturial approach in which he operates.

In the ordinary course of his business he has
come to depend largely on transits, observing
familiar landmarks in relation to the jackstaff
in the bows. By long experienoe he knows that
when a certain, buoy, light or landmark is in
line that he should then apply so much helm,
and he is proficient at estimating rate of swing
against a familiar skyline. He is also sensitive
to physical accelerations and decelerations of
the vessel. But the new very large ships have
upset all this.

The enormous size of these vessels, most of
which have the bridge mounted aft, means that
the jackstaff may be up to a quarter of a mile
away from the pilot, the immense weight means
considerable difficulty in stopping and very slow
rates of acceleration, and the steering becomes
very sluggish at slow speeds. But the greatest
difficulty of all comes in the estimation of speed.
A Decca Radar engineer during the sea trials of
the present equipment boarded a VLOC at sea
and was under the impression that the ship was
still stationary when it was making 7 knots.
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A pilot would make a far better estimation,
but this simple example of a layman’s experi-
ence highlights the extraordinary unreality of
the environment of a VLCC even in good visi-
bility. In bad visibility it may not be possible to
see the tugs or the bows of one’s own ship. Tidal
velocity is a big factor. For ordinary ships one
may estimate the effect by observing the move-
ment of surface water. For deep draught VLCCs
an undercurrent in the opposite direction to
surface movement may have greater influence.

The pilot and helmsman may be regarded in
engineering terms as parts of a multi-loop feed-
back system correcting errors in position and
course. To achieve the desired result the inputs
must measure linear and angular velocity and
acceleration. In conventional pilotage these in-
puts are available to the pilot through his
natural senses and his responses are conditioned
by his repeated experience, becoming more re-
fined as his judgement and skills improve. Put
the same man aboard a VLOC and though his
skills are the same his judgement is impaired
because the quality of his mputs becomes effect-
ively degraded.

ON-BOARD AID

There are of course instruments available
such as gyro compass for direction, the log for
speed and the Deocca Navigator system for posi-
tioning but none are sufficiently accurate or in-
stantaneous to be of service to a pilot in the

*Decca Radar.Ltd.
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Decca Radar Coverage at the Port of Mitford Haven

particular instance of a supertanker making the
final approaches to a port. The position is par-
ticularly acute at Milford Haven where there is
a sharp turn to be made before the final
approach to the oil terminals. It is vital to turn
accurately, i.e. not too soon or too late or the
confines of the channel may be exceeded; and
not going too fast or the vessel will overshoot.

It takes a mile or more to stop a supertanker
at about 7 ka., but too slow a speed loses steer-
age way. Something had to be done and the Mil-
ford Haven Conservancy board, after consulta-
tion with the pilots, called for an on-board aid
from Deoca, which the company has developed
from an original concept by the Royal Radar
Establishment, Malvern.

The design philosophy was based on the
following features:

(a) The aid should be operative for the
whole of the approach, turn and slow-down
phases.

(b) It should inform the pilot of speed, dist-
ance from predetermined points and devi-
ation from leading lines throughout all
phases.

(c) The information should be precise and
presented in easily readable form.

(d) There should be safeguards against any
ambiguities of measurement from whatever
reason.

(e) That self-check facilities be incorporated
and that any malfunction is immediately
apparent.

(f) The on-board equipment should be fully
portable and operate independently of
ship’s power system and ship’s normal navi-
gation equipment.

(g) The internal power supply must be of
sufficient “life” to last throughout the
approach phase.

The eventual system, known as the Channel
Approach Aid, consists of an onboard unit (the
Aid) working in conjunction with any number
of permanent shore beacons (there are three at
Milford Haven, but we will only consider one
of these here. The Aid, (self-powered by bat-
teries) about the size of a brief case and weigh-
ing 22lbs, is taken onboard with the pilot when
he embarks in the outer approaches to the har-
bour. He places it in the bridge window so that
it is facing approximately in the direction of the
desired beacon, selects this beacon and switches
on.
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The pilot is then provided with a running
record on bright digital displays of range (nauti-
cal miles or feet), speed (knots or feet per min.),
and offset (feet) either side of the leading line
(the beacon having of course been placed in line
with the centre of the channel). Range can
either be to the beacon or any other predeter-
mined point in between; in the case of the first
beacon at Milford Haven it is to the turning
point. :

HOW THE SYSTEM WORKS

The principle of operation is not too compli-
cated. The main complexities arise from the
coding systems of the pulses and the very exten-
sive built-in validity checks. The consequences
of a stranding are terrifying in all aspects, finan-
cial (ship and cargo are valued in tens of mil-
lions of pounds), pollution (a constant anxiety),
and danger to crew, not to mention dislocation
of the entire port. So system integrity is a must.

As in all radartype ranging systems advan-
tage is taken of the constant velocity through
space of radio waves. By measuring the time
interval between the transmission of a pulse
and its return from a target it is possible to
determine range. For ordinary surveillance pur-
poses, radars transmit a very powerful pulse
and receive back the scattered reflections from
one or more targets which themselves are com-
pletely passive, taking no active part in the
operation,

In the case of the Channel Approach Aid
interest is centred on a single target, the shore
beacon. The latter is an active device with a
receiver and a transmitter which, when a signal
from the Aid is detected, actually transmits a
reply. This system has two prime advantages:
(a) The response signal is very many times

+ stronger than that from a passive reflector

thus enabling a very low-power transmitter
to be used in the Aid and a comparatively
insensitive receiving system.

(b) A coding system may be used to ensure
that no response is possible from the shore
beacon unless a genuine interrogation from
an Aid is reoeived.

COMMUNICATION

We now have a basic radar-type ranging
system with a communications link superim-
posed. The on-board unit and the on-shore unit
can, in effect, “talk” to each other. We might
imagine the ‘“conversation” in human terms:
Aid (selected to Beacon 1), ‘“Hallo Beaoon 1,
are you receiving me?”

Beaocon 1 receives the signal but is so pro-
grammed that it remains mute to any signal
other than that coded for Beaocon 1. So before
it replies it examines the signal carefully to’
make sure that it is a genuine signal from an
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Aid and addressed to itself. Having satisfied
itself that the signal is valid it replies, “Receiv-
ing you loud and clear.”

The Aid, happy to get a reply, nevertheless
remains suspicious and decides to try again, just
to be on the safe side, and the dialogue is then
repeated. The reason why such repetition is
needed is that microwave transmissions will
bounce off objects in the vicinity. If, for example,
another ship is up-channel it could be that the
shore beacon is not receiving the line-of-sight
signal from the Channel Approach Aid but a
reflection of it from the other ship. Reflections
can also be received from objects on the shore-
line. In either case a single interrogation may
produce a response because the code is correct,
but the range measurement will be wrong un-
less the transmission path is direct line-of-sight
and not via a third object.

In practice one may expect multiple reflec-
tions which are constantly changing with the
movement of own-ship and the relative move-
ment of other ships. In the ordinary way such
interfering signals are greatly reduced by using
highly directional aerials which give a sharp
pencil beam. But in the case of the Aid the
beam width is wide because of limitations in
aerial structure in a small volume of space,
and because a very highly defined beam would
present considerable difficulties in alignment to
acquire the shore beacon in the first instance,
and then constant re-positioning of the equip-
ment to keep it in line with the beacon as own-
ship’s head:ng is changed. One may also expect
very strong interference pulses from radars on
other ships which may superimpose themselves
on the pulses of the Channel Approach Aid
system.

IDENTIFICATION

The problem of identification is solved by the
coding in the signal format. No response can
be triggered unless the signal carries the cor-
rect beacon code. The decision as to whether
true range is being measured, as distinct from
a spurious range caused by reflection of the
signal from other objects, is made by the in-
ternal circuits of the Aid.

The concept of repeated interrogation has
already been touched upon. The Aid makes a
total of 100 interrogations (99 interrogations
when switched to nautical miles/knots) in rapid
succession in a burst of signals. As each interro-
gation is made the reply is compared with those
from previous interrogations, any inconsistency
detected causing the reply to be rejected. In
order to achieve 100 correct replies the Aid
makes up to 256 interrogation attempts. If still
unsuccessful it has a further 256 attempts, dur-
ing which it ignores the offset part of the reply
in order to increase the likelihood of obtaining
a valid speed and distance answer.

Everyday Electronics, October 1976

Only after 100 interrogations have been
successfully and consecutively concluded is the
signal regarded as valid and an average is
determined. After a lapse of 13-2 seconds a
second burst of interrogations takes place and
if this, too, is successfully concluded a second
average is taken and the speed is computed
from the elapsed time (i.e. distance run) be-
tween the two bursts. Range and speed are
shown on the front panel displays which are
updated approximately every 14 seconds.

A further protection in the Aid is provided
by a threshold detection circuit in the receiver
which only accepts signals above a certain
amplitude, thus rejecting any signals which are
fading badly. An Automatic Gain Control sys-
tem prevents overloading when very close to the
shore beacons. Another possibility, that either
the on-board unit or shore beacon might receive
spurious reflection from their own transmissions,
is obviated by allotting them different trans-
mitter frequencies.

SIGNAL FORMAT

A simple signal format is used consisting of
two pulses transmitted in succession from the
Aid. The spacing may be set to any one of four
pre-set intervals of time in the range 13-6 to
53-9 microseconds by the beacon selector switch
on the front panel. The shore beacon receiver
has a circuit which will only accept pulses with
a particular spacing and only when a pair of
matching pulses is received will it respond with
an identical pair. These are then followed by
a third pulse the timing of which (in relation
to the second pulse) is dependent on the direc
tion from which the second received pulse was

The Decca Channel Approach Aid. Weighing 22lbs,
and transported in a waterproof covering this is taken
aboard with the pilot. At Milford Haven it functions in
co-operation with one of three shore beacons, as
selected, to provide speed, distance to any pre-
determined point and distance offset either side of
the leadline. The Aid is entirely independent of any
other system and incorporates its own batteries.
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received. The time delay of the third pulse in
relation to the second is proportional to the
difference in bearing between the Aid and the
leading line on which the shore beacon is
aligned.

BEARING MEASUREMENT

The shore beacon has a much more elaborate
aerial system than the onboard unit. Basic
operation is on the interferometer principle.
In this case there is a horizontal array of five
aerial elements. No. 1 element is only for receiv-
ing radar data and transmitting back to the
onboard unit. No. 2 is a reference for 3, 4 and
5. The baseline of the array is at right angles
to the leadline of the channel.

If the Aid is plumb on the leadline all the
aerial elements will receive its signal at the
same instant, but as soon as the Aid moves off
to one side the path of its signal will be progres-
sively shorter to the elements on that side and
longer to the others; because the waveform
has further to travel the phase on arrival will
of course be different in each case. After
measurement of this difference by a phase com-
parator unit a signal is derived which is propor-
tional to the azimuth angle—or bearing—from
which the signal came. Offset (in these cases
of very small angles) equals range times the
angle in radians.

Aerial elements nos. 3, 4 and 5 are necessary
because, especially at the wider angles of inci-
dence, the phases repeat themselves to cause
ambiguity. Also, the further from the reference
the more accurate the measurement. Accord-
ingly a logic unit accepts readings simul-
taneously from 3, 4 and 5, matters being
arranged so that the information is comple-
mentary from the phase point of view and that
the channel fed by no. 3 indicates left or right
and whether within the arc 7 degrees to 25
degrees from the leadline, no. 4 whether within
2! degrees to 7 degrees and no. 5 a very much
smaller bracket. Actual bearing accuracy near
the leadline is 13 degrees, lessening as the signal
source (i.e., the Aid) moves outwards.

Two such (horizontal) aerial arrays are
actually used, one immediately above the other
in order to overcome Lloyd’s mirror effect and
the possibility of a spurious echo being received.
(Lloyd’s mirror effect is when there is both a
direct signal and an indirect one, probably re-
flected off the water. Should they arrive at the
aerial out of phase they will cancel out and no
signal will be received). It is also possible that
at this instant a reflected signal may be received
from say another ship close to the leadline and
accepted as legitimate.

If two arrays are employed vertically the
chances of them receiving a signal at the same
phase are much reduced; so the angle as
measured by both arrays are compared; if found
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One shore beacon of a Channel Approach Aid.
Marked A and B are the two aerlal arrays, mounted
verticaliy. To the left is the scanner of the separate
harbour radar system.

to be equal, then and only then is the third
pulse containing the angle informations trans-
mitted. The two arrays are virtually standard
Decca 4ft. slotted waveguide aerials from the
Group 9 series of radars stood on end. What
can be termed a bonus of this arrangement is
that the horizontal polarisation normally pro-
vided by these aerials now becomes vertical
polarisation which much reduces the hazard of
interference from the harbour radar and ship’s
radars operating in the vicinity.

The phase measurement is done on the second
of the twin pulses from the Aids. Pulse two from
the Aid is used to determine offset from the
leading line. As with the first two pulses, the
third pulse is constantly monitored in the Aid
for consistency over a number of transmissons
and the offset reading inhibited if inconsistencies
are detected.

BEACON ACQUISITION

There is no “tuning in”’ required to the beacon
except to select the number of the shore beacon
it is required to “home” on. As has already been
mentioned, there is considerable latitude in
pointing the Aid in the direction of the beacon
and it is a fact that most tankers arrive fairly
accurately on compass bearing and it generally
suffices to position the Aid squarely in the wheel-
house window with the aerials directed fully
forward along the centre line of the ship.

A complete oconfidence check is, however,
incorporated and this is brought into action
when the align position of the scale switch is
selected. The Aid will then continuously inter-
rogate the beacon and the replies can be
observed by watching the appropriate beacon
lamp. When the lamp lights the beacon has
been acquired and the Aid is then rotated until
the beacon lamp shows maximum brilliance.

FAULT INDICATIONS
If the shore beacon is inhibited from transmit-
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Superscore HomeTV Game
Get it together foronly £24.95

Available to you in kit form at the same moment ball speeds, automatic serving and much more. It funs

as its national launch, the brilliant new Videomaster on six 14 volt SP11 type batteries (not supplied).
Superscore contains the latest product of MOS The Videomaster Superscore kit costs only
technology: a TV game chip. £24.95 including VAT (recommended retail price of the
The logic contained in it had previously to be ready built model is over £40.00) and comes complete
generated by 100 TTL devices. Now it is condensed with ready-tuned UHF or VHF modulator, circuit board
into one 28-pin chip. with printed legend, all resistors, transistors and diodes,
This all-new Videomaster plugs into your 625-line  built-in loudspeaker, socket for mains adaptor, and, of
UHF TV set (for overseas customers having VHF sets course, the TV game chip itself.
we can supply the necessary VHF modulator) to give Easy to put together the Superscore has full
you four exciting games (including tennis and football) assembly instructions, circuit diagram and circuit
and two future game options. It features on-screen description. Don’t miss this chance to own the newest
digital scoring, realistic hit sounds, two bat sizes, two electronic game at such low cost.
POSTTODAY TO:
---—--------------------- -— —--ﬂ
L
I Videomaster Lid 1420 Headfort Place, London SW1X 7HN @ |
Please send me (insert No. requ’d)..........cuec. Videomaster Superscore Kits at £24.95 (inc. VAT & P&P in UK) I
or £23.10+£4.00 for P&P overseas) |
| 1 enclose my cheque/money order* for £..........ccc.. VHF modulator required YES/NO* EE64 '
| NAME l
: ADDRESS |
i
- ALLOW 21 DAYS FOR DELIVERY ® delete as necessary J
h-—--------—-—---—----—---—-
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ting offset (i.e. bearing) information because
the phase measurement differs between the two
aerial systems the offset digital readout will
be extinguished.

The beam width of that part of the shore
beacon aerial system used for phase measure-
ment is +8 degrees and therefore the Offset
distance in feet that can be measured is propor-
tional to the distance of own ship from the
beacon, decreasing as own ship closes in on the
beacon. If own ship is outside the limits of +8
degrees the Offset reading will indicate the off-
set appropriate to the +8 degrees angle but the
left or right indicator lamp will flash.

If there are insufficient valid replies from
the shore beacon both the range and speed
digital displays will flash on and off. If the
scale switch is selected to turn and own ship
passes beyond the turn point, the range display
will have passed beyond the zero reading and
as no negative reading is possible the displays
are extinguished until either distance to beacon
is selected or another beacon is selected.

The battery low lamp, will flash to indicate
a low battery state but the equipment will-still
be usable.

CONSTRUCTION

The Channel Approach Aid is housed in a GRP
case which has metallised screening on the
internal faces except for the aerial aperture.
Two separate aerials are used, one for receive
and one for transmit. In both cases they are
printed circuit dipoles. There are two main
electronic assemblies in the case. One group
comprises the aerials, the transmitter and re-
ceiver, and the power supply for the local oscil-
lator. The other group comprises the logic cir-

cuits, the displays and their drive circuits, the .

main power supplies and all the controls.

The equipment is completely solid state; the
great bulk of the circuitry is achieved by some
160 TTL integrated circuits of proven reliability.

Economies in battery drain are important and
these are obtained in two ways: The 13 LED
7-segment displays would normally use 13 de-
coder drivers. By using multiplexed tri-state
logic only one decoder driver is used for seven
of the displays and a second decoder driver
for the remaining six displays.

All but essential circuits (i.e. timing, number
storage and visual displays) are switched off for
over 80 per cent of the operating time as they
are not required except when actively transmit-
ting and receiving. The contrast can be seen
when align is selected and the circuits are con-
tinuously powered. If left selected to align the
ting and receiving.

The shore beacon installation consists of
completely duplicated equipment normally
operating from the ordinary power lines sup-
plemented by a local emergency supply. Ol
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SPECIAL
ANNOUNCEMENT

We are adding a further 800 new items
to our stock list of components. Watch
for our advertisement in next month’s
issue! Better still, write NOW for our
NEW 1976 Catalogue. It shows our com-
plete range of Electronic Components,
Semiconductors, Audio Modules, Hi-Fi
Accessories etc., in fact everything for
the electronic enthusiast. AND all at
unbeatable bargain prices! Order your
copy NOW, only 50p+ 15p postage.

P.O. BOX 6, Ware, Herts.

VALVE AERIAL

BARGAINS

Any 5-54p, 10-£1 00, 50-£4-50.
Your choice from the list

BOOSTERS

Aerial boosters can produce
remarkable improvements

below. on the picture and sound,
ECCS82, EF80, EFI83, EFIg4, | in fringe or difficult areas.
EH90, PCF80, PC PCL 32. Bll1—For TH stereo and stand-

F802, 2
PCLBY, PCLBS, PCLB6, PCLBOS, ard VHF/FM radio.
PLso4 PY81/800, PY8S, 30PLI4, | BI2—For the older VHF
F28. television—Please state chan-
nel numbers,

B45—For Mono or colour this
covers the complete UHF
Television band.

All boosters are complete with

battery with Co-ax plugs &

sockets. Next to the set ﬁgi"“d

Large stock of older types ol
TV Valves. Brand new JJ

Colour Valves—PL508, PL509,
PLSI9, PYS00/A. All tested.
30p each.

Press Button UHF Tuners—4 Button Transistor—British
made—£2-50 each.

50p BARGAIN PACKS

All Packs Un-used Parts—PKI|-40-C280 ;Hullar%Axul Lead
Capacitor mixed values from -OIuF to -47u

C28! (Mullard) Radial Lead Capacitors mnud values from - OISuF to
§-5uF (250V/W). PK3-6 Co-ax. plugs. PK4-6 Co-ax connectors,
PKS-8-5m/m formers with siugs, PK6-25-AC128 Transistors. PK7-3
BF200 (VHF) Transistors. PK8-2 BFiI82 (UHF) Transistors, PK9
AnyBTnmmon—BClos BCI13, BCI3S, BCIS3, BCITI, BCI72,
PK10 8- lmg‘m volts rectifiers. PKI1 4-5 pin din pluu (180°),
PK12-5 PP3 Battery Connectors.

All prices include VAT, P&P zop er ord.r Please send uncrossed
P.O. or Cheques for returning if we are out of stock of Bargain
Packs or older types of new valves,

ELECTRONIC MAILORDER LTD.

61 BRIDGE STREET, RAMSBOTTOM, BURY, LANCS.:
Tel. Rams. (070 682) 3036
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Physics

is FUN!

By DERRICK DAINES

Heat and Voltage

ITH the sun blistering down out-

side, now seems as good a time as
any to talk about heat and to conduct
a few experiments on it. As every
schoolboy knows, there are three forms
of heat transference—conduction, con-
vection and radiation—and many inter-
esting studies to be made on each. At
first sight, there may not seem to be
much in the nature of heat that would
interest the electronics enthusiast, but
once you've burnt a hole in your jacket
with a soldering-iron or put your hand
on a hot coil, you will appreciate there
is a lot in the subject for us!

Perhaps the simplest lesson to be
learned apropos heat and electronics
is that a current in a wire will dissipate
some of its energy as heat. Experimen-
tation has shown that this applies to
ANY current in ANY wire, solely
excepting the new science of super-
cooled conductors, which is beyond
the scope of many of us to experiment
with. For ordinary purposes then,
some energy is lost whenever we put a
current through a wire. This energy
loss generally manifests itself in the
first instance as a voltage drop and then
as discernible heat.

As an illustration of this, owners of
model railways are invited to take

VOLTMETER

YRACK/

SUPPLY

\

voltage readings at various points along
their layout; it will be found that the
voltage is lowest at the point furthest
away from the supply (Fig. 1). On a
small layout this voltage drop may be
only 0-5 volt or less and will require a
sensitive meter to measure, but it is
there nevertheless. Large layouts may
have a considerable voltage drop that
must be offset by extra supply lines to
the point concerned if the performance
of model locos is not to drop off.

Thermocouple

Heat has been described as the great
sink down which all wasted energy is
poured; energy that is not readily or
efficiently recoverable. The energy that
has been lost in transferring the
electrical energy along the wire has
been lost down the sink—it has been
turned into small quantities of heat.

The reverse process is also possible—
that of turning heat directly into
electrical energy, but with a great loss
of efficiency, as will become obvious.

Twist together the ends-of a copper
wire and an iron wire as shown in
Fig. 2. If the free ends of the wires are
connected to a meter and the twisted
joint held over a flame, the small
deflection of the meter needle will
show that a very weak current has
been formed. This current is called a
thermo-current and we have a basic
thermocouple.

Fig. 2. Basic detail of a simple Cu-Fe
thermocouple.

IRON {Fe)
-_
/\ w(cw

7/

Fig. |. Voltage measurements taken around the track will
show voltage drop is maximum furthest from the supply.
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Homemade Thermopile

Several thermocouples together are
called a thermopile. Proceed as
follows. Cut 6 pieces of copper wire
each about 5 cm long and one of about
20 cm. Cut the same number and
lengths of iron wire. Proceed to
twist them together alternately by
their ends—copper, iron, copper, iron,
etc.—leaving the long pieces until last,
as in Fig. 3. The result is thermopile
that will show a current-deflection on
most meters, when the junctions are
heated, since the weak currents from
each copperfiron junction are added
together.

Of course, as a source of electrical
energy the thermopile is grossly
inefficient, but it has wide use as a
temperature-sensitive device in rugged
conditions—inside a kiln or furnace, for
example, where the current is amplified
and used to give an accurate reading of
the temperature inside the kiln.

Coincidentally, it has been found
that although current flows, there is
no movement of copper atoms into the
iron or vice-versa even after long
periods. This throws light on the nature
of electricity; the nuclei of the metal
atoms must remain in their respective
materials, while their satellites, the
electrons, are free to move.

Fig. 3. When the Cu-Fe junctions are heated, the meter will

couple.

be defiected by the accumulative effect of each thermo-
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ances LI and L2 in Fig. i Only LI need
be considered, as far as tuning goes.
[2 is just a coupling winding, to lead
out the signals to the rest of the circuit.
So, how much must LI be reduced?

The answer is really quite straight-
forward. The frequency depends on
both L and C, as you know. In fact,
frequency depends on L times C. If
you change C, you must change L in
such a way that the product (L times
C) is still the same,

In the example, we have 300pF and
200uH. So long as we keep working
in the same units (pF and uH) we can,
in working out, forget the units and
just use the numbers. Here LC=300 x

00=60,000. We need a new L such
that with our new C of 500 we still
have LC = 60,000.

In mathematical terms, S500L = 60,000.
You'll find that the new L has to be
120 to make this work out. So L1 must
be reduced from 200uH to 120uH
(L2 can be left as it is.) If you want the
rule spelled out, it is:

OldL x Old C

New C

which, in the form of an instruction,
says: "'Multiply the original inductance
by the original capacitance, and divide
the answer by the new capacitance'’.

New L =

AE1

L2
COUPLING
COiL

Fig. 1. A simple parallel tuned LC circuit.

The Reverse

It may happen in other cases that
you can make C what you like but are
stuck with some fixed value of L,
different from the inductance specified
by the design. In this case, the rule is:

OldL x OldC

New L

If you think about it, you'll see that
you can, in theory, use any value of L
you like and always get the frequenc
you need by using the appropriate C.
(Or any value of C then use the appro-
priate L). In practice, however, the
range of values which can be used is
quite restricted.

New C =

Limits

In high-frequency tuned circuits, a
lower limit to C is imposed by ‘''stray
capacitance’’ between wires, inside
transistors, and so on. This can easily
be as much as 20pF. At still higher
frequencies stray inductance becomes
a problem. Even a straight piece of
connecting wire has some inductance,

so in a practical circuit there's always
an irreducible minimum of inductance
of a few thousandths of a micro-henry.

In low frequency tuned circuits,
another factor comes in. It becomes
difficult to obtain sharp tuning if L
is small and C large—unless a very big
coil is used for L. Also, large values of
C are expensive, because generally
speakier:f electrolytic capacitors cannot
be used and the alternative paper or
plastic-film capacitors cost much more.

Formulae

Many people find the formula for a
tuned frequency;

1
f 2n4/(LC)

difficult to use. It is possible to obtain
alignment charts g:so called nomo-
grams and abacs) which do the job for
you. All you do is join the known
quantities with a straight line and then
you can read the unknown one from a
scale; e.g. if you know the frequen
and the inductance you can read o
the required capacitance.

If you are slightly more mathematica!
you can use modified formulae which
avoid the awkward square root. To do
so you must first work out a new
quantity which I'll call F. To find F
you work out the square of the fre-
quency fanc’i:multiply by 40:

The formulae for finding L and C are
now:
1,000,000
C = ——— (picofarads)
FxL
1,000,000
L = ———— (microhenries)
FxC

The frequency must be in megahertz,
LinuH, and Cin pF.

Example:

What inductance tunes 500pF to
S500kHz?

First, 500kHz=0-5MHz, and 40f2
becomes 40 x 05 x 05 = 10,
The inductance needed is (1,000,000)/
(10 x 500) = 200 uH.

1 (A0QIDIY
P =]

——1
—

M |

self, would a
the answer to
the voltage drops in the power supply wiring . . .”"

“, . . Now, you're saying to
supply decoupling capacitor
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“‘:n." '”.'::‘o’_:“.'.""' HWID * ,,2 ,,':I‘ m‘{p:'d‘h ]w" o also switch the ignition off completely as 8 security device, includes
7 Our 20-75. Plue 8% VAT switch connectors, mounting bracket and instructions. Cables excluded.
CASSETTE MICROPHONE (Bpare bita are avallable) Also available RPM Limiting control for dashboard mounting
(.l:./on switch for Remote Control, Bplit “0100" 100WAYT AMPLIFIER {titted in case on ready built unit).
Su:d;:lm(;::;n .;La :L""i..ﬁ"'ﬁi :Ilalhbn::mﬁnmwl' l"“"'ﬂ on CALLERS WELCOME. For Crypton tuning and titting service
types. mpm:kvhnf l;: Rest. - ures 18” x 94 x €* and which mmm ‘phone (0922) 33008
Plonse w [ ance
2000bin 30K b, e e R RGO C, PRICES INCLUDE VAT, POST AND PACKING.

. . o

PRICE £1-60 + 12§ % VAT. m’l: Treble, umkmm Controls.
8/C p d output.

P.C. ETCHING KIT into Sohm L/8. Ideal for Disco, Music

This kit all that the Groupe. P
wlll moed o etoh the clreuita of hia awd | ¥ Bervain ot 88 + 60 earr. + 8% VAT.

Contents—Plastic etching dish. Sample T1 NULTI-METER

copper clad . Laminate Cutter. Ideal testor for everybody interested in
1 1b Ferrlc . Large Plastic electronios. Weigh joss than 100
Spoon. Etch Resist Pen. Full Etching grammes aond only x J4mum x
Instroctions. 90mm.

Ooanﬁo and Big Kit Value at $3-78p Ranges: AC volts: 0-10v, 80«, 250v,
+ 8% VAT. 1 .

DC volts: 0-10v, 50v, 200v,

Improve performance &economy NOW

Electronics Design Associates, DEPT EE/10

FERRIC CHLORIDE Y . 82 Bath Street, Walsali, WS1 30E. Phone:
Anbydrous ferric_chloride in double BC current : 0-1m/s, 0-100m/a. (0822) 33652
sealed one pound Poly : Resistance: 0-150K ohm. NaMe ..cooonncrnninnen A e reRvERReSWeY RRERE Rt
OUR — 68y + + 8% por 1h. PRICE 8478 + VAT 8%

A 0 Address ........ Gessssosesaessassssensrans AR TRISie st TebseiaaseN SR RS RST S UpNa

2in. P MINI LOUDSPEAKERS

n. PANEL METERS 7 N —— PN
050uA MRS 0-100mA—MEI3 e o Ms, 2 01Y Am. Kit @ £11.80 Lo yancioseiheqy s
0-100u2A - ME7 0-500mA- - ME14 +124% | = of £
0-500uzA —MES 0-1A -—ME15 | Mk, 2 Reaay Built Negative Earth ® £14,97 — e
01mA —MES *30V --ME16
0-BmA —MEK10 0-300V a.c.—ME17 @GOODMANS CROSSOVER Mk, 2 Ready Built Positive Earth @ £14.97 Cheque No.
0-10mA—ME1] 8 meter —MR18 3 way 8 ohm Crossover |
0-50mA—ME12 V.11, meter ~ME19 d by di 1gnition Changeover switches @ £4.30 = SIS stte i

. o, Bargaln .

€3-50 + 8 Yo 81+ 1 %% L R.P,M. Limit systems in above units ® £2.42 i::;;"s.:fh‘::roc"u'. '

U.K. CARR. All prices are excluding VAT. Please
S0p unless te!.;therwise add to cach item the VAT rate in- —~ - - — -__- o’
sta

dicated to all orders

Everyday Electronics, October 1976 547



AR we W (SP28) SOLDERING IRON
(MDI‘H VAT) with all erders sver L9
Umited period only. Bend rew.

B. BAMBER ELECTRONICS

PLEASE ADD 8% VAT UNLESS OTHERWISE STATED

S0mA by
s S ot L."-&..‘:‘.
complete with external Ski po
conirol. Connection deta supplied

DeptE.E.5STATION ROAD, LITTLEPORT, CAMBS..CB6 1QE
Telephone: ELY (0353) 860185 (2 lines) Tuesday to Saturday

PLEASE ADD 8% VAT UNLE88 OTHERWISE STATED

. inverse magnet, § ohme,
m £1-50 each,or 2 for £2-78 (qty.
avaiiable + 134% VAT.

TOS traneistor insulator sets. 10 for 80p.

ALU-SOL AL SOLDER (m.do by Mum-

core) aluminium 10 itsel! or

nicke! or tinplats. 1 s.: w!
mumeon flux, with inetructions. metre
coil Ip peck. Large resl {(approx. 12 metree)
Q278

WINIATURE 2 PIN PLUGS AND
(M Jio §in hole, mmm.mm
chaseis mounting, or for inine

connectors). Bargain pocuoﬂpluol + Js0ckets

Covers,
PROGRAMMENS (m devices) Contain

14n chassis

@ tor 38p.

WM.';YM oeramic trimmers. 1-10pF,
1.C.'s. some coded. 14 DIL types untested,
mined. 20 for Mg,

maing operation)
with § rotating came.,
MMMMMM. dispisys, eic

{Noed
mmmnw'oamcm not supplied)
9 switch version £1-90.

HEAVY DUTY HEATSINK BLOCKS, undrided.
b.llnlﬂdnlln with 8 fine, total height

Mobile Conwerters, 1‘lelwl 130V
2pprox 3-4A DC output. fully stabitieed. £3-88
oach {ideal for running 12V car radio from 4V

TVH (metal type), § for 88p.
uge ).
TV Sockets (metal type). ¢ for S9p.
TV Line Connectars (back-0-back sochets), ¢
for 0p. Plesse add W% VAT,

nnm-mm p vet (1 plug

+ 1gkt).

8nd s0Ckets sold toly at 289 sach,
Buigin Aound FreeSkis. 3 pin, for maine input
on iest equipment, eic.. 28p sach

torry bettery)
NS Midget 3 pole ¢ way. rotary
0p each

H‘n
MAGNEYQ $in square, with

onnuv 700GMENT P.0.0. DISPLAYS, ‘oﬂ
height 0-3in rad. with decimal

moam)ﬂl (Sorry. no
lﬂnﬂ.llﬂlml‘bl.)h Buy

ec. inpul wbn
' 18nd 2 reve per minute, £1-88 sach

WNIATURR PLIERS N‘rﬁ uality “‘Crescent
made in USA. £4-38 + Vi (L o !
made

uabl
muuuuom& 1"

1
4

BAI1
|w4:l:‘¢=.’|o!wlo

Mmmlﬂleg‘ohmmmNe
ut
Metric sizes. pop rivet gune. atc. 8.A E. for ligt

square, suitsble for rewind, §
M” 0| %VAY

Miniat sarphones with min. jack piug. 2 for
n;.-msvu

Mlll’ CANS, ?'ol |Iv\l0hl|lv\moﬁ
1can, lmommurnmd sm..umwn

Dubiiler El . SOuF, 450V, 2 for S0p.
Dubilier Eloct: 100uF, 278V, 2 for My,
rotytics, 470uf, 63V, 3 for 88p.

SMALL MAINS SUPPRESSOAS (small chokes,
idenl for radio, H-F1 inpute, ﬁc)“wl 0 x

'Mﬂ 3 for

PEASPEX R PANELS (for FM Band 2
tuners) marked 83-108 0-70
clear numbers, mnmv;moam
appesrence, size x. Bjin x 1§in, 2 for 30p.
Load 0kohwm) for moblle plug
leads. 4 "p.

ITT Elactrolytics. 6800uF. 25V, N
wrminale, with mounting clips.
Plessey Electrolytics. 10.000uF st . T8p each
Piossey Cathodray C«ucnofs 0-0- 4u 0t 12-5kV
DC. Screw terminais. £1-88 each

PLEASE ADD 134% VAY TO ALL CAPACITORS

h grade. screw
sach.

LARGE RANGE OF c»mwm AVMLA.I.I
AY BARGAIN PRICES, 8.A.E. POR

‘-'x'.‘:‘.? SR porton v
t inates work
trigger. Migh efficiency

i

uﬂu GUN. £5:00 + VAT (54p)
um‘r.ot.unowm(mmuue-o

SPARE DTS, PAIR, Sop + VAT (ap
0 (3p)
MARKSMAN SOLDERING INONS
8P15D 15W 23 + VAT (Mp)
SP2SD 25W £3 + VAT (Mp)
SP25DK 25W + bits, etc. kit £3-88 + VAT (31p)
BPIOD 40W £3-44 + VAT (38p)
STAND with epring for Marksmen lrons,
22 + VAT (¥p)
ARE BITS
for 15W, &ip «+ VAT (4p).
MT10 2o aoW. e+ VAT B
10 A + VA
TCP1 TEMPERATURE CO'IYLOU.IO IRON
Temperature controlled iron & PSU, £30 + VAT

5

L+

Type CC single Rat, Type K double Nat fine tip
Type P, vary fine ﬂ..ehoVAYﬁ)
ALL SPARES AVAILABLE

Terms of Business: CASH WITH ORDER. MINIMUM ORDER £1. ALL PRICES INCLUDE POST & PACKING (UK ONLY). SAE with ALL ENQUIRIES Please.
PLEASE ADD VAT AS SHOWN. ALL GOODS IN STOCK DESPATCHED BY RETURN. CALLERS SATURDAYS ONLY 9.30-12.00, 1.30-5.00.

Perhaps you have to be of my vintage to
know the phrase '"a Double Feature", but
up to a few years ago cinemas always ran a
main fiilm and a supplementary film. | was
reminded of it because with thelr new cata-
logue Home Radlo Components are now
giving away a supplementary catalogue of
bargaln lines.

It sounds a very practical and sensible
idea. After ail, most electronic component
firms accumulate surplus stocks of various
Items, and rather than dispose of them, why
not offer them to cust s at ptionally
low prices? I’'m told that this bargain list will
continue for several months and be up-
dated from time to time.

No constructor should be without the
Home Radlo Components Catalogue (it
contains 5,000 items clearly listed plus about
2,000 [llustrations) but now you have a
double Incentive for buying ona. In addition
to getting one of the finest component

[ — = =-,

Plosse wrde your Name and Adére.s in block capitaly By the way, tho ce of

] the catalogue Is 0p plus catalogues available, you also receive a list

WA T D onags And Rack.  of bargains at unbelievably low prices. For
' ADORESS . o S hegusloy ".:,'_‘;' example, Gemini Malns Transformers:
(] tos ":: 1 “:nn the normal price £11-48, bargain list price £5,

saving £6-48! This means that with a single
purchase from the bargain list you can save

' {Regn. No
HOME RADIO (Components) LTD. Th 1 £1-25 appli ly t to the prica of your catalogue several times over!
234200 London Road. Micham, Susre R4 IMD London 912008) e price o applies only to customers

o em o> o e -u '- - o on an e In the UK and the SFgO Addresses.

HOME RADIO (Components) LTD.Dept. E.E., 234 -240 London Road Mitcham CR4 3HD Phone 01-648 8422
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Technical
Training in
Radio,
Television and
Electronics

ICS have helped thousands of ambitious people

to move up into higher paid, more secure jobs in the
field of electronics - now it can be your turn. Whether
you are a newcomer to the field or are already
working in the industry, ICS can provide you with
the specialised training so essential to success

Personal Tuition and Guaranteed
Success
The expert and personal guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful is the key to our outstanding record in the
technical training field. You study at the time and pace
that suits you best and in your own home. In the
words of one of our many successful students: "'Since
starting my course, my salary has trebled and I am
expecting a further increase when my course 1s
completed.’

City and Guilds Certificates
Excellent job prospects await those who hold one of
these recognised certificates. ICS can coach you for
Telecommunications Technicians

Radio, TV Electronics Technicians
Technical Communications

Radio Servicing Theory

Radio Amateurs

Electrical Installation Work

Also MPT Radio Communications Certificate

Diploma Courses
Colour TV Servicing
Electronic Engineering and Maintenance

Computer Engineering and Programming

Radio. TV and Audio, Engineering and Servicing
Electrical Engineering, Installations and Contracting

Qualify for a New Career

Home study courses for leading professional exam-
inations and diploma courses for business and
technical subjects

G.CE Engineering Purchasing
60 subjects Farming Sales
at'"'o0'"' & Heating Storekeeping
‘A" levels Industrial Work Study
Accountancy Management
Air Mechanical

Conditioning

Building

POST OR PHONE TODAY FOR FREE BOOKLET.
In To: International Correspondence

Schools
SINCE 1890

Dept?10Y intertext House, London
SWB 4U) ot teléphone 622 9911

Subject of Interest
Name

Address

Telephone Number

Everyday Electronics, October 1976

Complete the

coupon and
wellsend you
our complete,
new catalogue.

The new Heathkit catalogue is now out. Full as ever with
exciting. new models. To make building a Heathkit even
more interesting and satisfying.

Qlip the coupon now (enclosing a 10p stamp for postage)
and we'll send you your copy to browse through

With the worlds largest range of electronic kits to
choose from, there really is something for everyone.

Including our full range of test equipment, amateur radio
gear. hi-fi equipment and many general interest kits.

And.if you happen to be in London or Gloucester, call in
and see us. The London Heathkit Centre is at 233 Tottenham
Court Road The Gloucester showroom is next to our factory
in Bristol Road

Heath (Gloucester) Limited. Dept. EE-106 Bristol Road,
Gloucester. G1.2 6EE. Tel: Gloucester (0452) 29451

rThe new Heathkit catalogue. Qut now FREE.--lI

I To: Heath (Gloucester) Limited, Dept. EE-106, Gloucester,
GL2 6EE Please send me a Heathkit [ v ]
catalogue. I enclose a 10p stamp for postage. I
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RECEIVERS ll‘ld COMPONENT‘

500 COMPONENTS. Rellstors. C‘(?o aci-
tors. Diodes, Trmlismrs.

Identified, formed 1 2ads, faliout,

& surplus Good value at £1-70. Ali

|nclusxve i’UK ‘?ostll rates only). CWO

lease to E. Bankhead

Larul:l, South Queensferry, West

0

FLOATLESS SWITCH. Contains 2.CO relay,
mains transformer, 24 and 8 volt, bridge rectifier,
2 trInolilor contvel clreuit, neon, no)upn cover,

M CO”lR
CLAD ‘?2  BOARDS,

x9”

” 3—&1-38 A'rl C.P. PAN‘L I'I'N

A i 'SCR o heat 6ink, 11 sillcon transistors

BCYTR etc. panel neon. 2 trimpots etc.

a C200 POLYESTER CAPI 100—&1

). Lllt 15p refund on purchase.
7ibs aseorted components £2-98 C.P.
JWB RADIO
2 Barnfield Crescent, Sale, Cheshire M33 INL
Postage In brackets Mali order only

SMALL ADS

The prepaid rate for classified advertisements is 14
pence per word (minimum 12 words), box number
40p extra. Semi-display setting £9.00 per single
column inch (2.5cm). All cheques, postal orders, etc.,
to be made payable to Everyday Electronics and
crossed “Lloyds Bank Ltd.” Treasury notes should
Advertisements,
together with remittance, should be sent to the
Classified Advertisement Manager, Everyday Elec-
tronics, Room 2337, iPC Magazines Limited, King's
SE1 9LS.

always be sent registered post.

Reach Tower; Stamford St.,
(Telephone 01-261 5918).

London,

CONDITIONS OF ACCEPTANCE
OF CLASSIFED ADVERTISEMENTS

1. Adveitisements are accepted subject
to the conditions appearing om our curvent
advertisement rate card and on the express
that the  Advertiser
that the adverti does not
any Act of Parll noris it
[ lnhlnn-u! of the British Code of
Advertising Practics.
2. The publishers reserve the right to
refuse or withdraw any advertisement.
3. Although avery care is taken, the
Publishers shall not be lisbla for clerical
of printers’ ervors of their consequences.

BOOKS and PUBLICATIONS

NEW BOOKS
FOR THE CONSTRUCTOR

SHORT WAVE RECEIVERS
FOR THE BEGINNER
8p + 10p P. & P.
PRACTICAL ELECTRONICS PROJECTS
80 + 10p P. &P,

CALVERTON PUBLICATIONS LTD.
8 Redgates Court, Calverton, Notts.

FOR SALE

AMPs We have some 8-track car
stereo am? modules for sale. The
are 21; x 2! W, and are complete wi
volume, tone, balance, sliders and
wiring diagram These are excellent
for headphones amps and most other
small amp &plica ons Price £3 post
eque gencer
ﬂlchase." old Mﬂl Road
on-Sen, Norfolk NR30 S5HE. For list
o{, other surplus goodies send SAE to
above.

31 ISSUES EVERYDAY ELECTRONICS
Jully 1974 onwards plus others.

issues “Practical Wireless”. 17 issues
“Practical Electronics”. Some Hifi
mags. Some components. Offers D.

WROE, 6 Hillview Close, Halesowen,
Worcs.
WANTED
WANTED BACK ISSUES  dated
November December 1971, January,
d 1972, March, April, May
arch 1976. Please write to
Box No

RECHARGEABLE NICAD BATTERIES
Pencell, AA—%4p; Sudb °C'—£1-16; ‘C'
—£1-92; ‘D'—£2-59; P 3—£448 ar-
gers £4- -48, £4-98, £4-98, £3-98, respec-
tively oOthers, All prices include VAT,

10% post and package. SAE for
rlce list plus 25p for information

klet. Sandwell Plant Limited, 1
Denholm Road, Sutton Coldﬁeld
West Midlands 021-354-9764.

LOUDSPEAKERS

Speakers, kits and
cabinetsfor D.L.Y,,
HIFL, P,A., Disco,
ete.by EMI, Fane,
Goodmans,
Baker, Kef, Blae,
Richard Allan,
Wharfedale, etc.
Send stamp for
free booklet “Choos-
ing & speaker’’

WILMSLOW AUDIO
oo e e B e
Tel. Wiimelow 29599

MISCELLANEOUS

INAHILLI‘D COPPIR WIRE
202
16-19 1] 'ﬂ
20-20 245 ‘82
30-34 2 ‘89 [
35-40 2 164 " 78
inclusive of p&p and VAT,
SAE brings Cohlogut of copper and resistance
wires in all coverings.

THE SCIENTIFIC WIRE COMPANY
PO Box W, London E4 IBW

Start your own business
printing pound notes

Printing pound notes? Waell not quite—but **Stert
your own business rewinding electric motors"
f:;a‘ld easlly be your licence to make money in

Lavishly lllustrated, thls unique instruction
manual shows step br tep how to rewind motors,
working part or full time, without experience.
Everything you need to know eastly explained,
Including where to obtain materlals, how to get
ali the work you need, eic, etc.

A gold of inf tion and

Only £3:9¢ plus 26p P & P from:

Srinksway 'Trading  Estate, @einkeway,
nkaw. ng e,

Stockport SK3 082. * '

SERVICE SHEETS
BELL'S TELEVISION SERVICE for
service sheets of Radio, TV etc, 75
plus SAE. Colour TV Service Manuals
on re(iest SAE with enquiries to

s Road, arrogate,
Yorkamre : 0423 55885, o

SEBV!CE SHEETS, Radio, TV, etc
S0p and S Catal'ogue and s
Hamilton Radio. 47 Bohemia Road St
Leonards, Sussex,

550

WERSI| ORGAN
KITS

BUILD YOUR OWN WERS!
ELECTRONIC ORGAN
as played by KLAUS WUNDERLICH

These superb German WERSI kits for,
ORGANS, PIANOS, TONE CABINETS and
PROFESSIONAL AUDIO equipment, now
available for D.1.Y. assembly, and CUSTOM
BUILT, direct from U.K. WERSI agents,
ELECTRONIC SERVICES (STROUD)
LTD., 21 Mount Hill Road, Hanh

MINI ACCUMULATORS
2 volt MULTILUSE
Sealed Lead Acid Re-
chargeable Cells.
Size L450—('4" x I'l'
x 0:44°. 3 for £2:68
Slze GA2—1'7" x 1:3°
‘. 3 for £2-93
‘ndd 159 P.& P. any qty’’
Suits Fi-Cord
GARFIELOS, 295 Rye Lane, London SEIS

TREASURE TRACER
MK "l Metal Locator

: Varicap tuning

Britain’s bnt ulllno metal
locator kit; 4,000 sol

@ Woeighs onl noz. Fitted with
Fa: Moy

lM

Knocks down to only 17in

Prebulit search coll assembly
@® Thoroughly gvo'ouloul finish
@ As seen on BBC1 and BBC2 TV
@ You only need soldering Iron,

screwdriver, pliers and snips

O @ Five transistor clrcult
Send stamiped addr

envelooe for leaflet

Complet . Built & tested .

e £12:50 ** £17°50
Post 85p-£100 VAT (8%) Post 85p-£190 VAT (8%)
MINIKITS ELECTRONICS
6b CLEVELAND ROAD,

LONDON, E18 2AN (Mail order only)

Bristol, BSIS 2QU. 0272 471312,

STYLIFCABTNDGE & AUDIO LEADS
ETC. For the best at keenest prices
send SAE for free illustrated list to:
FELSTEAD ELECTRONICS (EE)
i.gngley Lane, Gatley, Cheshire SK8

NOTICE TO READERS
Whilst prices of goods shown in classified
advertisements are correct at the time of
closing for press, readers are advised to
check with the advertiser both prices and
availability of goods before ordering from
non-current issues of the magazine.
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4-STATION INTERCOM

gery, Sohools, Hospitals and Office. Operates
on one 9V mwy' Onj/oft switch. Volume control
Complete wi counecting wires each 88ft. and
mmr a P.86p.

MAINS INTERCOM NEW MODEL
Fo batieries—no wires. .::zt plug in the mains
for instant ¢ sy, loud clear comm!
moﬂmxu volume oontrol. Price 58884
er pair P. & P, Rfip,

NEW'! AMERICAN TYPE CRADLE

TELEPHONE AMPLIFIER

Latest transistorised Tekpbou Amplifier with

Placing the receiver on

d tached o
3 cr?:g activates ‘s awitch for immediate

pe recording
P l P, 109. lo-dly price ntnnd guarantee.
N DIRECT SUPPLIES l.l)
100 mIIIG‘I'OI HIGH STREET, LONDON, W8

DENCO
(CLACTON)
LIMITED

Dept. E.E.

357.8-9 OLD RD.,
CLACTON-ON-SEA
ESSEX CO15 3RH

Our components are
chosen by technical
authors and con-
structors throughout
the world for their
performance and re-
liability, every coil
being inspected twice
plus a final test and
near spot-on alignment.

General Catalogue showing full
product range 32p. Overseas Cus-
tomers 70p, Air-Mail Post Paid.

U.K. & OVERSEAS MANU-
FACTURERS/STOCKISTS
ENQUIRIES WELCOME

Australian Readers Please Note—
Our Complete Range of Coils are
available from Hobipak, Box 224,
South Carlton, 3053, Victoria,
Australia and Watkin Wynne Pty.
Ltd., 32, Falcon Street, CROWS
NEST, 2065, AUSTRALIA. P.O.
Box 392.

GIRO NO. 331 7056. Access and

Barclayca
cwo €

Official

Depar
ALL PRICE
AS APPROPRIATEAT &
3 O.E
<.N()P HOURS—9-12.30 3 nS
CLOSED \VEONFSOA'

66 Pages—3000 Items Fuily illustrated
%20p Credit Vouchers % All New Stock

% Satisfaction
Guarantee

SPECIAL RESISTOR KITS (CARBON FiLM
5@ (Prices include post & ra ‘

2 +W or W KIT: 10 o uch 12 value, 22
ohms—iM, a total of 570 £3-04 net
25E12 4W or W KIT: ”o' uch E12 value, 22 ohme
—iM, & total of 1425 £11-70

*

Please
mention

Everyday

Electronics

when

replying
to
advertisements.

*
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ELECTRON-RIT

BUILD, DISMANTLE
AND REBUILD OVER
100 DIFFERENT
PROJECTS AND
DESIGN NEW
CIRCUITS TOO

Radlo  Recel and T
Teleph A

Time
Battery Checkers, Computer Circults,
Amplifiers, Directional  Transmitters,
Metal Detectora, Testers,
Electronics Birds, Guns, Metronomes,
Sluna. Roulette, Etc., Etc. ALL IN ONE

s, . . educational kits of
Qxccptlonal quality'’
(AUDIO mag.)
‘. . . worthwhile .. . good
value for money"’
(EVERYDAY
ELECTRONICS mag.)

Educational manuals included
with each kit. No previous
experience required. Suitable for
beginners and experts too.

100 project kit £19:60

43 project kit £15-60

23 project kit £12-10
(Add-on kits available too)

Prices include Manuals,
Batteries, VAT and p and p

heque/P.O. (or 11p for Illustrated litera-
ﬁ":q o/ 4 L3 % i

ELECTRONI-KIT LTD, 408 St. John's Street,
London, EC1.|01-278 4579

B. H. COMPONENT FACTORS LTD.

SPECIAL CAPACITOR KIT.
C280 Kit—PC Mounting golyntu 230V 8 or each
value: 0-01, 0-02%, 0-047,0-1, 0-221F, loi‘o'd.'l' 1

€298 Kit—Tubular polyester, 400V § of each nluo
0-01,0-022,0-047,0-1,0 2214, 201 0-4TUF £2-43 net
Ceramic KIHquuo plaque 50V S of each value:
!l 33, 47, 100, 220, 330, 470, 1000pF, 2200, 4700pF,
- uF £1-T net
uov Paper KI!—Tubullv metal case 3 of sach
value: 0-08, 0-1 14F £1-29 net
500V Paper KIl—Tubullv metal case 3 of each
value: 0-028, 0-:06, 0-1, 0-028, 0-8.F £1-29 net
1000V va Klt-'l’ubulu metal case 3 of sach
value: 0-01, 0-025, 0-06, 0-1LF £1-30 net

MULTHMETER
n Rnn‘gu plus AF/IF Osclllator

mov In 7 ranges.
Vne—! 5—1000V in @ ranges,

u—u&aA InS unuu
Rnllhneo—e —1M Q in

os.
Accu F.8.0.
08Cl TO —| KM,
408KHz (A, M.) at lunl 1 Volt
3!!0—1” x 07 x 40mm,
Supptied com; loh with carrylng

i-.
cuo. test leads and battery.

RICE £19-70 net U432y

MULTIMETER U324
M Rnnau. High Senslitivity.
000£3/Volt.

/Vo
Vde—0-8=—1200V In 0 rangee.
Vac—3—-800V In § ranges.
Ide—0-08—3A in 6 ranges.
lac—0-3—3A In § ran;
Resistance—23 2 Q in 5 ranges.
Accuracy—dc lnd R-24% of F, 8 D

ac and d %ofF.S

$Size—167 x 98 x 63mm,
Sunpllod complete with storage case.
tes ludl. spare diode and battery.
PRICE £12-47 net U424

.

TEACH-IN .Illl. c.o#roulu'r LU s

ALL COMPONENTS As SPECIFIED BY E.E.
FULLY GUARANTEED AND NEW_STOCK
(INCLUDES BATTERIES) £18-19 NET

wWOo0oD KIT
includes all wood as specified by E.E.,, cut to
size, ready to and |
ans screws, (Not drlllg'd')

FULL LIST AVAILASBLE, I A.E. PLEASE OR
FREE WITH CATALOGUE

(8. I& LEIGHTON ELECTRONICS CENTRE*
$9 NORTH STREET, LEIGHTON BUZZARO.
LU7 7EG. Tel: Leighton Buzzard 2318 (Std. Code '

561



d 2.Become a 15
radio amateur. 3

Learn how to become a radio-

amateur in contact with the whole
world. We give skilled preparation ‘
for.the G.P. O hcence

W step, we take you through
all the fundamentals of electronics
and show you how easily the sub-
ject can be mastered using our
unique Lerna-Kit course.

11) Bmld an oscilloscope.
E3Y | (2) Read, draw and understand
f circuit diagrams.
> ~ (3) Carry out over 40 experi-

R @ | ments on basic electronic . v A f

44 ~ circuits and see how ] N , |

A Jirs o0 they work. e |
-------------------ih-----------

Brochure, without obligation to: EEC 10 l

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, ]

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

NAME |

ADDRESS Block caps please [j
L L Y T P P T Y T T I T T Il N T I T " YT Y I T “T T

DIGITAL CLOCK

C =

W PLEASANT GREEN DISPLAY
W 12/24 HOUR READOUT % PUSH BUTTON SETTING
W FULLY ELECTRONIC % BUILDING TIME | HOUR

COMPLETE KIT PRICE £11'07 inc. VAT

BUILT CLOCK PRICE £14'95

% PULSATING COLON

ELECTROTIME  |.co, MOPet Teei b obe Ties
CONTINUOUS
SPECIALISTS IN ELECTRONIC TIMEKEEPING READOUT
UTILISING
ELECTRONIC DIGITAL ALARM CLOCK Lp'::':y‘“““'-
MODEL EC3
g WITH BACKLIGHV/ FEATURES—
FOR NIGHT
READING /, | RFHOURS
3 * MINUTES
FEATURES— / % SECONDS
\\g % HOURS * DATE
* MINUTES / # DAY OF WEEK
* LARGE 4 DIGIT DISPLAY % 24 HOUR ALARM % SECONDS
% AM/PM INDICATOR * BRIGHTNESS CONTROL
% FLASHING SECONDS INDICATOR % ATTRACTIVE WHITE CASE PAADATE
% 5 MINUTE REPEATING SNOOZE
ALARM
comMPLETE BUILT cLock price £14 inc. var ruopium £39- 95 £29-50 1nc. var
GOLD OR
THE “MISTRAL” | oo £41:50 tnc var R EDIOh AT ee

We are proud to announce the opening of our new Showroom in which
you will find one of the Largest Ranges of Di m.l Eleactronic Clocks and

1( so why not call in and see us! One year's
guarantee with all modaels Electronic accuracy to within seconds per week

Watches available in the U

ELECTROTIME, DEPT.4,8, |, SHEPLEY'S YARD,
SHOPPING PRECINCT, TOWN CENTRE,
CHESTERFIELD, DERBYSHIRE. TEL (0246) 35804

PLEASE SUPPLY

| ENCLOSE CHEQUE/POSTAL ORDER

NAME

ADDRESS

Published approziniately the third Frilay of esch month by 1PC Magazinen Ltd., Fleetway House, Farringdon 8t., London EC4 4AD. Printed in Fngland by Index Printers Ltd., Dunstable

Beds. 8ole Agents for Australin and New Zealand—@Qordon and Gotch (A/Sla) le Bouth Atrica—Cen
nainely that it shall not, without the written consent of the Publishers first given, be ient, resold,

tral News Agencv Ltd. Everyday Electronics ia sold subject to the (ollowlng conditions
hired out or otherwive disposed of by way of Tude at more thun the recommended selling

price shown on cover, uclndlmz Eire where the velling price is subject to V.A.T., and thut it shall not be lent, resold, or hired out or otherwise di ofina dition or ir
any upauthorised cover by way of Trude, or aftixed to or as part of any pnbucauon or advertising, literary or pictoria) matter whatsoever.




FROM BI-PRE - PAK

@ St’rline Sound Droducts

MORE POWER—LESS SPAGE
GREATER VALUE

$5.140 MK.3

POWER
AMP.

UNIT 1 PRE-AMP/GONTROL

SUPERB8 VALUE AT STEREO MODEL
% !
ﬂ

£17.80

WITH ACTIVE
TONECONTROL

CIRCUITRY

Built for
UNIT I, latest addition in the ® :::’t"':bl‘:""t'"ty_so mV, 3d- hard Work
Stirling Sound range of realisti- = .
cally priced constructional mod- : s;‘;:’:;m}g?_r?x;‘:’rasgt?ov._;: 40 WATTS Resulting from research and
ules s going to assure many Trebl " 15 d development, the Mk.3 version
many more constructors of ® I"e He congrol=J B at R.M.S. of this most popular power amp.
obtaining quality where price 0 kHz INTO 40} now includes built-in  output
has prevented It before. UNIT 1 @ Balance control; volume con-. capacitor with improved stability
offers full stereo facilities, is trol; bushed spindles through- £3 95 under severest working condi-
guaranteed and easy to connect out. . tions. Greatly used for P.A,, disco
up. @ Operating voltage—I10 to 16V 5 and similar work, SS5.140 offers
MADE IN OUR OWN FACTORY IN ESSEX 8% V.A.T. fantastic value for the price.

Build and save with Stirling Sound

B8ASIC MODULES FOR BUILDING UP TO A STEREO TUNER-AMP
POWER AMPS

Stirling Sound
. | POWER

$$.103 3W r.m.s. amplifier Incorporating 1.C/SL60745.
With current, short-circuit and thermal protec
tion £1-75 PAcKs
SL.103-3 Stereo version of above £3-25 4
$S.105  5W amplifier to run from 12V (34" x 2” x ") £2:25 e
$S$.110 Mk.3 Similar to SS.105 but more powerful point
giving 10W into 4 ohms, using 24 volts £2-75
$6.120 Mk. 3 20W module when used with 34 volts
into 4 ohms £3-00
CONTROL
$6.100 Active tone control, stereo, £ 15dB cut and
boost with suitable network £1:60 NOW 7
$S.101 Pre-amp for ceramic p.u., radio & tape with MODELS TO
passive tone control details £1:60 CHOOSE FROM
$S5.102 Stereo pre-amp with R.).A A equalisation, mag., Not only do these excellent power
p.u., tape and radio in £2°25 packs stand up unflinchingly to hard

F.M. TUNING

work, inclusion of a take oft point at
around 13-15 V adds to their useful-

$S.201 Front end, geared drive capacitor tuning, 88-108 ness and once again price value is
MHz. AFC facility £5:00 outstanding. Add 50p for p/p any
$5.202 |.F. amp A meter and/or A.F.C. can be con- model.
nected (size 3" x 27) £2-85
$5.203 FS'E'GO dletﬁosd?'l, SST— h Made to serve for years
oruse w tirling Sound modules, or with any
other good mono F.M. tuning section. A L.E.D. $8.312 12V)1A £375*
beacon can be added to indicate when a stereo $8.318 18V/1A £4-15*
signal Is tuned in (3" x 2) £385 SS.324 24VI1A £4-60*
POWER STABILISER S$S5.334 34V/[2A £5-20*
$6.300 Add this to your unstabilised supply to obtain a ~
steady working voltage from 12 to 50V for your $S.345 45V[2A £6-25
audio system, workbench etc. Money saving and S$S.350 50V/2A £6-75*
very reliable £3-25°

$5.310/50 STABILISED VARIABLE POWER
SUPPLY to give any desired output from
10 to 50 volts as and when required. Built-in
tion showroom. All welcome protection against shorting. With heat sink,
built and testen €11 00

F—------------q
TO STIRLING SOUND (BI-PRE-PAK LTD.). 220,224 WEST
ROAD, WESTCLIFF-ON-SEA, ESSEX SS09DF

We have extended our premises
and opened up a new demonstra-

TERMS OF BUSINESS: NEW SH[]WR[][]M

VAT at 124 % must be added to total value of order except for items marked *
or (8%) when VAT js to be added at 8%. No VAT on overseas orders. POST
& PACKING add 30p for UK orders unless marked otherwlise. Minimum mall
order acceptable—E1 Overseas orders, add £1 for postage. Any difterence

will be credited or charged. PRICES subject to alteration without notice
AVAILABILITY All items available at time of going to press when every
eflort Is made to ensure correctness of Information

Ptease send

for which 1 enclose £

Order your Stirling Sound products from

inc. V.AT
BI-PRE-PAKLTD
NAME
Co Reg No 820919 ADDRESS

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

CHEQUES MONEY ORDERS PAYABLE TO BI-PRE-PAK LTD

EEC10 l
———-——————-——J

r- 1 I 1 |



MAPL

ENTS
LECTRONIC COMPON.
5/05 ANGE-HIGH QUALITY-FAST SERVICE

BUILD IT YOURSELF ...

IN STAGES
Got storted with o 49 note instru.
ment — features tremulant end
reverberation. Ideal to lsarn on,
Leaflet MES 51. Price 15p gives
full details to build this complete
instrumaent,
Extend the range of MES 51 by
odding enother keyboard snd
several new tone colours. Leaflet
MES 52. Price 15p also shows how
to use 61 note keyboards.

Fully controllable attack and
decay controls (normally found
only on the most expensive
organs}, up to seven footages
on each keyboard, up to 70
controls including drawbars,
sand » 13 note pedalboard,
make up the sdditions des-
cribed in the step-by step 32
page instruction leafiet MES
53. Price 35p.

L0

DI9CO

Full construction details to be
published in Electronics Today
International on sale August.

@'ving full detayls tor construction
be the Deejay everyone wants at their party!

* Automatic vorce operated fader
* Belt drive turntables
* Monitor factities
{Headphones snd VU mcters)
* Sound operated light show -
plus many other sdvantages
Send for our leatiet MES 41
Price 200 Soon you

Ger our FABULOUS
NEWT977/78 CATALOGUE

PUBLICATION DATE OCT.28. 1975 OM APPROVAL

We stock all the parts for this brilliantly

designed synthesiser, including all the

PCB’s, metalwork and a drilled and
printed front panel, giving a superb professional finish. Opinions of
authority agrse the ETI International Synthesiser is technically superior
to most of todays models. Complate construction details in our booklet
now available price £1.80, or send SAE for specification.

A really superior high. quality
stereo graphic equalizer featuring
9 octaves per channel. We stock
all the parts (except woodwork) including the metalwork
drilled and printed. I15p brings you a reprint of the article.

 £86

INC. VAT
EF/P

—
This is a fully constructed and tested
electronic clock module as illustrated.
Data sheet supplied. Simple to connect
to alarm and your battery/mains radio. Smart case available
Data sheet available separately. Please send SAE.
° Bright 4 Digit 0.5 Display * Sieep Timer
* Flashing Colon {1Hz) * Snooze Timer
* Switch for Display Seconds ¢ Time can be zet accurately to
* Alarm Set Indicator within one second
* P M. indicstor * Lesding Zero Blanking
* Power Failurc Indicator
SIMPLE ALARM KIT — £9.138 AL»MM CLOCK KIT - £10.99
ALARM CLOCK & RADIO CONTROLLER KIT - £11.51
SMART PLASTIC CASE with fulty punched chassis — (249
Plesse 1end SAE for our Clock date sheet

r-—_--—-----_q

\| Please rush me a copy of your brand new 197778
catalogue theinstant itis published (October 28th,
1976). Only if | am completely satisfied that it
is worth every penny will | send SOp within
14 days of receipt. If | am not satisfied | may
return the catalogue to you within (4 days

l without obln;uion.hl understand that | need
not rchase anything from ° talogue
All new p ;omple:ely reswritten Hundreds of new lines. s:ouldpul :haooseamy k;eﬁ it I your TRy
Lots of exciting new projects to build ~ PRICE 50p. I
SEND NO MONEY NOW Overseas send 8 International reply coupons

B vame
IOIN OUR MAILING LIST NOW! * SAV § A
Published every two months our Newsletter g;;:ntstl'o" SHECIAT I ADDRESS
gives full details of our latest guaranteed prices

Send just 30p and we'll send you the next six
news letters as they are published.

(=]

MAPLIN ELECTHONIC SUPPLIES

* DETAILS OF NEWPROJECTS
AND NEW LINES

Allmail to PO Box 3 RAasyleigh, Essex SS6 8LA
Shop 284 London Road, Westchif! on-Sca. Essex
{Closed on Mondav). Tol Southend (0702) 44101

1 you do not wish 1o cut Mmagezine, write your
request 10! cateiogue on separete shaest

197576 GREENCOVER CATALOGUE STILL
AVAILABLE PRICE 40p

1
1
L------------J




