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SEMICONDUCTORS-COMPONENTS

BABANI BOOK OFFER

SUPER UNTESTED PAKS

LINEAR PAKS

Manufacturer’s */Fall Outs'* which Include
Functlonal and part-Functional Unlts. These
are classed as '‘out-of-spec” from the
maker's very rlgld specifications. but are
Ideakl for learning about ICs and experimentalt
work,

U721—30 Assorted Linear Types 709, 741, 747,
748, 710, 588, etc.

ORODER No. 16227 *£1-50
U76SD FM STEREO DECODER
§ ICs 76110 equlvaient to MC1310P-MAT767.
Data supplled with pak,

ORDER No. 16229 *£1-50
U76A AUDIO POWEROUTPUT
AMPLIFIERS
8 assorted types. SL403. 76013, 76003, etc.
Data supplied with pak.

ORDER No. 16228 *£1-00

74 SERIES PAKS

Manufacturer’s *Fall_ Outs*' which Inciude
Functional and part-Functional Units. These
are classed as *'‘out-of-spec’’ from the
maker's very rigid specifications, but are
Ideal for learning about ICs ana experimental

work.
746—100 Gates assorted 7400-01-04-10-50-60,

c.

ORDER No. 16224 £1-20
T4F—50 Filp-Floops assorted 7470-72-73-74-76-
104-109, etc.

ORDER No. 16225 £1-20
74M—30 MSI. Assorted Types. 7441-47-90-154.

etc,
ORDER No. 16226 £1-20

VEROBOARDS PAKS

VBt—Approx. 30sq. In varlous sizes. All 0-1ln
matrix.

ORDER No. 16199 60p
VB2—Approx. 30sq.in various slzes. 0:15ln
matrix.

ORDER No. 16200 80p

ELECTROLYTIC PAKS

A range of paks each containing 18 first quality,
mixed vaiue miniature electroiytics.

C1—Values from 0-47mF to 10mF
ORDER No. 16201

*80p
EC2—Values from 10mF to 100mF

ORDER No. 16202 *60p
EC3—Values from 100mF to 680mF

ORDER No. 16203 *60p

C280 CAPACITOR PAK
75 Mullard C280 capacitors mixed values
ranging from 0-014F to 2-2uF complete with
identification sheet
ORDER No. 16204 *£1-20

Purchase books to the value of £5-00 from the list below and | Pak Order

choose any 60p pak from this page FREE, No. Qty. No. Price

BP2 Handbook of Radlo, TV & Industrial & Transmitting uso 100 Germ gold bonded QA47 dlode 16130 £0:60

Tube & Valve Equlvalents 60p | U51 150 Germ OA70/81 diode 18131 £0-60

BP3 Handbook of Tested Transi Clrcuits 40p | U52 100 Sllicon dlodes 200mA QA200 16132 £0:60

BP6  Engineers and Machinists Reference Tables 40p | US3 150 Dlodes 75mA 1N4148 15133 £0-80

BP7  Radlo & Electronic Colour Codes and Date Chart 15p us4 50 Sll rect top hat 750mA 16134 £0-80

BP0 Iédodlern Crystal and Transistor Set Clreuits for b'gg 20 Sl re\f\} stud fleeg amp }5}35 50‘23

eglnners 3! 50 400mW zeners )7 case 6136 £0°

BP14 Second Book of Translstor Equivalents sg: us7 30 NPN trans BC107/8 plastic 16137 *£0-60

BP15 Constructors Manual of Electronlc Clrcuits for the Home 50p | Us8 30 PNP trans BC177/178 plastic 16138 *£0-60

BP16 gﬁn:!bookhof Electronic Clrcults for the Amateur USg 25 gzg :II:OSS 2“697I2N:|711 sillcon }6:39 20'50

otographer 60, Us6i 25 059 2N2905 sillcon 6140 0:60

BP18 Boys and Beglnners Book of Practlcal Radlo & Electronics sog ue1 30 NPN TO18 2N706 silicon 16141 £0-80

BP22 79 Electronic Novelty Clreults T5p us2 25 NPN BFY50/51 16142 £060

BP23 First Book of Practlcal Electronic Projects 75p | U3 3o NPN plastic 2N3906 silicon 16143 *£0:60

BP24 52 Projects Using IC741 (or equivalents) 5p ue4 30 PNP plastlc 2N3905 sillcon 16144 *£0-60

BP26 Radlo Antenna Handbook for. Long Distance Receptlon uss 30 Germ 0071 PNP 16145 £0°60

and Transmisslon 85p uee 15 Plastic power.2N3055 NPN 16146 £1-20

BP27 fiant gharg Iof Radio Eiectronlc Semiconductor and lljgg 1g ‘{10131 me:al 2N3055 tl"IPsNS 16}47 gl)zg

ogic Symbols 60| 2 nijunction trans 4 16148 g

BP29 Major Solid State Audio Hi-Fi Construction Projects .53 uss 10 1amp SCR TO39 14149 £1:20

gsgg gowt}o IBuRIId Ylour Own Metal &'Trelasure Locators 85p | U70 8 3 amp SCR TO66 case 16150 £1-20

ractical Repalr & Renovation of Colour TVs 95p
T H Code Nos. mentloned above are glven as a gulde to the type of device

BEs3 gg:gmﬁiﬂ- IC Audio Preamplifier & Power Amplifier 95p inthe pak. The devices themselves are normally unmarked,

BP36 50 Clrcults Using Germanium, SiHcon and Zener Diodes 5p

BP37 50 Projects Using Relays, SCR’s and TRIACS 1-10p

BP39 50 (FET) Field Effect Transistor Projects 1:25p N P

129 Universal Gram-motor Speed Indlcator 08p

160 Coll Design and Construction Manual 50p

161 Radio, TV and Electronics Data Book 60p | Pak Order K

19  AF-RF Reactance—Frequency Chartfor Constructors 15p | No. Qty. ) i No. Price

202 Handbook of Integrated Circuits (ICs) Equivalents and C1 200 Resistor mixed value approx. 16164 *£0-60

Substitutes 75p {count by welght)

205  First Book of Hi-Fi Loudspeaker Enclosures s0p | C2 150 Capacltors mixed value approx, 16165 *£0-60

213 Electronic Circults for Model Railways 85p (count by weight)

214  Audio Enthusiasts Handbook 85p c3 50 Precision resistors. Mixed 16166 £:060

216 Electronic Gadgets and Games 85p values

217 Solld State Power Supply Handbook 85p | C4 80 4W resistors mixed preferred 16167 *£0-60

219 Solld State Novelty Projects 85p values

220 Build Your Own Solid State Hi-FI And. Audio cs 5  Pleces assorted ferrlte rods 16168 2£0-60

Accessorles 85p | C8 2 Tuning gangs. MWHAW VHF 16169 *£0-60

222 Solid State Short Wave Receivers for Beginners 95p | C7 1 Pack wire 50 metres assorted 16170 £0-60

ggs gg E’Rﬁﬁé‘s U;Ins e 0130 w2 lcs 10 R codlourlstcs':ngle sliand 1617 *£0-60
4 rojects 95 eedieilIcnes .

225 A Practical Introduction to Digital IC's 95: c9 3 Micro switches 16172 +£0-60

226 How to Build Advanced Short Wave Recelvers 1-20p { €10 15 Assorted pots 16173 *£0-60

RCC Resistor Colour Code Disc Calculator 1op | C11 5 Metal jack sockets 3 x 3-5mm 16174 *£0-60

2 x standard switch types
ci2 30 Paper conde:serls preferred 16175 *£0-60
\( types mixed vaiues
TH R I STO R S c13 20 Electrolytics trans. types 16176 *£0-60
600mA TO18 CASE 7 AMP TO48 CASE e f Pak ?ss:rltted hardw?re—1 5 2 o
s, 5 ets, etc.

Volt No Price Volts No. Price | C15 S M:i%sglfdess;!vrlgcrnes a:s‘f 16178 *£0-60
10 THY600/10 £0-15 50 THY7A/50 £0-48 | C16 20 Assorted tag strips and panels 16179 £0°60
20 THY600/20 £0:16 100 THY7A/100 £0:51 | C17 15 Assorted control knobs 16180 *£0-60
30 THY600/30 £0-20 200 THY7A/200 £0-57 | C18 4 Rotary wave change swltches 16181 *£0-60
50 THY600/50 £0-22 | 400 THY7A/400 £0°62 | C19 2 Relays 6-24V operating 16182 *£0-60

100 THY600/100 £0-25 600 THY7A/600 £0-78 | C20 1 Pak. copper laminate approx 16183 £0-60

200 THY600/200 £0-38 800 THY7A/800 £0-92 200 sq. in

400 THY600/400 £0-44 821 15 Assonepdvvusels 100mA-5 amp, :e}u £0-60

10 AMP TO48 CASE 22 50 Metres C sleeving assorte: 6185 £0:60
Volta Nol Price size and colour RE

Vol 1 AMP TO5 CASE i, 150 THYWAISO £0-51 c23 60 }\:Ivaalt‘twr:swtors mixed preferred 16168 £0-60
olts No. rice 00 THY10A /100 £0-57 d d val 16186 *£0-50
50  THY1A/50 £0-26 | 200  THY10A/200 £0-62 | €24 25 Presets assorted type and value [

100 THY1A/100 £0-28 400 THY10A /400 £0-71 C2s 30 Metrles stranded wire assorted 16187 £0-60

200  THY1A/200 £0-32 | 600  THY10A/500 £0-99 (LACTIE

ggﬁ ;mnﬁuoo £0-36 800 THY10A /800 £2:22

0 1A/600 £0-45
800  THY1A/800 £0-58 TSTAMP.TOMBICASE SLI DER PAKS
Volts No. Price
50 THY16A/50 £0:54 Pak Order
3 AMP TO66 CASE 100 THY16A/100 £0:58 No. Qty. 0. Price

Volts  No. Price 200 THY16A/200 £062 | 51 6 Slider potentiometers, mixed 16190 *£0-60
50 THY3A/50 £0-28 400 THY16A/400 £0:77 values

100 THY3A/100 £0-30 600 THY16A/600 £0-90 | s2 6 Slider potentiometers. all 470 ghms 16191 *£0-60

200 THY3A/200 £0-33 800 THY16A/800 £1:30 | s3 6 Slider potentiometers. all 10k Q lin 16192 *£0-60

400 THY3A/400 £0-42 S4 6 Siider potentiometers. all 22k Q lin 16193 *£0-60

600 THY3A/600 £0-50 30 AMP TO94 CASE S5 6 Slider potentiometers. all 47k Q lin 16194 *£0-60

800 THY3A/800 £0:65 Volts No Price | S6 6 Slider potentiometers. all 47k Qlog 16195 *£0-80

S0 THY30A/50 £1:18
100 THY30A /100 £1-43
5 AMP TO66 CASE 200  THY30A/200 £1-63 C E RA M I C PA K

Volts No. Price 400 THY30A /400 £1-79
50 THY5A/50 £0:38 600 THY30A /600 £3-50 _—— .

100 THY5A/100 £0:46 E‘ Ir Idavraalr';ge of first quallty minlature ceramlc capacitors.

201 0 k nr 5

%00 ?W?ﬁﬁog £037 | No. Price | Pak Order

600  THY5A/500 £0-.69 | BT101/500R £0-80 | No. Oty A ) No. Price

800 THY5A/800 £0-81 BT102/500R £0-80 | MC1 24 minlature ceramic capacltors 16160 °£0-60

e a St o Ao
. , 39pF, 47pF, 68pF an
BT108 £0-98 325}-‘ i L s
5 AMP TO0220 CASE 2N3228 £0-70 MC2 24 miniature ceramic capacitors 16161 *£0-60

Volts No. Price 2N3525 £0-77 3 of each value—100pF, 120pF

400 THY5A/400P £0-57 BTX30/50L £0-33 150pF, 180pF, 120pF, 270pF.

600 THY5A/600P £0-69 BTX30/400L £0-46 330pF, and 390pF

800 THY5A/800P £0-81 C106/4 £0-60 | MC3 24 miniature ceramic capacitors. 16162 *£0-60

3 of each value—470pF, 560pF.
680pF, 820pF 1,000pF, 1,500pF.
. ] 2,200pF and 3.3IOOpF ’ *£0760
MC4 2 miniature ceramic capacitors. 16163 ¢
ORDERING 3'of each value—a, 700pF, 6,800pF.

PLEASE WORD YOUR ORDERS EXACTLY AS

PRINTED. NOT FORGETTING TO

PART NUMBER

VAT

INCLUDE OUR |

ADD 124% TO PRICES MARKED* ADD 8% OT
OTHERS EXCEPTING THOSE MARKED t THESE ARE
ZERO RATED.

POSTAGE AND PACKING

Add 25p for postage and packing unless otherwise

shown. Add extra for airmail. Min. order £1.

0-01uF, 0.015uF, 0-022uF
0-033uF and 0-045uF.

CARBON RESISTOR PAKS
These paks contaln a range of Carbon
Resistors, assorted Into the following groups
R1—60 mixeo § W 100-820 ohms

ORDER No. 1621

ER *50p
R2—60 mixed § W 1-82kQ
ORDER No. 16214 *80p
R3—60 mixed § W 10-82k0
ORDER No. 16215 *60p
R4—60 mixed § W 100820k
ORDER No. 16216 *60p,
R5—40 mixed § W 100-820Q
ORDER No. 16217 *60p
6—40 mixed $W 1-8-2kQ
RDER No. 16218 *60p
R7—40 mixed § W 10-82kQ
ORDER No. 16219 “60p
R8—40 mixed ; W 100-820kQ
ORDER No. 16220 *80p
R9—60 mixed § W 1-10MQ
DER No. 16230 *80p
R10—40 mixed § W 1-10MQ
ORDER No. 16231 *80p

Just a selection from our
huge stocks
SEE OUR
1977 CATALOGUE

126 pages packed with
valuable information

ORDER NOW
ONLY 50p
plus 15p p. & p.

AT

E.E. TEACH-IN-KIT

BI-PAK OFFER YOU A FULL KIT
OF PARTS (LESS BATTERIES)
WHICH WILL ENABLE YOU,
SUCCESSFUILLY, TO COM-
PLETE ALL THE PROJECTS IN
THIS COURSE.

ONLY £11:50 incl. V.A.T. & P.P.

Dept. EE10, P.0. Box 6, Ware, Herts
SHOP 18 BALDOCK ST., WARE, HERTS.

OPEN 9 to 5.30 Mon/Sat.



LOOK! Heres how you
master electronics.

..the practical way.

This new style course will enable anyone to
have a real understanding of electronics by a
modern, practical and visual method. No
previous knowledge is required, no maths, and
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.

1Buildan 2 Read,drawand  3Carry out over

oscilloscope. understand 40 experiments

As the first stage of your training, you rc'" d ba
actually build your own Cathode ray CI lt lagrams' on SIC Cll’CUltS.
oscilloscope! This is no toy, but a test In a short time you will be able to We show you how to conduct
instrument that you will need not only read-and draw circuit diagrams, under- expariments on a wide variety of different
for the course's practical experiments, but stand the very fundamentals of television, circuits and turn the information gained
also later if you decide to develop your radio, computors and countless other into a working knowledge of testing,
knowledge and enter the profession. It electronic devices and their servicing servicing and maintaining a!ll types of
remains your property and represents a procedures. electronic equipment, radio, t.v etc.

vety large saving over buying a similar
piece of essential equipment,.

All students enrolling in our courses receive
a free circuit board originating from a
computer and containing many different
components that can be used in experiments
and provide an excellent example of current
electronic practice.

% 4« N § ¥ 8 & § R B N § F§B § ]
To find out more about how to learn electronics in a new, exciting and absorbing way, just clip the
coupon for a free colour brochure and full details of enrolment.

British National Radio & Electronic School |

P.O. Box 156, Jersey, Channel Islands,

NAME . I
ADDRESS

- EEBS Block caps please
. ¥ & @R N 2 B B & 2 N R § § ® ¥ F F§E ]
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DEGINNER'S GUIDE TO RADIO

GORDON J. KING - 8th Edition

@ Introduces the reader in easy step-by-step stages to all aspects
of radio technology, from simple electromagnetic theory to
the full range of radio components and circuits.

Completely rewritten and updated, the 8th edition contains
all the latest developments in radio technology.

Written in a non-technical style with a minimum of mathe- i i

matics, this new edition will develop the reader’s knowledge
and interest, and enable him to use radio equipment with
confidence and skill.
( ANOTHER RECENT TITLE )

Beginner’s Guide to Integrated Circuits
I. R. Sinclair

CONTENTS: What is an Integrated Circuit?
Production of i.c.s., Simple Voltage Amplifier i.c.s.

CONTENTS: Electricity and magnetism. Radio
signals. Signal propagation and reception.
Transmitter principles. Receiver principles.

Radio components. Valves, solid-state devices
and transistors. Integrated circuits. Microphone,
pickup and loudspeaker. Modern radio receivers.
Index.

Sept. 1977 240 pages £2.75

Simple Digital i.c.s., MOS i.c.s., Domestic Uses ofi.c.s.
Other Specialised i.c.s., Practical Construction, Index.

1977 192 pages
\

£2.75 )

. Order NOW from
NEWNES TECHNICAL BOOKS
D Borough Green, Sevenoaks, Kent TN15 8PH

SPECIAL OFFER FOR
READERS

£18:50 inc VAT + £1:45p. & p. & i.

AM/FM Radio Alarm Clock (AC 220-240V only)
24-Hour Clock

High quality white abs case

Push-button mode selection

Sleep delay control

llluminated clock and radio scale

Alarm with buzzer and/or music

All chrome control knobs

Complies with BS415, (1972) safety requirements
Each unit fully inspected before despatch
Guaranteed for one year

Please send cheque or postal order to:

D. & D. POWER SUPPLY CO. LTD.
79 LOWFIELD STREET, DARTFORD, KENT

Please allow 10-14 days for delivery
Callers welcome Monday-Friday 9-5, Saturday 9-1.

CRESCENT RADIO LTD.

164-166 HIGH ROAD LONDON N22 6EJ 888-3206
(also) 13 SOUTH MALL, Edmonton, N.9 803-1685
MAIL ORDER DEPT. 1 St Michaels Terrace Wood Green
London N22 4SJ Phone 888-4474

POWER PACKS
PP1 Switched 3, 44, 6, 74, 9 and 12
volt @ 500 m/a. with on/off switch and
pilot light, Size = 130 mm . 55 mm X
75 mm. ONLY = £6-00 -+ 8% VAT.

T1 MULTI-METER
Ideal tester for everybody interested in
electronics. Weighing less than 100
grammes and only 60mm X 24mm X
90mm. Ranges: AC volts: 0-10v, 50v,
250y, 1,000y, D.C. volts: 0-10v, 50v,
250v, 1,000v. DC current: 0-lm/a,
0-100m/a. Resistance: 0-150K ohm.
PRICE £5-80 + 8% VAT.
“C100”° 100 WATT AMPLIFIER
All built and tested, mounted on a
plain aluminium chassis which meas-
ures 18" X 94" X 4" and which you can
mount into a cabinet of your choice.
Four Controlled Inputs, Master Vol-
ume, Treble, Middle and Bass Controls.
S/C protected output. 100 watts clean
into 8ohm L/S. Ideal for Disco, Music,
Groups. PA and Clubs. A Bargain at
£52-50 4 8% VAT.
~ FERRIC CHLORIDE
Anhydrous ferric_chloride in double
sealed one pound Poly packs.
OUR PRICE—£1-25 + 8% per lb.

ABS PLASTIC BOXES

Handy boxes for construction projects.
Moulded extrusion rails for P.C. or
chassis panels. Fitted with 1mm front
panels.
1005=105mm X 73mm X 45mm =82p
1006=150mm x 74mm X 47mm = £1 ' 00
1007=185mm X 124mm X 60mm = £2-20
1022 =107mm X 85mm X 45rom =82p

(sloping front) Plus 8% VAT

PIEZO ELECTRIC HORN UNITS
New High Quality Hizh Power Tweeter..
No form of crossover network is re-
quired as low frequency voltages simply
have no effect on the Tweeter,
Specification:

Frequency Response: 3-8KHz to
28KHz #*3db. (Imput 4V rms Pink
Noise—Output 105db) Max, continuous
RMS Input Voltage: 25V.

]V\i»i,nimum Series Resistor: 10 ohm at
1w,

Weight: 63 gm, (2-25 oz.).

Panel Cut Out: 76mm dia. (3in).

Size: 85mm X 85mm X 75mm.
Rating: Depending on connections up
to 100W approx.

Price: £9:35 + 8% VAT.

3 K’WATTS PSYCHEDELIC LIGHT

CONTROL UNIT
Three Channel Bass,
Middle, Treble. Each
channel has its own
sensitivity control. Just
connect the input of this
unit to the loudspeaker
terminals - of an amplifier

and connect three 250V up to 1000W lamps t0 the
output terminals of the unit, and you produce a
fascinating sound-light display. (All guaranteed).

£20°00 + 8% VAT,

MINI LOUDSPEAKERS
24~80 ohm £1-10 Hiz%

21" 8 ohm £1- 10J

BARG.
PROJECT BOX
A plastic box with moulded
extrusion rails for PC or
Chassis panels with metal
front plate fitted with four
screws (all supplied). SIZE
(mtemal) 8lmm X S1mm

OUR PRICE 70p+8% VAT

ALL PRICES
INCLUDE POSTAGE

All prices are exciuding VAT. Please
add to each item the VAT rate in-

dicated to all orders

ACCESS AND BARCLAYCARD ACCEPTED
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DISCO AMP?
POWER SUPPLY?
TEST EQUIPMENT?

VERO have a case to suit your needs.

VEROPAK CASES are available in five sizes. They are
manufactured from P.V.C. clad steel with 16 S.W.G.
aluminium front panels, anodised to a very high standard.

VEROPAK CASES were designed for industrial instrument
use. They are a strong, attractive housing that will protect
your delicate circuits for a lifetime.

Send for our booklet which describes Veropak cases,
Veroboard, Pins, Tools, Plastic cases etc. S.A.E. 7" X 9"
plus 10p to:-

VERO ELECTRONICS LTD. RETAIL DEPT.
INDUSTRIAL ESTATE, CHANDLERS FORD, HANTS. SO5 32R

ICs TRANSISTORS RESISTORS
DESPATCHED ON DAY ORDER RECEIVED /A @ E
3 1
v, &
_ SWITCHES LAMPS PLUGS, SOCKETS
ol=lp|o= A ACE MAILTRONIX LTD
B ¥ Dept EE Toatal Stret
® Wakefield, W. Yorkshire WFI 5JR
® S » afja RO oiz{d = [}

SEND STAMP ADDRESSED ENVELOPE NOW FOR THE EASY TO
USE ACE ORDER FORM CONTAINING 500 TOP QUALITY POPULAR
ELECTRONIC COMPONENTS AT PRICES YOU CAN AFFORD. P&P
‘FREE ON ORDERS OVER £2, OTHERWISE 20p. ALL PRODUCTS
GUARANTEED ONE YEAR IF CORRECTLY USED. SOME EXAMPLES
FROM THE COMPETITIVE ACE RANGE WITH VAT INCLUSIVE

PRICES ARE SHOWN BELOW

BC107/108/109Metal____ 13p
BC207/208/209 Plastic Hp
2N3055 __65p
7410pAmp-8pin__ 30p
555 Timer 50p
W04 1A Bridge 3ip
7400TTL 15p
IN4148 Diode ____ 4p
INAOO1Rec 5p
BZY88 Zeners

4W Resistors CF+5 3for6p
Minpresets Horiz/vert. 8p
Electrolytic 100.F25v_____ 10p
Polyester C280 O-1.F 8p
|LED Red 02" 15p
Phonoplugs 8p
Mintoggle SPST ___80p
Wire-PVC Stranded 10Om __25p
Veroboard O-12.5x3-75____ 50p
12p | S-DEC Breadboard 216p

Get anACE P your slesue!
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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 T am expecting a further increase when my
course is completed.”

City and Guilds Certificates
Excellent job prospects await those who hold one of these
recognised certificates. [CS 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 Mainténance

Computer Engineering and Programming

Radio, TV and Audio, Engineering and Servicing
Electncal Engmeermg, Installations and Contracting

Qualify for a New Career

Home study courses for leading professional examinations
and diploma courses for business and technical subjects:—

G.C.E. Engineering Purchasing
60 subjects Farming Sales
at “0” & Heating Storekeeping
“A” levels industrial Work Study
Accountancy Management
Air Mechanical
Conditioning
Building

POST OR PHONE TODAY FOR FREE BOOKLET.

/10777
I To: International Correspondence
Schools
SINCE 1890
Dept 710L Intertext House, London
SW8 4UJ or telephone 622 9911
n

...............................................................
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You can work wonders with your free time.

There’s immense satisfaction in making
your own equipment. And you'll get excellent
results with Heathkit.

Every kit is absolutely complete down to
the last nut and bolt. The quality is the best.
And each kit has an easy to follow instruction
manual that explains exactly what to do at
each step.

So you enjoy assembling your kit and you
finish with first-class equipment every time.

That’s why Heathkit are so successful.
And that’s why the range is the biggest in the
world.

It’s all in the new edition of the free Heathkit
catalogue. Everything from the simplest to the
most sophisticated. Alarms, digital clocks,
testers, transceivers and lots more. .. even the
tools are there!

See for yourself. Send the coupon now.

NEW CATALOGUE

NEW TEST INSTRUMENTS

NEW DIGITAL BATHROOM SCALES

NEW AMATEUR RADIO EQUIPMENT

NEW AUDIO SYSTEMS AND MANY OTHER NEW ITEMS

Tt SV

EEATHKIT?

L .

| The new Heathkit Catalogue OutnowFREE. |

To: Heath (Gloucester) Ltd.,Dept. EE-107, , Gloucester,
GL2 6EE. Please send me my Heathkit catalogue |

I enclose an 11p stamp for postage. T
Schlumberger

Name.
Address

I Postcode —

Showrooms at 233 Tottenham Court Road, London (Phone 01-636 7349)
and Bristol Road, Gloucester (Phone Gloucester 29451 ).

EQUIPMENT SUPPLIES (TRADE)
Bell boxes plastic coated steel = £5-25
Magnetically operated door switch surface type . £0-65
Magnetically operated door switch flush type . £0:60
Vibro sensltive switch . £2-75
Pressure pads large 28" X 15 4 wires £1-75
Pressure pads stalr fread size 4 wires - £1-50
Alumlnium window foll 100ft. seif adhesive £2:00
Take off blocks for wlndow foll per palr £0-40
Heavy duty 6” bell £7-75
Slren 2v £6:00
37 bell.. £2-25
Key switch slngle pole + chrome pla(e £3:00
Battery for above Iarca H £2-50
Kojak horn .. . ™ i ra £15-00
CONTROI. UNITS
Battery operated model .. . - e 5 . £14-00
Battery & mains model .. . £19-00
B.S, 4737 model battery + malns . 5 as e . % .. £32:
D.L.Y. battery model . is = [ - ve 50 .. £11-00
D.L.Y, battery & mains .. . £15:00
ALL PRICES + 12-}/ VAT NO VAT EXPORTS
DISCOUNTS PER ITEM 5+ 10%, 25+ 15%, 100+ 20%. POST FREE
SAE FREE LIST FOR SPECIAL EQUIPMENT
25 STOCKTON RD. SUNDERLAND, TYNE & WEAR. ENG. Tel: 0783 77825

WE SUPPLY
THE COMPLETE KIT OF
ELECTRONIC COMPONENTS
FOR THE

TEACH-IN 78 SERIES
AT £11.25 INC. VAT & P/P

THE COMPONENT CENTRE

71, Langley Road, Watford, Herts
WD1 3PS Tel: Watford 45335

THE COVER
IS BLACK

4th ISSUE INCLUDES NEW METERS
This 144 page catalogue—Electrovalue Catalogue No. B (Issue 4, up-dated)
offers items from advanced opto-electronic components to humble (but

144 Page

& WHITE

52

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 continue on many
purchases; Access and Barclaycard orders are accepted. FREE POSTAGE
on all C.W.0. mail orders in U.K. over £2-00 list value (excluding V.A.T.) If

under add 15p handling charge.

WE CAN SUPPLY ALMOST EVERYTHING TO SPECIFI-
CATION REQUIRED FOR BUILDING °‘‘EVERYDAY
ELECTRONICS”’ DESIGNS AND PROJECTS

All communications to Dept._ E.E.

40p

inc. refund
voucher worth
40

p

28 ST. JUDES RD., ENGLEFIELD GREEN, EGHAM, SURREY

TW20 OHB. Phone Egham 3603. Telex
NORTHERN BRANCH: 680 Burnage Lane,
M19 1NA. Phone (061) 432 4945.

284475.
Burnn.ge Manchester

8hop hours both addresses 9-5.30 p.m.; 1 pm Sats.
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TV GAMES CHIP

AY-3.8500 £6:95. Printed circuit and kit of extra
parts:—black and white version £11:95. Colour model
POA, Colour generator kit—converts any black and
white TV game to colour POA, Rifle kit £4:95. Send
sae for free data.

NEW COMPONENT SERVICE

Resistors 5% carbon £12 | G to 10M W 1{p. {W 3p.
Preset pots subminiature 0-i1W (00Q to 4M7 9p.
Potentiometers W 4K7 to 2M2 log or lin. Single
30p. Dual 95p. Polystyrene capacitors €12 63V 22pf
to 8200pf J4p. Ceramic capacitors 50V E6 22pf to
47000pf 3p. Polyester capacitors 250V E6 -0l to
Imf 84p. -15, 22, ‘33mf Tp. ‘47mf 1lp. Electro-
lytics 50V -47, {, 2mf 3p. 28V 5, 10mf Sp. 16V 22, 33,
47mF 6p. 100mf 7p. 220, 330mf 9p. 470mf 1 1p. 1000mf
18p. Zener diodes 400mW £24 3V3 to 33V 8ip.

MAINS TRANSFORMERS

6-0-6V 100mA 94p. 9-0-9V 75mA 94p.
0/12/15/20/24/30V |A £3:85. 12-0-12V S50mA 94p.
0/12/15/20/24/30V 2A £5-15. 6-3V [{A £2-30.
6-0-6V 1{A £2-75. 9-0-9V 1A £2-39. 12-0-12V |A
£2-69, i5-0-15V |A £2-89. 30-0-30V |A £3:59,

PRINTED CIRCUIT KITS ETC.*

Conuins etching dish, 100 sq ins of pc board, 1 Ib
fercic chloride, etch resist pen, drill bit and laminate
cutter £3:85. 100 3q ins pc board 86p. 1 Ib FeCi £1:05,
Ezch resist pen T5p.

$-DECS AND T-DECS*
$-DeC £1-94. T-DeC £3:61.
u-DeCA £3:97. u-DeCB £6-67.
IC carriers with sockets:—

i6 dil £1-91. 10T0S £1-79,

SINCLAIR CALCULATORS

Cambridge scientific programmable £13-95. Prog.
library £4-95. Cambridge scientific £8-45. Oxford
scientific £10460. Mains adaptors £3-20,

BATTERY ELIMINATOR BARGAINS

TV GAMES POWER UNIT
Stabilised 84V 100mA £3.20

3-WAY MODELS

With switched output and 4-way multi-jack connector,
Type 1:~-3/44/6V at 100mA £2-30. Type 2:—6/71/9V
300mA £2-90.

100MA RADIO MODELS

With press-stud connectors. 9V £3-45. 6V £3:45.
IV+9IV £5-15. 6V +6V £5-15, 4V +44V £5-15.
CASSETTE MAINS UNIT

74V with § pin din plug 1SOmA £3-6S.

FULLY STABILIZED MODEL £6°40
Switched output of 3/6/74/9V 400mA stabilized.

CAR CONVERTORS 12V INPUT
Output 9V 300mA £1-80. Output 7§V 300mA £1-80.

BATTERY ELIMINATOR KITS

Send sae for free leaflet on range.

100mA radio typas with press stud battery terminals.
44V £2-10. 6V £2-10. 9V £2-10. 44V +44V £2:50.
6V +6V £2-30. 9V +9V £2-50.

Cassette type 74V 100mA with din plug £2-10.
“Transistor stabilized B8-way type for low hum.
3/4416/74/9/12/15/18V. 100mA £3-20. | Amp £5-40.
Heavy duty [3-way types 4/6/7/84/11/13/14/17/21/
25/28/34/42V. | Amp, £4-85. 2 Amp £7-95.

Car converter kit Input 12V DC. Output 6/74/9V
DC A transistor stabilized £1:95.

Stabilized Laboratory power kit Switched | to
30V in 0-1V steps. | Amp £12:45. 2 Amp £14-95.

B1-PAK AUDIO MODULES

$450 tuner £21-95. AL60 £4-86.)PA100 £14-95.
MK60 audio kit £36-45. Stereo 30 £17-95. SPM80 £3-75.
BMT80 £4-25. Send sae for free data.

SINCLAIR IC20

1C20 10W +[0OW stereo integrated circuit amp kit
with printed circuit and data £6-95.

PZ20 Power supply kit for above £3-65.

VP20 Yolume, tone control and preamp kit £8-95.

Send sae for free leaflet on the whole system.

JCI12 AND fC40 AMPLIFIERS

JC12 6W IC audio

amp with free data

and printed

circuit £1-93

Also new JC40 20W

mode! with pcb £3-95,

Send sae for free leaflet on both models and associated
power supply and preamp Kits.

FERRANTI ZN4I14
IC radio chip £1 - 44, Extra parts and pcbhfor radio £3 -85,
Case £1, Send sae for free data,

SWANLEY ELECTRONICS

DEPT. EE, PO BOX 68, 32 GOLDSEL ROAD,
SWANLEY, KENT

Post 30p. Prices include VAT, Official orders wel-
come. Overseas customers deduct 7% on items
marked ® and 119 on others.
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Our finger is right on the button

whenitcomes to

SCIENTIFIC
PRODUCTS

at the right price

THE NEW DECIMO CLOCK RADIO
VHF/MW

This excellent fully solid state Teak finish Clock Radio
has everything you need. #” LED Display Fantastically
accurate 24 hour Auto wake for Alarm or Music with
auto shut and recall for next day, 3 position display
Sleep to music with auto switched off, Snooze Bar for
that little extra sleep. Hi/Lo Dimmer 3”pm Dynamic
speaker, YHF/MW Radio, Slider Volume and Tone
Controls output, jack size 44 x 124 X 63.

Our Price £39-95 Stereo Version £59-95

Add £1-00 for p&p

NEW RANGE =\

1
L.E.D. = L.C.D.
£p - e
2AED Gents, Hr. 3LC  Gents, (br.,
min., sec., min., sec.)
month, date, B,lite. Mnth.,
day, 995 de %ate. n 24-95
ts, g
IAED Gents, hr. mier?.,sse(:.;
min., sec., B.lite, Mnth.,
month, date, date, day,
day. i4:-95 :tolp war::h. o
. 0/100th sec. 37-95
2LAD Ladies, br. SLC  Gents, World
min., sec., time. (Hr.
month, date, min., sec.,
day. 12.95% day.) Daa“"
ILAD Ladies Dress month. Sitime,
Bark finish. rones. stop
Hr., min,, sec., watch; 45-50
month, date, 6LC ¢(:;ounzer.
day. 16-95 R
Chronograph.
iUD  Unisex, hr. (Hr., min.,
min., sec., {sec or date).
month, date, Date, day of
day. i4-95 week. B, lite.
chronograph,
stop lap acc. 5
All prices quoted are for cime etc. 49
stainless stee! with adjust. 6LCL (L,:?.‘;:;n)
able matching bracelets. B.lite, sec.,
For gold plate add £1:50 mnth., date. 39-50
to price. SOLAR WATCH.
(Hr., min.,
sec.) B lite,
All  our watches have Mnth., date. 59-95
manufacturers back-up ser-
vice and full guarantee for (Functions in brackets are

12 months. continuously on display).

V. Games
ThelatestinHome Entertainment
ol no|s

TV GAMES LATEST IN HOME

ENTERTAINMENT

SETS Our price
MARK i  Football. Tennis. Squash. £ 9-95
MARK 2 De/Luxe Football. Tennis. Squash. £27:50

Solo/Practice.
MARK 2C As Mark 2 in colour. £38-50
MARK 3 De/Luxe Football. Tennis. Squash.

Solo/Practice GUN for target

and Skit Shooting. £47-50
MARK 3C As Mark 3 in colour. £54-95

All games have auto-service, auto-scoring on screen.
Selectable bat sizes and ball speeds. Realistic noises
and fits aff TVs. Add £1 for p&p.

barclay:::::

00000
ELECTRONICIS

THE NEW CAMBRIDGE
PROGRAMMABLE
ALL Sci functions
' plus prog. calc. with
5 conditional
and unconditional
branch instructions

Tremendous value
3 3 Our price £14-95
[ | fi‘ Set of 4 prog. books
3 ", giving 294
programmes £4-95
X ‘ Free adaptor.
TEXAS Our price
® 58 480 program steps £m 78-95
up to 60 memories.
® 5% Card programmable.
960 steps. 100 memories. £208-95
o 57 50 step programmable £ 42-95
PCIO0A Print cradle for use with
59, 52, 56, 58. £175-95
@ 51 Fully sci. 3 fhem. £ 33-95
@ 4! Financial £ 27-95
5200 Desk top. £ 42-95
CcBM.
@ prl00 72 steps programmable. £ 37-9%
@ Né0 Navigator, POA
@ SR61  Statistician POA
@ 4/5190R 92 steps Pre-progm. Sci £ 24-95
4148  Full sci. £19-95
SINCLAIR
4+ New Cambridge programmable. £ §4-95
Set of 4 libraries. £ 4-95

HEWLETT PACKARD
@ HP25, HP67, HP23, HP9i, HP97, HPI,
€tc. Prices on application.

SHARP
@ Ei8120 LCD rechargeable. Mem.
Le 8029 LCD Folding pen.

PAR AT 2t
S ORURCY O
(L S LY L L
@i

CASIO
+ CQI Time, stop watch, calc.,
alarm. Set alarm 4 diff.
times and 4 diff. tones. £ 2995
-+ Sti Mem. calc., time measure~
ment. Net Time, Lap, and
split time. £ 26-95
+ Pro FX| Card programmable. £§29-95
+ FX20! Programmable. £ 44-95
+ FX202 Prog. with facility for keep-
ing prog. when off. £ 67-95
FX2000 LCD Sci. £ 2495
+ EX 110 Full Sci. £ 17-95
Lc820 LCD in Wallet. £ 17-95

@ Rechargeable free 4 free adaptor

We also stock a-range of desk; print cuts, ordinary
Calces. Specialist calcs., Cassette, Cassette radios,
Stereo, etc. Tell us your requirements and we will
supply.

HVi only £37:95 per p
range up to 3km approx.
$00my. cali buzzer, compacc
strap, volume control.

HY 100 only £85 50 per
_pair, range up to 8km
approx, | watt, 3 channe!
int. circuit. FET V, congrof,
" call buzzer, carr, case, ear-

B 3500 cies-00 i

fa 00 per pair.
range }2km approx. 2°5
_wact, 2 channel. Superhet
,&quo‘ch. v. control, «calt
buzzer, carr. ase, ear-
phone. All sets 30% longer
ra at sea. These sets are [
salidly made to the highest
“standard. For export and
yachtsmen. = -

1115 FINCHLEY RD
TEMPLE FORTUNE TEL: Ol—
LONDON N.W .11, 458 4755
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Home RADIO....

How could I ever
forget them?

Yes, | remember it well—Home Radio supplied all the parts
for me to make this little project. It's an 8-transistor radio
you know. Mind you, this was some time ago, and whena __
certain doggie got in on the act | rather lost interest. How-
ever, we elephants never forget, and when | returned to the *
hobby, why bless me, there was good old Home Radio
busier than ever dishing out components. And today? . ™
Well, have you seen their fabulous catalogue? It's Jumbo =~ ' :
sized—and | should know! It's crammed with all the things g weE L Tteya

the amateur constructor is bound to need. With each % S e

catalogue they give a bargain list of unrepeatable offers. &. ,-" S

Another thing—they have a wonderful credit scheme,

simple to join, and it enables members to order by phone. r oo = S mh S, Smfo SNy oy (o) (==
Now, when | need components | just put through a trunk call * Please write your Name and Address in block capitals

(et it?) and they're sent off without delay. Why not join the |

club? You'll need a catalogue first. It has over 200 pages, , NAME...... s

lists over 5,000 items, with nearly 2,000 illustrations. The ¥ ,ppress
cost? A modest £t plus 40p for packing and postage. |

—

Send the coupon today—now, before you forget! [

HOME RADIO (Components) LTD. Dept. EE (Regn. No !

We stock all the parts for the new Teach-inl 234240 London Road, Mitcham. Suriey CR4 34D  London 312966)

Sel'ies b o oon om oo o o o o e oo e -

Electronics.
Make a job of it....

Enrol in the BNR & E School and you’ll have an entertaining
and facinating hobby. Stick with it and the opportunities

and the big money await you, if qualified, in every field of
Electronics today. We offer the finest home study training

for all subjects in radio, television, etc., especially for the
CITY AND GUILDS EXAMS (Technicians’ Certificates); the
Grad. Brit. |.E.R. Exam; the RADIO AMATEUR'S LICENCE;

P.M.G. Certificates; the R.T.E.B. Servicing Certificates; etc. Become a

Also courses in Television; Transistors; Radar; Computers; PY
Servo-mechanisms; Mathematics and Practical Transistor R d A t
Radio course with equipment. We have OVER 20 YEARS’ a lo ma eur‘

experience in teaching radio subjects and an unbroken

record of exam successes. We are the only privately run Learn how to become a radio-amateur in
British home study College specialising in electronics contact with the whole world. We give
subjects only. Fullest details will be gladly sent without ] ; : -

any obligation. skilled preparation for the G.P.O. licence.

Brochure without obligation to:
British National Radio & Electronic School |
P.O. Box 156, Jersey, Channel Islands.

NAME |
ADDRESS

EEL9 Block caps please
¥ ¥ N § ¥ ¥ ¥ §® ¥ N ¥ ¥ B ¥ ® §® ®E |
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PP3/PP9 REPLACEMENT,
MAINS UNIT

Japanese made in plastic container
with leads size 27 X 11" X 14", this
is ideal to power a calculator or
radio, it has a full wave rectified
and smoothed output of 9 volts
suitable for a foading of up to 100mA.

£2-53.

SWITCH TRIGGER MATS

Wiring diag, supplied for complete
house protection—'Keep Those

Robbers Away’.
DRILL CONTROLLER

Electronically changes
speed from approxi-
mately 10 revs to
maximum. Full power at

all speeds by finger-tip control.
Kit includes all parts, case,
everything and full instructions.
£3-45 including post & VAT.

MAINS TRANSISTOR

POWE PACK
Designed to ogerate l}ﬁan-
‘ sistor sets, and amplifiers
% &3‘( '\ full wave and half wave
working—output adjust-
, i . ; o able from 45v to 15v up
L} 1o 300mA—Kit with full

constructional data £2-06

_mm

MULLARD UNILEX

A mains operated 4 + 4
stereo system. Rated one
of the finest performers -3
in the stereo fleld this "~S“&
would make a wonderful gifi
for almost any one in casy-to-
assemble modular form and
complete with a pair of
Goodmans speakers this should sell at about £30—but
due to a special bulk buy and as an incentive for you to
buy this month we offer the system complete at only
£14-00 including VAT and postage.

Made up modet £1- 00 extra.

SOUND TO LIGHT UNIT

Add colour or white light to your
amplifier. Will operate 1, 2 or 3
lamps (maximum 450W). Unit in
box all ready to work. £7-95 plus
95p VAT & Postage.

» RADIO STETHOSCOPE

Easiest way to fault find, traces,

signal from acrial to speaker, when

signal stops you've found the fault.

Use it on Radio, TV, amplifier,

anything. Complete kit comprises two
special transistors and all
parts including probe tube
and crystal earpiece, £2-95,
twin stetho-set instead of
carpiece. £1-00 VAT and
postage incl.

MULTISPEED MOTORS

Six speeds are available 500, 850 and
1,100 r.p.m. and 7,000, 9,000 and 11,000
r.p.m. Shaft is 3* diameter and approxi-
mately 17 long. 230/240v. Its speed may
be further controlled with the use of
our Thyristor controller. Very powerful
and useful motor size approx. 2° dia. X
{,"A_llgng. Price £2-00 including Post &

MAINS RELAYS

AMPLIFIER PANEL

6 photo sockets and d.p. changeover slide switch all
mounted on insulating board. Glossy black finish size
® % 81" approx.—silly price 35p, or £1 for six.

TEACH IN °78

Start right away.
Order the parts for
this series—send £3

deposit and 2 monthly
for 6 months or £14 cash

MAINS TRANSFORMER

BARGAINS

20v + amp £1-25

18v 1 amp £1-55
6:3v2amp £1-39

25v 1+ amp £1-75

24v 2 amp £2-00
50v 2 anip £4:-50 =
9v 1 amp £1-25

With triple 10 amp ch ver cons
tacts—operating coil wound for 230
volts AC, chassis niounting, onme
screw ﬁxmg. ex unused equipment
60ndcach 10 for £5 post and VAT
pai

BLACK LIGHT

As used in disco’s and stage effects etc.—virtually no
white light appear until rays impinge on white collars
and cuffs etc—we offer mains B.L. lanips, 175 watts
plugs into any lamp holder requires no choke or
control gear price £7-00 + 95p post and VAT or for

REVOLUTION COUNTER

Famous Muirhead gen-

crator: requires only a

voltmeter connected to its r
terminals. Voltage is

exactly 3vat 1000 + rpm.

Higher or lower speeds

give proportional volts,

therefore the motor forms

the basis of a useful gen-

eral purpose revolution counter. £1-25,

IT’S FREE

Our monthly Advance Advertising Bargains
List gives details of bargains arriving or just
arrived—often bargains which sell out before
our advertisement can appear-—it’s an interes
ing list and it’s free—just send S.A.E. Below
are a few of the Bargains still available from
previous lines.

SPECIAL NOTES: The ‘' sign after the amount
shows the amount of VAT. The postage |tcm is based
upon the amount an article costs to send if this same
article formed a part of a larger parcel. Where one or
only a few items are ordered however you must send
the minimum parcel postal charge of 50p+ VAT and
the VAT rate would be 8% or 12} % depending upon
whether the article ordered was rated at 8% or 124%
(that is the Customs and Excise rule).

Nearly Sold out. Car Starter Charger kits—we have
been able to get a few more of the rectifiers which
made this kit possible at a very low price but had to
pay more for these and with the increased -postal
charges, price of this is now £7-95. It is stiil a bargain,
however, and it is interesting to note the various
uses to which our customers have put this kit. One
wrote in to say that he started his old Bentley with it,
apparently it was almost impossible to turn over by

-hand but started quite quickly with our car starter.

Another customer writes to say that fitted on to his
clectric lawn mower, the battery of which had worn
out, he now uses the car starter to drive the mower
instead of the battery. We like to hear about the uses
found for our various kits and welcome hints and
suggestions from customers.

Automatic Telephone Exchange, this takes standard
GPO instruments which can dial each other, up to 75
telephones can be interconnected. Believed to be in
good working order in fact it was working until
removed recently from a Bank by the builders doing
alterations. The exchange which is floor standing is
full of relays and uniselector switches and has a separate
power units supply for the 50v AC bells and the DC
for speech. Price of this exchange is £250, carriage at
cost, telephones are not included in this price but are
available. Prices £3 + 24p or new style £5 + 40p.

Tubes for Rigonda 6° TV’s. Limited quantity of these
are available, used but tested and guaranteed o.Xk.
Price £7-50 + 94p. Post £1-50 -+ 19p.

Power Units for Rigonda 6° T.V. Again not new but
zeostei :nd guaranteed. Price £3-50 4 44p. Post
D D

Fan Motor, mains operated, this is totally enclosed and
therefore suitable for extracting dusty .or corrosive
vapours, good maker, specifications as follows:
1300 rpm, 240v, 50hz, 7w. Spindie is threaded to take
the fan blade, no doubt could be adapted. £1-50 +
12p. Post 60p 4 5p.

12v Battery Motor. Delco, as used for blower heaters,
fans etc. This is very powerful but quite compact, size
3” long X 23” dia. with central fixing fiange and }°
spindle, this is a series wound motor so it will also
work off AC and can be made reversible by bringing
out the internal brush connections to a d.p. changeover
switch. Price £2-00 + 16p. Post 50p + 4p.

*“C** Core Transformer, primary tapped 1 15v, 200v, 240v,
primary screen to separate tag and 4 secondaries.
(1) is 50-0-50v @ *9A (2) 17volts -7A (3) 17volts -TA
(4) 20volts @ 1A. It will be seen that by interconnecting
it could be made to give S0v-0-50v at 900mA, a useful
transformer for high power amplifiers etc. Ex equipment
but guaranteed perfect £3-75 + 28p. Post £1:00 + 8p.

The makers price of this is over £10.

glamorising rock specimens, looking for watermarks
etc. a 97 6 watt tube with starter, choke lamp holds, etc.
all for £4-50 post and VAT paid.

ey gl | [ = T
SHORTWAVE CRYSTAL SET

Although this uses no battery it
gives really amazing results. You
will receive an amazing assortment
of stations over the 19, 25, 29, 31
metre bands. Kit contains chassis
front panel and all the parts £1-90
—crystal carphone 55p including

DELAY
SWITCH

Mains operated—delay can be
accurately set  with pointers
knob for periods of up to

2} hrs. 2 lc(;:unacts suitable to

switch amps—second
contact opens a few minutes
after 1st contact. 95p.

VAT and postage.

8 POWERFUL
BATTERY MOTORS

For models, Meccano’s, drills, remote
control planes, boats, etc., etc. £2-00.

ROTARY PUMP

Self priming, portable, fits drill or
¢electric motor, pumps up to 200
gallons per hour depending upon
revs, Virtually uncorrodable, use
to suck water, oil, petrol,
fertiliser, chemicals, anything
liquid. Hose connectors each end.
£2-00 Post Paid.

THERMOSTATS

Refrigeration as illustrated with 36”7
capillary £1'62.

Limpet Stat must be mounted in close
contact calibrated 90°-190°F 15 amp
contacts £1:-62.

Appliance Stat fix like a volume control—
15 amp contact 30°-80°F

ditto but for high temps £1 25

Over Stat—with Serson and capillary 85p.
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FLUORESCENT TUBE
INVERTOR

For camping—car repairing—emergency lighting from
a 12v battery you can’t beat fluorescent lighting, it will
offer plenty of well distributed light and is economical.
We offer Phillips invertor for 12° 8 watt miniature tube
for only £2-75 with tube and tube holders as well.

TERMS:
Cash with order—but orders under £6 must add 50p to
offset packmg ctc.

BULK ENQUIRIES INVITED. PHONE: 01-688 1838

J.BULL (erecrricar) LTD

(Dept. EE), 105 TAMWORTH RD.
GCROYDON GRS 1S6

Pr ! Scotch Tape on 104 spool (these having
the normal 1” spindle). We understand that this spool
is standard for most popular professional reel to reel
tape recorders. This is first class tape normally priced
at over £9 per reel. We have limited number, brand
new and unused. Price £4'50 + 36p. Post 50p + 5p.

Ex G.P.O. Telephones. We have recently had to

replace our stocks of these and like everything else the
prices are up so we take this opportunity of revising

our prices. types are available—standard desk
model, (his is the one with internal bell and dial,
price £3-00 + 24p. Post £1-20p + 9p. Model 2 has

the - dnal but no internal bell, price £2:00 + 16p. Post
80p + 7p. Model 3 has no dial but internal bell price
£2:00 + 16p. Post £1-20p + 9p.

Sundries available. 50v transformer for ringing GPO
type bells, price £2-00 + 16p. Post 40p + 3p. Twin
connecting wire for telephones 100 nietre coil, price
£5-00 + 40p. Post 80p 4 7p. Bakelite cased bells,
so you can hear telephone when you are not in same
room, price £2-50 4 20p. Post 50p + 4p.

Kymograph Brodie Starling, motor gear box type. This
is 2 mains operated unit very solidly constructed in
heavy cast iron case. It seems to be basically a motor
with a variable speed gear box. The ouput speeds are
quoted in mm per minute, on 9“ diameter cylinder but
the drive which is fitted to the device is normal 1“
spindle and the speeds are selected by a knob on the
front dial through which the knob rotates, is calibrated
as follows: 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024. We
are not at all sure to what purpose these machines
were normally put and would welcome any information
about them from readers. We have only a few, price
£17-50 -+ £1-40p. Post £1-60 + 14p.

Interrupted Beam Switch Kit. This has been recently
re-arranged and is suitable for operation by a normal
light beam or an infra red . The kit consists photo
electric cell, 2 transistors, relay and all the necessary
resistors and condensors together with mounting board
and tag strip. This is both useful and educational, price
£2:00 + 16p. Post 50p + 4p.
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Projects... Theory...

and Popular Features ...

i S S IR R
Autumn is always a landmark in
the constructor’s year. For most en-
thusiasts it is the time when activity
starts in earnest again after a lull
during the summer months.

This particular autumn has a
further significance as it sdes the
start of our latest Teach-In series.
As our regular readers will know,
Teach-In has become an established
tutorial feature that appears in our
calendar every other year. Following
the traditional pattern Teach-In °78
will run for 12 to 14 months taking
the newcomer through the elemen-
tary stages of electronics theory right
up to fully functional transistor cir-
cuits. This series offers more than
mere textbook treatment of the sub-
ject, for it is orientated very definitely
towards practical matters and is
planned around exercises to be per-
formed using a Module Board and
Building Blocks designed specially
for this series.

Another important fact is that
Teach-In makes no great demands
upon the pocket. Most important of
all it provides a gateway into this
exhilarating field of electronics for
newcomers of all ages.

This month’s projects are headed
by a new version of the ever-popular
metal detector, or Treasure Locator—
to give it its more evocative title,
This electronic instrument has of
course many other useful, if more
prosaic, applications than, say, beach-
combing. For example, it could be of
inestimable value to the handyman

e e

in locating the routes of hidden pipes
or electrical wiring.

Then we have two projects each
catering for quite different areas of
specialist interest. Photography is
one; this is a highly popular pastime
and we are sure many amateur photo-
graphers who make their own prints
will be interested in the Enlarger
Timer.

The other is, by comparison, a
minority interest, nevertheless model
railway enthusiasts get a fair crack
of the whip in our pages (as indeed
do all specialist interests whenever
electronics has something helpful to
offer). Our Model Train Controller
provides a power supply with a “con-
stant voltage” characteristic. The ad-
vantages of this, especially for slow
speed running, will be immediately
appreciated by those who operate
model railway systems.

And to complete this month’'s col-
lection of projects we offer the Tran-
sistor Tester as a valuable piece of
test gear for the constructor’s own
private use.

On top of all this there is an addi-
tional bonus for our readers, in the
form of a Pocket Data Card, included
with every copy of this month's E.E.

So now we should all be set for the
exciting and busy season that lies
ahead.

;«J% |

Our November issue will be published on Friday, October 21. See page 75 for details.
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Readers’ Enqumes
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We cannot undertake to answer readers’ letters requesting modifications,
designs or information on commercial equipment or subjects not published
by us. All lefters requiring a personal reply should be accompanied by a

stamped self-addressed envelope.

Telephone enquiries should be limlited to those requiring only a brief reply.
We cannot undertake to engage in discussions on the telephone, technical

or otherwise.

Component Supplies

Readers should note that we do not supply electronic components for
building the projects featured In EVERYDAY ELECTRONICS, but these
requirements can be met by our advertisers.

Everyday Electronics, October 1977
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Back Number Service and Binders
Back issues of EVERYDAY ELECTRONICS (June 1877 onwards) are avail-
able worldwide at a cost of 60p per copy inclusive of postage and packing.
Orders and remittance should be sent to: Post Sales Department, IPC
Magazines Ltd., Lavington House, 25 Lavington Street, London SE1 OPF.
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© IPC Magazines Limited 1977. Copyright in all drawings, photographs and articles
published in EVERYDAY ELECTRONICS is fully protected, and reproductions or
Imitations in whole or in part are expressly forbidden.

All ieasonable precautions are taken to ensure that the advice and data given to
readers are reliable. We cannot however guarantee it, and we cannot accept legal re-
sponsibllity for It. Prices quoted are those current as we go to press.
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INTRODUCTION

ETAL or treasure detectors
may use pulse induction,
induction balance, or beat fre-
quency oscillator (b.f.o.) methods
of operation, Pulse induction
devices require the radiation and
reception of a pulsed signal, while
induction balance detectors re-
quire two coils, so arranged that
the field is neutralised until a
metal object is present. As both
these systems introduce complica-
tions and difficulties for home con-
struction, which are absent in the
beat frequency locator, the latter
method is used here.

Beat frequency metal detectors
are popular and are employed in
great numbers. They have the
advantage that the only adjust-
ment required is to the frequen-
cies of the oscillators.

A b.f.o. metal detector can be
constructed at much less cost than
that of a similar commercially
available detector, and its per-
formance is identical to that of
the same type of ready-made in-
strument. Building has been
arranged to be as simple as pos-
sible, as difficult constructional
details contribute nothing what-
ever to the ability of the instru-
ment to locate metal objects.

START
HERE FOR
CONSTRUCTION

COMPONENTS

Capacitor values in the oscillator
circuits are important. These in-
clude C1, C2, C3, C4 and C8 in
particular. Here, precision values,
such as 1 or 2 per cent silver mica,
are recommended. Values else-
where are not too important. As
example, C6 and C10 may be 18pF,
and C12, 50nF.

The speaker unit should not be
less than 8 ohms, and types of 8 to
35 ohms will be found satisfactory.
Headphones may be of somewhat
higher impedance than this, if to
hand.

ESTIMATED COST -
OF COMPONENTS

£6.50

excluding
case

CIRCUIT BOARD

Most of the components are
assembled on a piece of 0-15 inch
matrix board, see Fig. 1. Drill
holes for C2, and bolts to hold the
bracket for L2 and to secure the
board when it is completed. In
most places the wire ends of resis-
tors and capacitors are long
enough to reach the various points
necessary. Note the polarity of
C13 and C15, and the two diodes
(which may be any similar general
purpose detector types).

Pins can be inserted for the
external leads, or long connections
can be left for these. Fix L2 a little
clear of the board.

The case is a plastic box about
180X 115X40mm Fig. 3. The cir-
cuit board, speaker and battery
holder can be fixed directly to the
case or to a piece of thin hard-
board cut to fit inside it. Use
spacers or extra nuts to raise the
circuit board about 5mm above the
case. An aperture, or a grille of
Smm holes, is made to match up
with the speaker. Holes are re-
quired for the two sockets SK1 and
SK2 (for L1), and for C16, VR1 and
the phone socket, SK1 as shown.

Boxes of the kind used are
generally of a quite strong but
brittle material. Holes must be
made with a sharp drill, without
too much pressure. These can be
enlarged with a round file where
necessary. Without care, the box
may be cracked when making
holes.

HANDLE

The handle is about 82cm long,
so that the search coil can be
swept over the ground while walk-
ing. It was made from 25mm
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wwre HOW IT WORKS...

The Treasure Locator incorporates
two oscillators, an adjustable refer-
REFERENCE ence oscillator (approximately 5 per
OSCILLATOR cent about 100 kilohertz) and the coll
oscillator designed to operate within
T sl the same range, but whose frequency
RS is dependent on the inductance of the
EUREKA search coil.
In the absence of any metal in the
/ vicinity of the coil, the reference
oscillator is set to be almost equal to
the coil oscillator frequency. f now the coil is placed near to a metal object, the
presence of the latter causes the inductance of the coil to alter which results in
a change in frequency of the coil oscillator.
The outputs from the two oscillators are taken to a ‘‘detector”” whose function is
to produce an output signal with a frequency proportional to the difference in
frequency of the two oscillators. The resulting signal is coupled to an amplification
stage and is heard in the loudspeaker.
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CIRCUIT DESCRIPTION

The complete circuit diagram of
the Treasure Locator is shown in
Fig. 2 and can be seen to consist
of four distinct sections: (1) search
ooil oscillator; (2) the reference
oscillator; (3) heterodyne detector;
(4) audio amplifier.

SEARCH COIL OSCILLATOR

The search coil oscillator con-
wists of TR1 and local components
2nd is a Colpitt’s type oscillator. A
parallel resonant circuit is formed
by components L1, C1, C2, C3 and
C4 and their values determine the
frequency of oscillation. Under the
influence of a step function or
pulse as results when the unit is
switched on, the resonant circuit
will begin to oscillate sinusoidally
‘'with exponentionally decaying am-
plitude. In our circuit this wave-
form is fed to the base of TRI.

Now the signal appearing at the
emitter is fed back, in phase, to
the resonant circuit and reinforces
the generated waveform resulting
in a sustained oscillation of con-
stant frequency and amplitude.
Trimmer C2 allows some frequency
adjustment to compensate for
slight changes in L1 as made.

The search coil L1 has a Faraday
shield, helpful in reducing ground
effects. This is recommended, but
as some locators have an un-
shielded coil which is easier to
make, alternative coils are des-
cribed, see later.

REFERENCE OSCILLATOR

The reference oscillator com-
prises TR2 and local components;
to produce a tuned-collector type
oscillator. The parallel resonant
circuit, L2 and C8 form the collec-
tor load of TR2. At switch on a
decaying sinusoidal oscillation
results across the resonant circuit
(as in the search coil oscillator),

The signal appearing in the col-
lector load is induced in the
smaller secondary winding of L2
and this is fed to the base of TR2
via capacitor C7. The phase is
arranged so that the result of the
fed back signal is to produce an
in-phase signal in the load thereby
reinforcing the oscillations in the
resonant circuit resulting in sus-
tained oscillations of constant
amplitude and frequency.

Values of L2 and C8 are chosen
to produce oscillations within the

range 957°to 105 kilohertz (allow-
ing for component tolerance). By
fitting a one per cent value for C8
and using the specified coil, it can
thus be assured that working will
be on a frequency approved for
such apparatus. Variable capacitor
C16 is included to allow the fre-
quency of this oscillator to be
finely tuned/., Adjustment of this
component is discussed later.

HETERODYNE DETECTOR

The two signal from the oscil-
lators are mixed via capacitors C8
and C10 to produce a composite
signal, composed of the sum and
difference (and harmonics) of the
two input frequencies. This is then
detected and smoothed by D1 and
C11 to produce only the difference
signal. This is then made available
across potentiometer VR1 wired
to function as a volume contro)l.

Diode D2 holds (clamps) the
negative excursion of the differ-
ence signal at 200mV (with respect
to the negative line).

When the two oscillators are
operating on the same frequency
(say 95kHz) no difference signal
results. The presence of metal
within the field of the search coil
L1 changes the frequency of this
oscillator and a ‘“heterodyne”
%i%rial is produced at the wiper of

Fig. 2. The complete circuit diagram of the Treasure Locator.
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AUDIO AMPLIFIER

- Transistor TR3 functions as a
common emitter type preamplifier
to raise the level of the signal, and.
its output is coupled to IC1 by C14.
This i.c. has driver and push-pull
stages and easily gives enough
volume with the small speaker in-
corporated, while being economi-
;ca.l in battery current.

~ As the use of headphones will

often be preferred to avoid being
a nuisance to others, a switched
jack socket SK1 has been included
which accommodates these and at
the same time disconnects the
‘speaker from the circuit.

diameter plastic pipe, as used for
plumbing. The top can be curved
by heating the pipe in hot water.
A cycle handlebar grip is cemented
on here.

The case is fitted about 28cm
from the top of the handle, by self-
tapping screws through it and into
the handle. A satisfactory handle
could be made from a broomstick.

SEARCH COIL

The search coil assembly has a
projecting dowel, which fits into
the bottom of the plastic tube, If
a broomstick were used instead, a
hole to take the end of this can be
made in the middle of the coil. As
mentioned, a coil with a Faraday
shield is recommended, though it
is not quite so easily made as the
unshielded coil.

Plain Coil

If tools are available, cut a disc
of wood 17cm in diameter and
about 10 to 12mm thick, and cut
a slot 3mm wide and 3mm deep
in this, as shown in Fig. 4. Alter-
natively, saw three discs of 3mm
hardboard, two 17cm in diameter,
and one 16:-5cm in diameter.
Clean up the edges with glasspaper
and cement them together, placing
the smaller disc between the two
others. Provide a dowel stub or
hole to suit the handle, and
varnish the wood.

The winding is twenty two turns
of 32 sw.g. enamelled copper
wire, in the slot. Bring the ends
up to the top of the coil, and
secure them with small screws or
a tagstrip. Stouter leads are sol-
dered on here, to run up the

Everyday Electronics, October 1977
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OPERATING LICENCE

You are required to obtain a licence to operate this Treasure
Locator In the British Isles.

The clrcuit shown has been designed to operate within the
frequency band spec!fied by the Home Office l.e. 16 to 150 kllo-
hertz, and no alterations should be made to the published deslgn
that might alter the operating frequency.

An appllication form for the licence may be obtained from:
The Home Office, Radio Regulatory Department, Waterloo
Bridge House, Waterloo Road, London SEt. The cost of the
licence Is £1-20 for a five year period.

Resistors
R1
R2
R3
R4
RS
R6

VR1/$1
Capacitors
C1

C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C15
C16

TR1
TR2
TR3
IC1
D1
D2

LS1
SK1, 2
SK3
PL1, 2
B1

L1

L2

All W carbon £ 5%

Potentiometer

COMPONENTS 55x3=

390kQ
See
i
al

2:-7kQ
390k
page 67

2:2MQ
12kQ2
10kE2

22kQ log. with switch

1nF silver mica 1 or 2%, or polyester 1%
1250pF compression preset trimmer

20nF silver mica 1 or 2%, or polyester 1%
20nF silver mica 1 or 2%, or polyester 1%
1nF plastic or ceramic

20pF plastic or ceramic

250pF plastic or ceramic

1nF silver mica 1 or 2%, or polyester 1%
10nF plastic or ceramic

20pF plastic or ceramic

10nF plastic or ceramic

47nF plastic or ceramic

100uF 10V elect.

100nF plastic or ceramic

10nF plastic or ceramic

220uF 10V elect.

50pF variable trimmer air-spaced Jackson type 804

Semiconductors

BC107 silicon npn

BC107 silicon npn

BC107 silicon npn

MC3306P 250mW audio amplifier
O A47 or similar germanium diode
O A47 or similar germanium diode

Miscellaneous

8 to 35 ohm approximately 60mm diameter
Wander socket (2 off)

3-5mm switched jack socket

Wander plugs (2 off)

oV PP6

see text

Denco Range 1 valve type “blue"

Plain matrix board size 0-15inch matrix, 14 X 21 holes; battery connector;
knobs (2 off); plastics case; materials for handle; 32 s.w.g, enamelied
copper wire; three-core mains lead; aluminium foil; wire, solqer. .
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Fig. 3. The layout of the components and board
within the case and complete wiring up details.

TREASURE
AR

Fig. 4. Details of the coil former
for the plain search coil. Note
that this is made by laminating
three discs. The upright doweling
may be a stub for fixing to
hollow tube handie, or the base
of a broomstick handle.
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Fig. 5. Details for making the Farady earth on the shielded
coil version.
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handle, and these are fitted” with
plugs which go into the sockets on
the case.

Shielded Coil

Find a household object 17-5cm
in diameter for use as a temporary
former, and wind twenty turns of
30 s.w.g. enamelled copper wire on
this, in a compact pile. Slip the
winding off the former, taking care
that the turns do not separate, and
bind them with thread to keep
them together, as in Fig. 5.

Cut a hardboard disc 19cm in
diameter, and a slightly larger
circle of household aluminium foil.
Cut a piece about 12:-5cm across
out of the foil, but leave the earth
projection as shown. This gives a
large washer-shaped piece of foil,
and a piece about 3mm wide is
cut out, to provide the gap shown.
Fold the foil over the winding
systematically so that it is com-
pletely enclosed, bringing the
winding ends out through insu-
lated sleeving. Cement the shielded
coil 'to the hardboard, taking care
that there is no short circuit of
the foil across the gap.

Connection of the coil and shield
to the rest of the circuitry was
made with 3-core mains cable in

the prototype. One end of the
winding and the shield (earth)
wire should be joined together at
the plug end to fit SK1, and the
remaining coil wire to SK2 via
PL2.

ADJUSTMENT

No audio torme can be produced
until both oscillators are working
on nearly the same frequency.
Set the core of L2 so that about
fifteen threads of the 6BA rod
protrude, and adjust C2 until a
strong heterodyne or audio note is
heard. This should fall in pitch,
becoming zero beat or silence, with
C16 half closed. Turning C16 either
way should cause a tone, which
rises in pitch.

Close C16 slightly, to produce a
very low frequency tone with L2
operating below the frequency of
Ll. Bringing metal near L1 will
then cause a rise in pitch.

An operating frequency of
100kHz can be found exactly by
placing a radio receiver tuned to
BBC Radio 2 longwave (200kHz)
near the locator, and tuning with
C2 and the core of L2 to produce
a heterodyne from the 2nd har-
monic of either oscillator. The
locator frequency is then slightly

off-set from this by adjusting C2
and L2, so that interference can-
not be caused to reception of this
transmitter. For somewhat similar
considerations, headphones are

better where the tone will be a
nuisance to other persons nearby.

The case lid is held on by a long
6BA bolt, passing up through it,
and fitted with a nut. A PP6 9V
battery is used. PE¢

T HAS always seemed to methatone ofthe
I great difficultiés in producing a techni-
cal magazine such as EVERYDAY ELEC-
TRONICS, is the need to cater simul-
taneously for readers at different levels of
experience. The new reader starting this
month, probably knows little or nothing of
the subject, but you also have to re-
member the readers who started three,
six and nine months previously. At almost
every stage they need to be given some-
thing to build within their capabilities, if
the magazine is to retain their interest.

It must be apparent to all readers new
and old that the editor achieves this aim,
with consummate skill. Even |, from time to
time put forward constructional projects,
though not being very brilliant | usually
concentrate on the simple things. | well
remember when | sent him an electronics

Everyday Electronics, October 1977

puzzle, and the raised eyebrows when he
saw it consisted of only six double-pole
double-throw switches, a push switch, a
lamp and a buzzer.

Do you mean to tell me it has no diacs,
diodes, triacs, transistors; or i.c.'s.”

| hung my head in shame, “No, it has
none of those things, but after all,” said |,
brightening visibly, “there are forty four
connections to solder, think what good
practice that will be, and in any case, new-
comers to electronics want something
simple to start withl"" | won him over and
it was published, and very successful it
was too.

Kits For E.E. Projects

| was most interested to see that some-
one had written to ask why retailers did
not produce complete kits for all the

projects that appear. The short answer
is that they do for some of them, and the
long answer is, that all projects are not
equally popular, and if the retailer is going
to devote time and money to producing a
kit, he wants to be reasonably sure that he
is on a winner.

This is terribly hard to do, and they can
only go by past experience. Certain things
they know will be popular, for example the
Teach-In series, and to that | would add,
signal generators, resistance and capaci-
tance bridges, simple short wave. receivers
and good quality amplifiers.

| have often wondered if the magazines
have any statistical analysis themselves as
to the type of project which is usually
successful. The only time we ever know
for sure, is if we are asked to supply a part
for a design, and we know we are the only
source of supply.

| have noticed myself that many sup-
pliers advertise complete kits of parts for
designs, giving a total price including VAT
and postage. If you are contemplating
building something that is not advertised,
provided you have a few catalogues you
can soon work it out for yourself, and if
you do get stuck on a few items, the
majority of the mail order firms will be only
too pleased to advise you.

Finally do remember, | beg you, that
most of them today are understaffed, so
do not just try and push work on to them
that you could do equally well yourself
because while we all preach the old maxim
“The customer is always right'” as in
everything else, there are exceptions|
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INTRODUCTION

HE conventional method of con-
trolling a model train is by
means of a rheostat or variable
resistor in series with the supply
voltage. While this is a very simple
method it has one notable dis-
advantage; the amount of series
resistance in the supply Ccircuit
tends to give it a ‘“constant cur-
rent” characteristic, this largely
defeating the beneficial effect of
the back e.m.f. within the motor.
In other circumstances when a
motor slows down, the back e.m.f.
falls and the current in the arma-
ture rises, causing the torque of
the motor to increase. Conversely
when a motor speeds up, the back
e.m.f. rises, the armature current
falls thus reducing the torque.
When the supply has a “constant
current” characteristic the ability
of the motor to vary its torque is
limited in certain ways. For ex-
ample a model train becomes very
sensitive to load variations. Low
speed is a particular case, the
train tends to slow down greatly
on slight hills, and in some cases
may even stall.

HOW IT WORKS...
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This problem of low speed can
be overcome by providing a vari-
able supply having a low imped-
ance. Such a supply will appear to
the train as a ‘“constant voltage”
rather than a “constant current”

components

D

N

%

Rl

61¢

mounted at the other end. Note
that this transistor must be insu-
tated from the case by a mica
washer and bushes. The smaller
TR1 and R1
mounted on a small 4-way tagstrip

are

with one tag earthed. The lamp(s)
are held in position by their own
wiring, which must be fairly thick
wire, so that when one lamp is posi-
tioned over the bezel it will give
an indication if an overload occurs.

CONSTRUCTION

The unit is housed in a small
aluminium box type AB13, 152mm
x 102mm x 51mm. Using this size
of box there is plenty of room and
the components are therefore not
cramped. Alternatively a box of
smaller dimensions may be used.

SETTING UP

The choice of lamp depends
upon the power consumption of

All the wiring is carried out in-

side the box, as shown in Fig. 1.
The input and output terminals

are mounted at one end of the box,
and the power transistor TR2 is

The device uses the power supply
already in use with the train set whether

battery or mains derived via a step down

transformer.

240V AC.
MAINS

MAINS /12v
TRANSFORMER

o

r

SPEED

12y

VOLTAGE

The speed control knob selects a voltage level (0 to 12 volts) and
transfers this level to the output of the “voltage controlled resistance”

presenting a constant voltage level to the train motor.

If the train is

travelling at a slow speed along a level track and then meets an incline,
the motor will tend to slow down (the torque increases) and the back
e.m.f. of the motor reduces. In effect this reduces the resistance in
series with the power supply and causes an increase in current through
the motor which maintains a steady slow speed. The reverse happens

if now the train travels down an incline.

64
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ESTIMATED COST
OF COMPONENTS

£3-20
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_ CIRCUIT
DESCRIPTION

: 'Looking at the complete circuit
diagram, Fig. 2, the first thing to

notice is the Darlington pair formed -

by TR1 and TR2. Using such a tran-
sistor conﬁguratxon the current re-

quired from the variable resistor

VRI is greatly reduced. Supposing
jﬁst a single transistor was used
‘to' provide the necessary regula-
tion, such as TR2 on it's own. For
‘the transistor to supply up to 1-5
‘amps which is normally required
for model trains, and the tran-
sistor has a current gain of 20,
then the required current at the

COMPONENTS
Resistors w
R1 (see text)

See
Potentiometers
VR?1 1k lin. carbon %ﬂ
Semiconductors a

TR1 BFY51 silicon npn Page 67
TR2 2N3055 silicon npn

Miscellaneous
S1 d.p.dit
switch
LP1 25 or 50 watt car lamp (see
text)
SK1, 2, 3, 4 4mm insulated
screw terminals (2 red, 2 black);
4-way tag-strip; one red lamp
bezel; insulated knob; insulating
kit for TR2; four rubber feet;
AB13 type case, 152mm x 102mm
x51mm; connecting wire; solder.

standard toggle

“lost,

base would have to be 75mA.

To minimise regulation prob-
lems in the potentiometer it would
be necessary to arrange for about
1 amp to flow in this potentio-
meter, Such a high current in con-
junction with the supply voltage
the wattage of the potentiometer
would be very high. This will
cause wastage in terms of power
the life of the transistor
would be severely limited, especi-

“ally in the case of a short circuit.

Therefore a Darlington pair is
used to reduce the current re-
quired for the regulating transis-
tor, this then brings all the current
requirements down to a reasonable
figure and the use of a low power
variable resistor is then practic-
able.

Protection against short circuits
is provided by a lamp LP1 placed

in the collector circuit of TR2 and
by a series resistor in the base of

" TR1. The lamp functions as non-

linear resistor, so that under nor-
mal conditions the current through
it is fairly small, this is because
at “cold” the lamp has a low resist-
ance. Therefore when a short cir-
cuit occurs, the current increases,
the filament becomes hot and the
resistance increases. Since the
resistance has now increased this
will limit the current allowed to
flow in TR2, and thus keep down
the power dissipated.

-The purpose of the base resis-
tor is to prevent the Darlington
pair from becoming fully turned

on before the speed control poten-

tiometer reaches the full speed
position. It also helps to limit the
current during overload condi-

_.tioms,

wt

SK1

12V FROM
TRANSFORMER

SK3

OUTPUT
TO TRACK

SKi

SK2_ )

*SEE TEXT

Fig. 2. The complete circuit diagram of the Train Controller.

Fig. 1. The layout of the components and complete wiring up detaits.

SKd

QUTPUT

7 ’/II/
l/-
/2
( ,‘ //m
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the train and any auxilary equip-
ment being supplied. For a single
train it is possible to use a 25 to
30 watt 12 volt lamp. A 27 watt
lamp can be made up wiring the
two filaments of the 21/6 watt
car stop/tail light in parallel. If it
is desired to run additional equip-
ment then at least a 50 watt lamp

o e e e T

may be obtained from wiring up
different wattage lamps. All the
lamps should be obtainable from
any car accessory shops.

The value of R1 depends on the
wattage of the lamps used. For a
50 watt lamp a value of 2-7
kilohms is suitable, while for a
25 watt lamp a 5-6 kilohm resistor

TESTING

When construction is completed
the unit can be tested. Connect a
suitable power supply to the input
terminals, making sure of the
polarity. Connect the output ter-
minals to the tracks and place a
train on them. When the speed con-
trol is advanced, the train should
run smoothly and it should be
possible to vary the speed over a
wide range. When the train is at
maximum speed, a screwdriver or
some other insulated tool is used
to short circuit the rails. The train
should now stop, then the overload
indicator should glow.

If this test is satisfactory then
the speed controller is ready for

would be needed. Again this value is suitable.

use. X

‘DD
‘13N

Readers' Bright Ideas; any idea that is published

will be awarded payment according to its merit. The
ideas have not been proved by us.

KEYBOARDS

When constructing stylus type electronic organs,
the keyboard can present a problem, especially if you
cannot etch your own printed circuit. A very effective
substitute is to use a surplus component panel, often
sold as reject computer boards.

They usually have a row of gold plated contacts
which would normally fit into an edge connector.

Being gold plated they make excellent contacts which
require no cleaning. If a large enough board is pur-
chased and the copper pattern is removed, the board
can be drilled for the components and wired up under-
neath using point-to-point wiring. The Mini-Organ in
the December 1976 issue was constructed by me in
this way.
P. Edwards
S. Humberside

WIRE HOLDERS

When wiring up various projects a large number of
interconnecting wires are visible. To hide these wires
and making the wiring look neat, a plastic paper
binder can be used stuck inside the box, see diagram
below.

The advantage of using such binders are that they
are cheap to buy and wires can be added or taken
out at will.

J. Bagnall,
York

BINDER WIRES BOX

GLUE

What do you know?

INDUCTIVE REACTANCE

1. Define inductive reactance and state the formula
used.

2. What is the reactance of a coil at a frequency of
200Hz, if the coil has a value of 0-1H?

3. A coil has a reactance of 200 ohms at a frequency
of 150Hz. What is the inductance of the coil?

4. Calculate the frequency necessary to cause a
25mH coil to have a reactance of 50 ohms.

ANSWERS

ZHS-81E Vb
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By Brian Terrell
New products and component
buying for constructional projects.

You ARE probably already aware of a
new educational series starting this
month. If not turn to page 68 for details.
Called Teach-In '78 (because the majority
of the series will be featured in 1978) it has
been designed to introduce the newcomer
to the world of electronics but will also be
of interest to thbose wishing to add to
their knowledge of this fascinating subject.

Basic theory is fully explained and then
put into practice by way of experiments.
To carry out all of these experiments in
the twelve parts a fairly large number of
components are required as can be seen
in the component list on page 70. At
first sight it may seem enormous—there
are in fact 168 items—but when broken
down it works out at 14 items per month.

Advance information of Teach-In '78
was circulated to electronic component

suppliers to give them the opportunity of
offering a complete kit of parts for the
series. Response to this information was
very good and resulted in 14 firms offering
kits. As you can see costs vary tremen-
dously, in fact the top price is almost
double the lowest one. Our estimate
based on an “average cost per component
type'" worked out at around £16 inclusive
which compared well with quoted total
cost. Tools and other materials are not
included in these costings.

All the quoted prices are for a complete
set of electronic components (except
where stated) for Teach-in '78 .including
VAT and post and packing.

New Mail Crder Firm

Readers will be pleased to hear of the
formation of a new mail-order supplier of
components to the electronics hobbyist.
The name is ACE MAILTRONIX, and they
are trading at Tootal Street, Wakefield,
West Yorkshire WF1 5JR. Their combined
catalogue/order form contains 500 of the
most popular components required in
modern electronics, and is available free
of charge; it is obtained by sending a
stamped self-addressed envelope to the
above address.

The catalogue is constructed in the
form of an order form with spaces for
inserting the quantity alongside the unit
price (includes VAT); post and packing
charges are 20p on orders under £2,
otherwise no charge.

It is claimed that every order will be
despatched on the day it is received.
Prices are to remain fixed throughout the
life of the catalogue i.e. until the publica-
tion date of a new catalogue.

A new catalogue/order form is auto-
matically replaced with each order.

Products include transistors, diodes,
integrated circuits, resistors, capacitors,
switches, lamps, plugs, sockets, and
technical books. All products are
guaranteed for twelve months from the
date of purchase.

This Month’s
Constructional Projects

Most of the components for the
Treasure Locator project should be easy
to obtain. The integrated circuit employed,
MC3360P is not to be found in many
advertiser's lists, and if difficulty is
experienced in obtaining this device
stocks are held by Maplin Electronic
Supplies, P.O. Box 3, Rayleigh, Essex
(£1.19) and Arrow Electronics Ltd,,
Leader House, Coptfold Road, Brentwood,
Essex (£1:19). Both prices include VAT
and post and packing.

The coil used in this design is a Denco
Dual Purpose Range 1 Blue type and is
available direct from Denco (Clacton)
Ltd., 355/9 Old Road, Clacton-on-Sea,
Essex at an inclusive cost of £1-04.

There are quite a few components
required to build the Enfarger Timer, but
only the 1 per cent resistors may prove
troublesome. Maplin can supply these.

No component buying problems are
envisaged for the Train Controller or the
Transistor Tester.

Another New Mail Order Firm

News of another newly formed mail
order firm has reached us just in time to
be included in this page. The firm emerges
from RITRO ELECTRONICS UK LTD., an
industrial supplier and is known as TIRRO
ELECTRONICS (an anagram of the parent
name) and can be contacted at Grenfell
Place, Maidenhead, Berkshire.

They can supply a whole range of
components including resistors, poten-
tiometers, capacitors, switches, soldering
irons, tools, semiconductors, linear, TTL
and cmos i.c.s. A 32-page illustrated
catalogue including price list is available
free of charge by sending a large SAE or
20 pencé to cover postage and packing.
Payment of goods will be accepted by
cheque, postal order, Barclaycard and
Access.

Ace Mailtronix Ltd.,
Tootal Street,

Wakefield,

West Yorkshire WF1 5JR
Tel: Wakefield 250375

Barrie Electronics Ltd.
3 The Minories,
London EC3N 1BdJ
Tel: 01-488 3316/7/9

Bi-Pak,

P.O. Box 6,

Ware,

Herts

Excluding batteries.
Crescent Radio Ltd.,
164-166 High Road,
Wood Green,
London N22

Tel: 01-888 3206

Electrovalue Ltd.,
28 St. Judes Road,
Englefleid Green,
Egham,

Surrey TW20 0OHB
Tei: Egham 3603

£16-00

£16°00

£11-50

£16-00

£12-50

SUPPLIERS OF KITS FOR TEACH-IN ‘78

Greenweld, £13:50
443 Millbrook Road,
Southampton SO1 0HX

Tel: Southampton 772501

Home Radio (Components) Ltd., £19-00
240 London Road,

Mitcham,

Surrey CR4 3HD

Tel: 01-648 8422

H.B. Electronics, £16-00
22 Newland Street,

Kettering,

Northants,

Tel: Kettering 83922

dJ. Buil (Electrical) Ltd. £12-00
103 Tamworth Road,
Croydon,

Surrey CR9 1SG

Magenta Electronics Ltd., £13°95
61 Newton Leys,

Burton-on-Trent,

Staffs. DE15 0DW

Tel: Burton-on-Trent 65435

A. Marshall (London) Ltd., £21-45
42 Cricklewood Broadway,

London NW2 3ET

Tel: 01-452 0161/2/3

Excluding ferrite rod, loudspeaker, batterles, m.e.s.
famps and holders, tinned copper wire.

Radio Component Specialists, £20-00
337 Whitehorse Road,
Croydon,

Surrey

Tel: 01-684 1655

The Components Centre, £11:00
7 Langley Road,
Watford,

Herts. WD1 3PS

Tel: Watford 45335
Arrow Electronics Ltd., £1575
Leader House,

Coptfoid Road,

Brentwood, Essex
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HE aim of this Teach-In series is to give newcomers
T to electronics enough theory and practical work
to move on to other EVERYDAY ELECTRONICS articles.
The ground covered will be limited to what is really
necessary for a beginner, maths will be minimised
and practical work will be given much emphasis.
Readers will soon find themselves using transistors
and building quite complex circuits.

Understanding will grow step by step alongside
practical experience. Readers will first be given a
rough general idea of how, say, a transistor works,
and then some experience with a practical circuit.
Later, as the series progresses, the rough idea will
be refined and expanded, to enable the working of
circuits to be better understood.

At the end of the series the reader will be able to
turn back to the beginning and see things with a
deeper understanding.

TOOLS

You must have a soldering iron of the miniature
electric kind. You'll also need some thin resin-cored
“60/40” solder, a pair of thin-nosed pliers with a
wire cutting section (or a separate pair of wire
cutters), a miniature hammer, a wood saw, a small
screwdriver, and a hand drill (egg-beater type) and
twist drills for it.

Electrician’s pliers are very expensive these days.
If you are short of cash you may be able to get by
with a small sturdy short-bladed pair of scissors
instead of wire cutters and a pair of tweezers instead
of pliers for holding components. Nail cutting pliers
from manicure sets will usually cut copper wire and
may be cheaper than real wire cutters.

Sooner or later in electronics you will need a test
meter of the multimeter type (also called a vom) but
this is not needed in this series because one of our
first jobs will be to construct an Electronic Voltage
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Indicator which gives rough measurements of voltage.
You will certainly need some flexible insulated con-
nectors with a small crocodile clip at each end. These
are for making temporary connections and ten are
desirable. The best crocodile clips have plastic covers
which insulate all but the tips of the jaws. They can
often be bought as made-up connectors in assorted
colours.

THE INEVITABILITY OF
SOLDERING

Practical work calls for some form of constructional
technique which is simple enough for a beginner to
use and at the same time neat and flexible. Having
thought hard about it we have come to the conclusion
that no constructor will ever get far in electronics
until he has mastered the art of making good soldered
connections.

Soldering is the neatest, cheapest and with practice
the quickest way of making reliable connections.
What’s more, you can learn to do it in an hour. So
we shall specify soldered joints from the start, and
give practice at making them.

MODULE BOARD TECHNIQUE

You need some form of base or chassis on which
to build your circuits. In this series we shall go all
out for simplicity, cheapness and adaptability. Our
basic chassis will be a “breadboard”, that is, a rec-
tangular piece of board. The best kind of board is
thick dense fibre-board, often sold by builders’
merchants as Sundeala board. If this is not obtainable
use one of the alternatives, which are plain softwood
(make sure it’s free from knots), plywood, and block-
board,

Blockboard, which is made of softwood blocks
sandwiched between plywood skins, is easy to use.
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The board should be at least 12mm thick. The precise
area is not important, but a piece the size of a sheet
of A4 paper (295 x 210mm) or slightly larger will do
very nicely.

You will also need some small pieces of three-ply
wood or hardboard. These are for making circuit
modules which we shall be using over and over again
as if they were individual components. Also a strip
of baseboard material about 200 x 40mm for soldering
practice is required.

Building circuits and modules on baseboards like
these has some outstanding advantages. First, all the
components and wiring are on the same side of the
base. Nothing| is hidden. Secondly, you have great
freedom in positioning your components, so you can
make the actual construction follow the theoretical
circuit diagram very closely. This is a help to under-
standing and also to testing and fault-tracing.

Finally, this form of baseboard construction is a
useful half-way house to the more professional forms
like Veroboard and printed circuits. You will find it
relatively easy to change to these later if you want to.
It will also be easy to change to temporary plug-in
breadboards such as T-Dec, which can be very useful
for experimental work.

MODULE BOARD ACCESSORIES

Apart from the actual boards you will also need
wire, nails (or pins), and stiff white card. The card
is required for mounting on top of the modules for
identification.

The nails are standard 25mm long panel pins as
sold by many do-it-yourself shops. Alternatively,
ordinary domestic straight pins can be used as
employed in the author’s prototype system. This will
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LEARN ELECTRONICS THIS SIMPLE WAY'!

[0 This series has been designed to introduce the
newcomer to the fascinating world of electronics.

[0 Basic theory fully explained and then put into
practise by specially designed experiments.

[0 Experimental work is carried out on our Module
Board System that you construct yourself.

be discussed fully later. These must be clean, bright
and brand new, otherwise solder won’t stick to them.
Office stationers sell plated pins which take solder
well and these are what you need. The most common
size is 25mm and known to the trade as Standard
Short Whites. A four ounce box will last years but
you can get a smaller packet and reduce your initial
expenditure.

Glue is also needed. To begin with, a tube of
rubbery glue such as Copydex is useful. Later you will
need some woodworking glue such as Evo-Stik wood-
working adhesive, for making boxes and cabinets.
Alternatives are a polystyrene glue such as Britfix
and an impact adhesive for the woodwork. A few
blobs of Blu-Tak are useful for holding the circuit
modules to the base.

Now wire. For cheapness, most of the connections
in our circuits will be made with bare (uninsulated)
wire. For ease of soldering this should be of tinned
copper. Thin wire is cheaper (per metre) than thick,
but if too thin is hard to handle and breaks. We
have found the thinnest which can be used is 30 s.w.g.
which is about 0-3mm diameter. (Wire sizes in
Britain are officially metric now but there’s still a
lot of the old s.w.g. stuff about.) The thickest which
is easy to use is 22 s.w.g. which is about 0:7mm
diameter. If you have a choice get 26 s.w.g. or 0-5mm.

To get started you can use 20 amp or 15 amp fuse
wire which is usually ginned copper of a suitable
thickness, but expensive in small quantities. Some
electrical shops sell fuse wire on small reels: this
may be the easiest way to get your plain wire.

Some of our connections will have to be insulated.
Buy a few metres of thin plastic-insulated copper
wire, the kind with a single core rather than several
strands twisted together. Here again, tinned copper
is preferable but plain copper will do.

69



COMPONENTS
Resistors
1002 5 off)
330 5 off
100Q 5 off
3300 10 off
1kQ 20 off
3:3kQ 10 off r $W - 5% carbon
10kQ 10 off
33kQ 5 off
100kQ 10 off
330kQ 5 off
y\gﬁg g gg} W £ 10% carbon
Potentiometers
100kQ log. less switch 3 off
1MQ log. less switch 1 off
Semiconductors
BCi108 silicoh npn 11 off
2N3702 silicon pnp 4 off
TIL209 red light emitting diode 3 off
OAQ germanium point contact diode 2 off
IN4001 rectifier diode 6 oft
Capacitors
InF
10nF polystyrene or metallised polyester
100nF types 5 off each value

100uF 25V elect. 5 off »should not exceed that
1000uF25V elect. 2 off ] stated due to size re-
: strictions. Axial types only.

10uF 25V elect. 2 oﬁ}Maximum working voltage

The following capacitors are only required If the
capacitor substitution box Is to be bulit;
1 off each value;

100pF ]

330pF polystyrene 4+ 5% or better

inF f

3-3nF

10nF

33nF metallised polyester 4+ 209% or better
100nF :

330nF

1uF Tolerance unimportant. Working vol-
10uF tage at least 10V, preferably higher. Size
100uF riot too important. However, excessively

1000uF large components should not be used.

Miscellaneous
Ferrite rod 4 inches x # inch or metric equivalent
1 off
20 to 80 ohm speaker 66mm diameter 1 off

26 s.w.g. tinned copper wire 10 metres
6-3V or 8V 300mA m.e.s. bulb 1 off

PP3 battery 1 off

PP9 battery 1 off
Smali-pointer knobs, any colour 30mm lo?:fg

40

PP3 battery clip 1 pair
PPg battery clip 1 pair

Batten mounting lamp holder for bulb 1 off
1-pole 12-way rotary wafer switches 2 off
1/0-6 solid core insulated wire in red, black, green,
white and yellow 2 metres
each
10 metres
total
Alternatively 10 leads with crocodile clips termina-
tion (Eagle types or similar) and only 1 metre of

The following materials are required to build the

module board and the individual circuit modules:
One piece of fibre board or similar material, 305mm
X 216mm X 15mm; Plywood 4mm thick, sizes and
quantity as required. A piece about 61cm x 61cm
(24 inches X 24 inches) would suffice; Evo-stick
woodworking glue or similar; Approximately 100
off 26mm long panel pins or standard domestic
pins; Rubber solution glue such as Copydex:
Sheet of white card about 450mm (18 inches)
square; Solder.

TOOLS

The following list should be considered essential
items for the Teach-In series;

Small pin hammer

Wood saw

Hand drill with a small range of miniature drills
Long nose pliers incorporating a wire cutting
section, as an alternative ordinary household nail
clippers would suffice

Soldering iron, 240 volts no greater than 25 watt
rating
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300pF variable Dilecon solid dielectric each colour wire as above
For cleaning up tarnished wire and component
MATERIALS leads steal from the kitchen sink a small piece of

pan-cleaning “cloth” which looks a bit like thick
felt (usually green) but is hard to the touch.

Solder wire, which was mentioned earlier, must
be of 60/40 composition, that is 60 per cent tin, 40
per cent lead, which is the composition with the
lowest melting point. The thinner kinds are best (20
or 22 s.w.g.).

SOLDERING EXERCISE

You can now begin to do some practical work. Use
a spare piece of baseboard about 200 x 40mm. Drive
in a row of nails or pins as preferred an inch apart.
Tin them, that is cover the shanks with a thin layer
of solder. To do this, first make sure that the working
surface of the “bit” of the soldering iron is itself
tinned. If it is a new soldering iron, plug it in and as
it warms up hold the end of a piece of solder wire
against the tip of the bit. The resin flux from inside
the solder will melt first then as the bit gets hotter
the solder itself melts. Apply a liberal coating all
over the last half inch of the bit, nearest the tip and
leave it for a minute.

When the excess solder is wiped or brushed away
the whole of the treated part of the bit should be
bright and silvery. If the iron is not new and the
bit is blackened scrape away the black crust before
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Tinning the bit of a soldering iron.

plugging in the iron. In bad cases, use a smooth file
to get down to clean bright metal.
Bits are made of copper, but on some new irons the

bits are often plated with nickel or iron, which wears

away in time. If you have a plated bit do not remove
the plating.

When using the iron always wipe the bit clean
immediately before and after use, every time you
make a joint. In factories where hand-soldering is
done the operatives usually have a pad of special
high-temperature, sponge-plastic fixed on the bench,
to wipe the bit on. Ordinary sponge plastic is no use,
because the heat of the iron melts it and you are
left with a sticky bit and a foul smell. Your pan-
cleaning cloth melts, too, because it is plastic. But
you can use a piece of cotton cloth (not man-made
fibre such as nylon), a real bristle brush (not plastic
bristle) or a brass-bristled suede brush.

To tin a nail (or pin), press the tinned surface of
the bit against it and then touch the end of a length
of resin-cored solder wire against it. The solder will
melt on to the nail. (You may find it easier to touch
the solder against the bit and the nail simultaneously.)
Only a small amount of solder is needed. It can be
spread by sliding the bit, keeping the nail hot.

Tin all the nails, then join them together with a
length of bare wire, wrapping it three times round
the end nails and once round the intermediate ones.
Keep it moderately taut. Leave a short length of
spare wire at the end. Solder the wire to each nail,
using the minimum amount of solder which will do
the job.

When you have finished admiring your work, test
the firmness of the nails by tugging on the wire. This
will give some idea how far they should be driven
into this particular piece of board. If necessary, drive
them in deeper.

Now to unsolder the wire. Take hold of the spare
bit of end wire with pilers, hold the bit against it’s
nail to melt the solder, and unwrap it. Do the same
all along the line, testing each connection first, by
trying to unwrap the wire before applying the iron.
It should resist this. You now have a row of nails
again, some with nasty blobs of solder. Remove the
surplus solder by pressing the freshly wiped bit
against it wiping or brushing while the solder is
molten.

Repeat the exercise until you can solder the wire
satisfactorily in about three seconds. Speed is impor-
tant because delicate components can be damaged by
excessive heat.
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When you are satisfied with your soldering per-
formance, repeat the exercise with insulated wire.
To do this you will need to strip off some of the plastic
insulation to expose the ends of the copper conductor.
This has to be done without cutting or nicking the
wire at the point where the insulation is cut. (Wire
stripping tools exist which can be set to do the job
with precision but with practice you can manage
with ordinary wire cutting pliers.)

We are now ready for our first real constructional
task. This is to make a row of ten resistors. They will
be soldered to a row of 11 nails spread 20mm apart
—on the same piece of board you have been practis-
ing on if it is still in good condition.

iron and solder are applied.

RESISTOR CHAIN

In this series only two resistance values from each
“decade” are used. So the values required are 1 ohm,
3-3 ohm and so on up to 3-3 megohm. Further, they
can all be of the 330mW or 14W carbon film type,
the former being from the Mullard CR25 range. Your
first task is to make a chain of ten 1 kilohm resistors;
Fig. 1.1 shows how this looks physically and also
symbolically in circuit diagram form.

In the diagrams the dotted line shows that some
components are omitted. The middle drawing, with
thin rectangles to represent resistors is the modern
British (and Continental) way of drawing them. The
alternative (lower diagram) zigzags are still found
more frequently in British technical magazines.

To make the resistor chain, drive in 11 nails at
intervals of 20mm, and a couple of extra ones at each
end. (These will be handy for making connections
when we use the chain.) Use the full length of leads
on the 1 kilohm resistors, bending them into a
U-shape to fit the nails. Interconnections between the
spare pins at the ends are made with bare wire.

When soldering a resistor (or any other component)
a useful trick is to grip whichever of its leads you
are applying the iron to with pliers. This helps to
absorb some of the heat which runs up the lead to
the body of the resistor. Attach the resistors to the
bottoms of the nails, where they enter the baseboard.

Inspect each joint after completion to make sure
it is properly soldered.

Resistors connected head-to-tail in a line like yours
are said to be in series. Later on we shall connect a
9V battery to the chain of resistors. We shall connect
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need to believe in the model. You
just use it to help your understand-
ing. Sooner or later you discover
something which the model cannot
explain. The model has now broken
down, and you either discard it or

Ri R2 R3 R4 R9
kA | { 1kn } T e BT P — [Tkn |
RY T R3 fkn} RS hQ

R2 tkn

alter it.

Franklin’s model soon had to be
replaced by a slightly more com-
il plicated one. This said that all

L1k things were filled with a neutral
fluid. This neutral fluid could be
R10 &2

split into two fluids, a positive
fluid and a negative fluid. When-
ever breakdown happened (e.g. by
rubbing a glass rod with silk) equal
quantities of positive and negative
fluid were created. One fluid was
concentrated in the glass, the other
in the silk.

Every positive charge had a
corresponding negative charge.

This model worked very well—

Flg 1.1. The resistor chaln as used In this serles. Shown here is the method of
construction, and is represented by either of the two circuit symbols shown below.

the positive (+) terminal to one end and the nega-
tive (=) terminal to the other. Current will flow
from the positive terminal, through the resistors,
and back to the negative terminal.

An important question is: does the current get
weaker as it passes along the chain? Before answer-
ing it we need to know what is meant by “positive”
and “negative”.

THE ELECTRON

In the early days, when the only electricity known
was the kind made by rubbing insulating materials
together, it became clear to experimenters that there
were two kinds of electricity.

There was the kind you made by rubbing a stick
of resin with silk, and the kind you made by rubbing
a glass rod with cat’s fur. You could tell they were
different because if you charged something up with
one kind, then added the other kind, the charge
decreased instead of increasing. Evidently one kind
cancelled the other.

Being mathematically minded the early experimen-
ters called one kind positive electricity and the other
kind negative electricity. Positive cancels negative.
How does this fit in with the idea of an electric
current running through wires as water runs through
pipes? In the 18th century Benjamin Franklin
assumed that every solid object contained an
invisible, weightless, electric fluid. The flow of electric
current was therefore a flow of the electric fluid. An
object which contained an excessive amount of fluid
was said to be positively charged. One with less fluid
than would fill it was negatively charged. Bring a
positively charged object into electrical connection
with a negatively charged one, and you can see what
will happen—charge will flow from positive to
negative.

This theory is an example of what physicists
nowadays call a model. A model is just a set of ideas
invented to explain things that happen. There is no
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quite well enough to enable elec-
trical engineering to get going in
the nineteenth century. Despite
the fact that it seems old fashioned
it contains some ideas which are still around: the
idea that a current can be a flow of positive charges
or a flow of negative charges; the idea that creating
a positive charge also creates a negative one. Later,
when the electron was discovered, it seemed that
only one kind of charge—a negative one was needed
to explain ordinary conduction through wires.

The theory of conduction in metals says that the
outer electrons which orbit their atomic nuclei are
easily detached and can hop from atom to atom, see
Fig. 1.2. Under the influence of a voltage they all
hop the same way, giving rise to current.

FREE Q-—
ELECTRONS

/ /
@ @ @
el N

Fig. 1.2. Electron current flow in a metal. it is the electrons that
become detached from their atoms and move under the influence
of an applied voltage (the battery) that form this current. Note
that “‘conventional” current flow 1, is in the opposite direction.

O—> o

When the transistor was invented, physicists found
themselves dealing with certain types of crystals in
some of whose atoms one outer electron was “miss-
ing”. They found it convenient (for doing their sums)
to call the space where the electron should have been
a hole.
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DIRECTION OF APPLIED VOLTAGE
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Fig. 1.3. Steps (a) (b) and (c) show that the effect of electrons
hopping from atom to the next is equivalent to a hole (missing
electron) moving in the opposite direction. This can be demon-
strated by moving beads along a wire one at a time from Ato 8.
The "hole" moves from B to A.

(b}

(c)

You could then think of a hole as something which
hops from atom to atom under the influence of a
voltage (an electric field, strictly speaking), see Fig.
1.3.

A hole, of course, has no real existence. It is just
another model. But it’s a very powerful one. In the
last few years, physicists have discovered that in
crystals of germanium and silicon, at very low tem-
peratures, electrons and holes can meet without
cancelling one another out. Instead, they go into orbit
round each other, and since one is charged equally
and oppositely to the other, together they form a
neutral particle.

Millions of these neutral particles (called excitons)
can accumulate and flock together, to form droplets.
The droplets behave as if they were a liquid—a
liquid able to flow easily through a solid crystal of
germanium or silicon.

Maybe the old electric fluid idea wasn’t such a bad
one, after all!

One thing which emerges from all this is that the
names positive and negative are artificial, part of
the original model. It’s a pity that, following the
model the charge on an electron has to be labelled
negative. In our circuits, we think of current as
moving from the positive terminal of the battery,
through the circuit, then back into the negative
terminal. But the electrons, which carry the charges,
are going the opposite way. Fortunately, taking a
hint from transistor physics, we can now think of
flows of holes instead.

The hole flow then goes the same way as the
current, which seems more reasonable.

CURRENT IN A CHAIN

Imagine a pump connected to a circle of piping,
so that it pumps water into one end of the piping and
gets the water back again from the other end. The
water goes round and round the circuit. Obviously,
exactly the same amount of water returns to the
pumps as leaves it. The flow of water is the same
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at any point in the circle.

This is true even if the piping is not uniform but
has narrow sections and wide sections. If the pump
drives 10 litres of water per minute then each minute
10 litres pass through every section of pipe round
the circuit, whether the pipe is wide or narrow.

This suggests that in an electric circuit with low
resistances and high resistances in series the current
should be the same at all points.

CURRENT FLOW

Fig. 1.4. The flow of current in a circuit can be likened to water
being pumped through pipes. The battery can be thought of as
a pump, and the resistors narrow sections along the pipe.

When a battery is connected to your string of
1 kilohm resistors, and current flows from the positive
terminal to the negative, through all the resistances,
the current should be the same all along the chain.
It does not get weaker as it goes along. This can be
proved in terms of the fiow of electric charges. The
charges here are carried by electrons.

An electron carries a fixed and definite amount of
charge. It is always the same. You cannot have two
electrons, one charged more strongly than the other.
All electrons are charged with exactly the same
quantity of electric charge.

If an electron, on its journey along the circuit,
were to get tired and stop, its charge would stop
with it. An electron’s charge is negative, so the region
around the point at which it stopped would be nega-
tively charged. If six other tired electrons stopped
nearby, the charge would be six times as negative.
But this is unlikely to happen.

The early workers discovered that one negative
charge repels another. So if one electron stops, others
are pushed away from it. In the same way, if one
stops and another comes near, the stopped electron
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Photograph of the Teach-In components.

itself gets a little push which sets it moving again.
So the charges keep one another moving round the
circuit, even though one individual electron may stop
from time to time, or even go backwards a little. The
consequence is, that the current passing any point
along the chain is the same.

The current does not get weaker as it goes along.
Current at all points in a chain is the same.

Something however does get weaker—the voltage.
If 1t is 9V at the positive end, that is, 9V positive,
it is only 4-5V positive halfway along. It is not
positive at all at the negative end of course, which is
just another way of saying that all the voltage is used
up in driving current round the circuit.

In our resistor chain the circuit consists of ten
difficult stretches (the resistances) connected by other
stretches (the wires) which are so easy that no effort
to speak of is required to push the charges along
them.

Since our ten resistances are equal, it stands to
reason that each uses up one-tenth of the battery
voltage. With a brand new 9V battery, which actually
delivers nearly 10V, each resistance uses up nearly
1V. If we could measure the voltage at the junctions
between adjacent resistors we would find that (start-
ing from the +9V end) it went down to 9V, 8V, 7V,
6V, etc and of course finally OV at the negative end.

You have to take this on trust, Later we shall
actually use this stepwise variation in voltage as a
means of calibrating our Electronic Voltage Indicator.

In the meantime we shall just say how, in principle,
it is possible to demonstrate that the current really
is the same all along a series circuit. The key dis-
covery was made by the Danish physicist Oersted
(pronounced ursted) in 1820. He found that currents
create magnetic fields. If a magnetic compass is held
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over a wire running north to south, so that the wire
and the needle are in line, and then the current is
switched on, the needle turns to one side.

The effect is not noticeable unless the current is
several amperes, which is too much for a 9V dry
battery to supply. However, in high current circuits
which do deflect the compass strongly it is found that
the deflection is the same at any point.

So the current must be the same, too.

Next month we shall describe how to build some of the
modules required for experiments.

o
= e VY
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By R. A. Penfold

HERE are many electronic photo-
graphic aids that can be pro-
duced by photographers who also
have an interest in electronics, and
probably the most useful of these
gadgets is an electronic enlarger
timer. A very worthwhile saving
in cost can be made by building
ones own rather than by purchas-
ing a ready made item.

The Enlarger Timer described
here has a switched range of 0 to
99 seconds in one second incre-
ments, and should thus fulfil all

AR S I R

CONSTANT REFERENCE
VOLTAGE VOLTAGE
Y

A
K “ RANGE
> ~ SELECTOR

COMPARATOR

BUFFER
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used, with a couple of operational
amplifier i.c.s and a triac forming
the basis of the unit. Since the unit
is not only mains powered, but is
also controlling a mains load, its
circuitry is more directly connected
to the mains than would normally
be the case. For this reason the
unit is not really a suitable project
for a complete beginner.

~ START

normal amateur requirements. It
does not employ digital techniques,
as do many timers having this type
of time selection, and so the unit
does not have the extremely high
degree of accuracy associated with
digital timers. Nevertheless, a de-
gree of accuracy in excess of that
required for this purpose can be

HERE FOR
CONSTRUCTION

TIPS S0 AT

TRIGGER

POINT . (L
N\
i o A-C-:‘;“Ns enlarger lamp is turned on. At the same

obtained.

The unit has a high repeatability

accuracy and so consistent prints

are obtained.

A reasonably simple circuit is

An instrument case type BV4
makes an excellent housing for the
project, but any case of a similar

ELECTRONIC SWITCH

ENLARGER

HOW IT WORKS...

When the Enlarger Timer is switched on, the

moment, capacitor C starts to charge up via a
selected series resistance (range selector);
the charging up time is proportional to the §
value of this series resistance. The voltage
level on the capacitor is fed via a buffer stage
to a comparator. The buffer stage is used to
reduce the loading on the capacitor to a
minimum so as not to interfere with charging
time.

When the relayed capacitor voltage at the
comparator fractionally exceeds the reference
voltage level, an output voltage is produced
which causes the electronic switch to turn off,
thereby extinguishing the enlarger bulb.
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Resistors

R1 1-5kQ
R2 10Q
R3  3:3kQ
R4  4:7kQ
RS  8:2kQ
R6  470Q

R7 to R15 68kQ +1% (9 off)
R16 to R24 680k +1% (9 off)

Potentiometers
VRt

Capacitors _

C1  250uF 16V elect,
C2  250uF 16V elect.
C3  47uF 16V elect.
C4  10uF 18V elect.

Semiconductors

TR1 2N2219 silicon npn

TR2 BC109 silicon npn

D1 1N4001 rectifier

D2  1N4001 rectifier

CSR1 2N5756 or similar triac

Switches

S1  d.p.d.t. standard toggle switeh

S2  d.p.d.t. standard toggle switch

S3  s.p.s.t. standard toggle switch
(2 off)

Miscellaneous

6-3V at 500mA approx;

10kQ miniature horizontal preset

COMPONENTS &%=

All resistors are ¥ Watt carbon 4-5% except where stated.

Shap

Page 67

IC1 741 operational amplifier 8 pin d.i.l.
IC2 741 operational amplifier 8 pin d.i.l.

D3 BZY88C12V 12V 400mW Zener diode
D4 BZY88C3V33-3V 400mW Zener diode

S4, S5 1-pole 12-way rotary wafer type, with adjustable end stop if required

T1 mains transformer, standard primary, one secondary winding of

Instrument case type BV4 (Bi-Pak Ltd) or similar (230mm X 134mm X
g5mm); stripboard 0-1 inch matrix 44 holes x 20 strips; veropins as
required; two large pointer knobs; 6BA fittings; heatsink for CSR1 if
required; 3-core mains lead; grommets; wire; solder.

size (230mm X 134mm X 65mm) can
be used, provided it is constructed
of metal. The drilling and layout
of the front panel are shown in
Fig. 5. Two holes are drilled at con-
venient points on the rear panel,
one of these being for the mains
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input lead, and the other for the
lead of the enlarger. Both these
holes are fitted with grommets. The
transformer is mounted on the left
hand side of the chassis, and a
solder tag is mounted under one of
its mounting nuts.

The main earth lead is connected
to this, it is important that the
case is properly earthed even if the
enlarger only uses a twin mains
lead.

A 0-1 inch pitch stripboard hav-
ing 44 holes by 20 strips contains
much of the circuitry. Details of
this panel are illustrated in Fig. 4.
After a panel of the correct size
has been cut out using a hacksaw,
the two 6BA clearance mounting
holes have been drilled, and the
15 breaks in the copper strips have
been made, the various compo-
nents are mounted and soldered
in. Start with the resistors and
capacitors and leave the semi-
conductors until last. Veropins are
used at the points where connec-
tions to T1, the switches, etc. will
eventually be made.

Be very careful not to bridge any
of the gaps between the copper
strips with blobs of excess solder,
particularly when soldering in the
i.c.s. The mains could touch the
front panel and such short circuits
could prove to be expensive mis-
takes, If possible, check with a
continuity tester that there are no
shorts between adjacent copper
strips, as offending pieces of solder
can often be so small as to be ex-
tremely difficult to see. Also check
the panel very carefully for wiring
errors.

The completed panel is mounted
on the right hand side of the
chassis using two fairly long 6BA
bolts. Use spacers to hold the panel
well clear of the chassis.

Finally, the unit is wired up
using ordinary multistrand p.v.c.
insulated connecting wire, and the
mains and enlarger leads are wired
in. This wiring is shown in Fig. 3,
and this also shows how the timing
resistors are mounted around S4
and S5. This wiring is all quite
easy provided the ends of leads
and tags are all well tinned with
solder prior to making a connec-
tion.

CALIBRATION

The variable resistor VR1 must
be adjusted to provide the correct
timing periods before the unit is
ready for use. Initially VR1 is set
with its slider at about the centre
of its track. Use an insulated tool
to adjust VR1 and do not touch
any of the wiring when the timer is
connected to the mains supply.

Set S4 and S5 for a fairly short
time, say about 10 seconds, and
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CIRCUIT
DESCRIPTION

The circuit diagram of the En-
larger Timer is shown in Fig. 1, and
the range switching -circuitry is
_shown in Fig. 2.

The mains transformer T1 is fed
from the mains via the on/off
switch, S1. The transformer re-
duces the 240V. mains to about
6-3volts, A 6:3V valve filament
transformer is used for T1 on the

- prototype, but this can be any type
“having a secondary that supplies
about 6V at 500mA or more.

The output of T1 is fed to a vol-
tage doubling rectifier and smooth-
ing circuit. This really consists of
two half wave circuits connected in
series, one using D1 and C1, and
the other using D2 and C2. In the
‘interest of good accuracy it is
necessary to power the timer from
a stabilised supply. Components
R1, D3, C3, and TR1 form a con-
ventional emitter follower series
stabilisation circuit, and approxi-
mately 11-5 volts appears at the
emitter of TR1. This is used to
power the main circuit.

The stabiliser circuitry also pro-
vides a considerable amount of
smoothing to the supply which, as
a result, has a very low ripple con-
tent.

COMPARATOR

The timing circuitry is based on
1C2 which is an operational ampli-
fier, but is used here as a compara-
tor. It's inverting input is taken to
a reference voltage, the required

voltage being set on VR1 which
forms part of a potential divider
connected across the supply rails.
The non-inverting input is con-
nected to an R/C timing network.
It is necessary for very little cur-
rent to be drawn from this net-
work, and so IC1 is used as a unity
gain buffer amplifier between the
timing network and IC2. Integrated
circuit IC1 boosts the input im-
pedance to the non-inverting input
of IC2 to an extremely high level,
but because it has a voltage gain of
only ome, it does not otherwise
affect the operation of the circuit.

Capacitor C4 is the timing
capacitor and is fed from the posi-
tive supply via a resistor, or series
of resistors when S2b is set to the
right hand position. Simultaneously
S2a connects the mains supply to
the enlarging lamp by way of the
triac. The triac will be turned on
as it will be receiving a gate cur-
rent through R6. Thus throwing
$2 turns the enlarging lamp on.

The lamp will remain on until
the voltage across C4, which is
steadily rising exceeds the refer-
ence voltage at the inverting imput
of IC2. At this point the previously
low output voltage of IC2 will
swing to virtually the full positive
supply rail voltage, and in conse-
quence TR2 is turned hard on by
the base current it receives
through D4 and RS5.

In doing so it diverts the current
from R6 to the negative supply rail
through it’s collector and emitter
terminals, and cuts off the gate
current to the triac. The enlarger
lamp is therefore turmed off when
the voltage at the non-inverting
input exceeds that at the invert-
ing input.

General interior photograph showing the layout used.
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RANGE SWITCHING

In practice the voltage at VR1
slider is set to a level that gives a .
one second timing period with a
timing resistence of 68 kilohms in
circuit. The nature of the circuit
is such that it will then give a
timing period of two seconds with
136 kilohms in circuit (2X68
kilohms), three seconds with
204 kilohms (3X68 kilohms), and
SO on.

The range switching merely con-
sists of a string of nine 68 kilohms
resistors in series, and nine
680 kilohms resistors in series with
these. Switch S4 can be used
to select any of the 68 kilohm )
resistors that are not required, and
S5 performs the same function
with the 680 kilohms resistors. For
every 68 kilohms resistor that is .
switched into circuit the timing
period is increased by one second,
and for every 680kilohm one it is
obviously extended by ten seconds.

By switching in the appropriate
resistors, any time (ignoring frac-
tions of a second) between 0 and
99 seconds can be obtained. For in-
stance, three 680 kilohm resistors
and nine 68 kilohm ones will
obviously give a time of 39 seconds.

If good accuracy is to be
obtained, the timing resistors must
all be close tolerance 1 per cent
or 2 per cent types.

TRIGGER

It would be possible to arrange
the circuit to operate without TR2,
but there would then be the possi-
bility that the triac would not
switch cleanly, with spurious

ESTIMATED COST
. OF COMPONENTS

£6-50
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Fig. 1. Complete circuit diagram of the Enlarger Timer. The range circuitry is shown in more detail in Fig. 2.
flashes of the lamp towards the end -

of the timing period. %
Ri6

In effect, TR2 is used to speed
up the voltage swing at the output

%RW
%RIB

of IC2 as it changes from the high
begin to conduct until about 3 volts
is developed across it’s terminals, i
and so it prevents TR2 from re- 0
ceiving any base current with IC2
output in the low state; RS is a cur-
rent limiting resistor and is in- - R20
cluded for the protection of TR2.
Any time after the timing period
has been completed, S2 can be re- ol Lo
turned to the left hand position. R12 I | iL < R21
This causes C4 to be discharged

R7

FAAAAAMAANA

to the low state, and it thus en-
sures clean switching by the triac. RS
The low output voltage of IC2 is
about 2 volts, which would be
sufficiently high to hold TR2
permanently on if it were not for R
the inclusion of D4. This will not
through S2b and R2. Resistor R2 is
needed to limit the discharge cur-
rent and so prevent sparking at the
switch contacts, which could other-
wise reduce the life of the switch.
When C4 has been discharged, the
triac will turn on again, but the
enlarger lamp will not come on as
it is disconnected from one side of
the mains by S2a.

The circuit is thus reset and
ready to start a new run.

Switch S3 enables the lamp to be
turned on while the enlarger is
‘being focused. Fig. 2. The range switching circuitry for the Enlarger Timer,

R22

+ve SUPPLY s2b R23

R7 TO R15 9x 68kl R24

R16 TO R24 9x680kN
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then switch S2 to the “set” posi-
T ] tion while measuring the time that

3 C O 0 DiA, the enlarger’s lamp is illuminated.
X é:( \\ This procedure is then repeated as

( - - ) - v LU necessary with VR1 being adjusted
by trial and error to find a setting

' J that gives approximately the time
set on S4 and S5. Then these
switches are set for a 99 second
timing period, and the same pro-
cedure of trial and error is used to
bring the actual timing period to
; imensi i ; as close to 99 seconds as possible.
Fig. 5. Dimensions and drilling details for the front panel. Tt showlld be' possible o Abtain.-an
error of less than half a second
without too much difficulty.

Note that adjusting VRl in a
clockwise direction increases the
output time, and turning it in the
other direction has the opposite
effect.

It is safe to use the timer with
any normal size of enlarger bulb,
and the prototype is used with a
150 watt bulb. The triac did run a
little warm, and was therefore
fitted with a small clip-on heatsink,
but this is probably not really
necessary.

Switches S4 and S5 can be 12
way single pole rotary switches of
the type having an adjustable end
stop. These would then be set for
10-way operation. The author used
ordinary 12-way switches with two
positions simply being ignored.
This has the advantage that the
control knobs are free to continu-

'<725—;--<— 28—t — 28— b G e 38—
: 226 -
DIMENSIONS IN mm

. B k. Y& & : . ously rotate, and it is possible, for

— — instance, to switch from position
Detailed photograph showing the stripboard and in particular the method 9 to position 2 the quick way (ie.
of wiring S4 and SS. clockwise). )

KNOWING YOU I EXPECT YOU GOT VERY DIRTY
CONSTRUCTING THE MODEL BOAT MOTOR
CONTROLLER, BUT YOU’VE BEEN IN THERE
[AN__HOUR. HOW MUCH LONGER WILL YOU BE?

) ¥

i @
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T is interesting to see how hi-fi firms
l are going even deeper into the area of
studio style equipment for the well-heeled
domestic user. Technics recently demon-
strated the battleship grey rack-mounted
9000 series (pre-amp, power amp, tuner,
graphic equaliser and sophisticated
signal-fevel meter unit) which is clearly
aimed at the growing number of enthusi-
asts who like to feel at home in a studio. Of
course, whether they can afford the £1,500
or so it will cost them is another matter.
What interests me is what exactly people
do with equipment like this. After all, hi-fi
equipment is really only meant to repro-
duce music and other programmes as
faithfully as possible.

When | interviewed John Bird last year,
he summed up the dilemma very neatly:
“There's a limit on what you can do with
hi-fi equipment, except switch it on and
off," he mused. Personally | am increas-
ingly convinced that there are now two
separate hobbies, both equally valid. One
is using hi-fi equipment to listen to music.
The other is playing around with hi-fi gear.
And | don't mean building gear from basic
components; | mean playing around with
sophisticated ready-built equipment in
studio fashion.

Re-mixing

If I'm right, then before long there will
be some revolutionary and potentially
highly profitable market trends. Take the
Technics gear, for instance. The fre-
quency equalisers and multi-tape dub
facilities are idea! for altering the charac-
ter of music as you dub it from one tape
to another. But few people make their own
original music recordings, because there
is little opportunity to do so legally. After
all, how many concert halls welcome an
audience with tape recorders?

82

By ADRIAN HOPE

There is no fun in meddling with the
sound of a commercially released stereo
recording but there would be a great
deal of fun for some people in re-mixing
from a master-tape. So here's the train of
thought. Sooner or later I'll bet that the
record companies start releasing raw un-
mixed multitrack versions of recordings,
probably on 4-track tape which can be
replayed on Teac machines or modified
cassette machines. The enthusiast will
then be able to make his own stereo mix
by dubbing onto 2-track cassette or
open reel tape, while equalising and
balancing each track in the process in
creative fashion.

The record company vaults are filled to
overflowing with multitrack masters for
which they have little or no use and which
are only kept for security. Although many
of these are on 16 or 24-track tape, a
selected few could- easily be mixed down
into 4-track, for issue to enthusiasts.

Of course there are plenty of older
masters in the vaults, that were made on
4-track and could be issued in their
original form—like Sergeant Pepper by
The Beatles, for instance. I'll bet that if the
raw 4-track masters for Sergeant Pepper
were made available to the public, in
limited edition, they'd sell like hot cakes to
anyone who owns a 4-track deck of the
type sold by Teac and there'd be a lot
more 4-track decks sold in the future.

Frequency Equaliser

Another thought came out of a recent
Technics demonstration. The real value
of a frequency equaliser is not to roll off
tape hiss or whatever, because, frankly,
few people spending £1,500 on a system
are playing records that need hiss rolled
off. Even now the cheapest amplifiers
have filters that will do the job equally well.

No, the real benefit of a frequency
equaliser is to trim the output response
of a domestic hi-fl system to the acoustics
of the room in which it is wused.
For example, if the room is dead at the
bass end, the equaliser can lift the bass
just enough to level up the final sound.
But the only way to equalise a room using
a system like this is scientifically, which
in lts - simplest form means generating
pink noise and analysing the room sound
in each frequency band independently.
Adjustments are then made in those
bands as necessary on the equaliser.

Sound Systems

I was out at Wembley recently, on two
occasions, On one occasion the sound of
a really quite competent band sounded
abominable because they were playing
through a totally inadequate sound systém
which was clearly not equalised to the
hall. On the other occasion, Pink Floyd
performed, through a laboriously and
meticulously equalised system, and
sounded superb.

Few rooms are as bad as the Wembley
Empire Pool for acoustics; but most
could be improved with a littie judicious
equalisation. By the same token they can,
however, be made worse by random fiddling
with an equaliser by ear and trial and error.
Unfortunately the analysing equipment
needed to equalise a room properly is
very expensive, and sooner or later some-
one is going to make a fortune out of
hiring themselves out on a day to day basis,
to come in and equalise the listening room
for anyone with an equaliser like the
Technics SH9010.

Before this happens someone will need
to show what equalising a room can do to
its sound. This was vividly demonstrated
at an Audio Engineering Society meeting
several years ago, when the lecturer pro-
gressively corrected the appalling
acoustics of the room during the course of
his talk. Someone, perhaps Technics,
might like to think about holding a demo
in a room with bad acoustics and showing
what their wares can do to improve them.

-1 |
( CALCULATORS)

<\

“If you'll just give me a few minutes, sir, I'lf
work out how much you've got to pay.”
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SQUARE
=

ORDERING COMPONENTS

So Yyou've found a project in
EveErRypay ELECTRONICS that you
could put to good use, and would
like to build it.

“How do I go about this?” you may
be asking yourself.

Your first task is to collect together
all the components required to build
the unit. In all of our constructional
projects you will find such a list of
requirements in a box headed COM-
PONENTS, see Fig. 1. This contains
all the electronic components and
hardware required.

Check this list against any compo-
nents you may already have and
make a new shopping list of the re-
mainder.

Although not essential it is, in our
experience, desirable to have all the
‘components and parts to hand before
embarking on the construction. How-
ever, when items such as cases and
dials and labels are required, it may
be prudent to delay the purchase of
such items until the project is func-
tioning satisfactorily.

If you are lucky enough to have
a component dealer in your area, take
your list of requirements along to
him. He may not have all the com-
ponents in stock but could possibly
offer suitable replacements (equiva-
lents). It may be a good idea to take
along with you the copy of EVERYpaY
ELECTRONICS featuring the project.

For those remote from component
shops, you can order by post. There
are many mail order firms as you can
see in the advertisement pages of
EvVERYDAY ELECTRONICS.

Some components may not be avail-
able from an electronic component
stockist, for example the lamp re-
quired in the Train Controller (page
64) will have to be purchased from
a garage or car accessory shop.

Mail order firms prefer to handle
orders made out on their “official
order forms”, but these will probably
not be at hand for the newcomer un-
less he or she has previously pur-
chased a catalogue (which encloses
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-..FOR BEGININERS

WE ARE HERE TO HELP YOU -

NO MATTER HOW NON-TECHNICAL
YOU MAY BE, JUST READ ON'!

Dear Sirs,
Please supply:

Mr SMITH
123 New Street,
0ld Town

16th September 1977

Quantity Description Cost
1 Resistor 2.7k W carbon 2
1 Potentiometer 1k lin, 18
1 Transistor BFY51 25
1 Transistor 2N3055 720
1 Switch d.p.d.t. toggle 40
4 Insulated screw terminals 60

2 red, 2 black

fi] S5-way tagstrip 5
1 Lamp bezel (red) 10
1 Knob type CK2 20
1 Mica washer type TO-3 % 5

2 Insulating bushes TO-3
Total £2,55
Post & Pack 20
Total 2 75

8% V.AT 0 22

Enclosed cheque No. 123456 T TOTAL _ #£2.97 27

Fig. 2. A suggested layout for a “home-made" order form.

COMPONENTS S23c

Fig. 1. You will find all the necessary com-
ponents to build the project under this heading.

Fig. 3. Pro;ect TaIE

discussed in
Shop Talk. Page 67

official order forms). In the absence
of such a form, write out your order
as clearly and concisely as possible,
preferably typed, so as to avoid read-
ing errors. A specimen *“home-made”
order form is shown in Fig. 2 and
uses the component list from the
Train Controller article, on page 64).

You should only need to do this

on your first order to a particular -

supplier as an official order form will
(in most cases) accompany your goods.
In some instances a prepaid addressed
envelope is also sent to you for your
next order.

It is a good idea to mention the
project you are building and the pub-
lication date as advertisers will have
copies of EVERYDAY ELECTRONICS and
can check that the components they
supply are suitable.

Before making out your order form,
it is important that you read Shop

Talk because any components that we
think may be difficult to obtain will
have been investigated and a sup-
plier’s name and address given along
with the inclusive cost. A “See Shop
Talk” page 67 as shown in, Fig. 3
is included in all component boxes
to draw your attention to this service.

Finally, before posting your order,
ensure that you have enclosed your
cheque or postal order to cover the
total amount. Cash should not be
sent. How long you wait for delivery
will vary from firm to firm, but for
an order sent by first class post on
a Monday morning, under normal cir-
cumstances your components would
arrive within a week.

When you receive your components
the next step is to identify them and
check the values and type numbers.
This will be dealt with im mext
month’s SQUARE ONE,
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By D. J. Stephenson
INTRODUCTION

TESTER, capable of measuring

hre and distinguishing pnp
from npn transistors, will always
remain a useful item in the work-
shop.

A quick go/no-go test is of course
the “back to front” resistance
check across each junction
although the electronic multi-
meters which are gaining polarity
do not always perform well in this
application. The current they de-
liver on ohms is often too small
to bias a junction on sufficiently
to produce a reliable test.

Although the actual value of
hre is seldom critical in a reason-
ably designed circuit (except when
matching pairs) there is no doubt
that hre is essentially the primary
“goodness” factor and it is always
worth while in a one off project
to pick the best specimen.

The present economic situation
will soon be pressing some of us to
send for those packs of unmarked,
untested transistors and here, a
simple hrg and pnp/npn discrimina-
tion test is almost a necessity.

This model has no expensive
meter, has only one knob to

‘ .
ESTIMATED COST
OF COMPONENTS

£4.50

excluding
case
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operate and a simple press to test
button. Once calibrated, the scale
readings will remain stable and
reliable.

START
HERE FOR
CONSTRUCTION

The prototype was encased in a
Verobox type 212, The two l.e.d.
indicators and the PUsSH TO TEST
button are fitted to one of the side
panels but the hpz potentiometer
VR1, and batteries occupy the lid
as shown in the photographs.

The circuit is assembled on a
piece of stripboard as shown in Fig.
1. The two i.c.s are mounted in
sockets as are the three transistors.

Plastic edging strips obtainable
from d.iy. stores make excellent
guides. Two pieces are cut and
drilled to fit, and attached to the
Verobox. The board is clipped into
place and held quite firmly by a
loop of single strand insulated
wire. The same kind of strips keep
the two batteries in position.

The flexible wiring from the strip-
board can be soldered direct but
some form of anchoring remains
a better proposition. Veropins are
well worth the additional soldering
labour. The link A and the points
used for the initial setting up pro-
cedure are also desirable pinning
points.

The method of connection to
the transistor under test may be a
matter of personal choice. The pro-
totype uses flexible leads into
banana sockets but there is no
reason why a cluster of suitable
transistors sockets cannot be used
—there is plenty of room for them.

SETTING UP PROCEDURE

The initial test is simple. With
no transistor inserted, the two
l.e.ds should flash alternately at
all settings of VR1.

With a pnp under test, one l.e.d.
should be on at low settings ¢f VR1
and flashing should only commence
at some critical value. With an npn
transistor, the action should be the
same except that the other l.e.d.
should be steady at low settings
of VR1. If these results are
obtained, the preset VR2 can now
be adjusted to obtain an accurate
Vzer for the op amp.

(a) Remove link A and connect a
milliameter in its place.

(b) Short TP1 to TP2 to stop the
dual astable.

(c) Connect any npn transistor to
the test probes.

(d) Adjust VR1 until a reading of
2 milliamps is obtained.

(e) Disconnect the meter and re-
store the link, taking care not
to disturb the setting of VRI.

(f) Measure the voltage between
link A and TP1.

(g) Set VR2 for an identical
voltage voltage between TP3
and TP1.
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Transistor Teotwg
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COMPONENTS S5%3c

Resistors
R1 68002 +2% R9 6-8kQ
R2 6802 +2% R10 5+6kQ
R3 270kQ2 R11 12kQ
R4 12kQ R12 12kQ
R5 12kQ R13 1kQ
R6 2-TkQ R14 1kQ
R7 12kQ R15 82002
R8 270kQ2

All resistors are carbon film £5% W, except 2% types which are metal-

oxide.

Potentiometers

VR1 2MQ lin. less switch
VR2 2-2kQ miniature cermet preset
Capacitors
1 1uF 35V tantalum
C2 1000pF polystyrene Tal
@3 1000pF polystyrene
C4 1xF 35V tantalum page 67

Semiconductors

o] 556 dual timer i.c.

1C2 741 operational amplifier 8 pin d.i.l. i.c.
TR1 BC107 silicon npn

TR2 BCYT1 silicon pnp

TR3 BC107 silicon npn

D1, D2 TIL209 red light emitting diode

D3 BZY88C13V 13V 400mW Zener diode

Miscellaneous
S1 push-to-make, release-to-break single pole switch
B1, B2 PP39V battery (2 off)

SK1 2, 3 small 2mm sockets (one off each colour; red, green, and blue).
Strlpboard 0-1 inch matrix 24 strips x 50 holes Verobox type 212 or
similar; two battery clips; three small plugs to suit sockets; three
miniature crocodile clips; Veropins (16 off); three transistor sockets, and
one 8 pin i.c. socket; one round control knob; connecting wire; solder.

This completes the initial setting
up and the instrument is now ready
for testing any pnp or npn tran-
sistors.

CALIBRATION

There are two approaches to the
problem of calibration.

(a) Comparison with transistors of
known hm:.

(b) Using an equation derived
from the circuit values which
connects hrr with the angle
on VR1 scale.

It can be shown that if VR1 is
in kilohms, then hrg =5 + 0:42 X
VRI1.

Because the potentiometer has
a sweep of 300 degrees and is
2000 kilohms at maximum setting
the relation between # and VRI is
VR1=20006/300 which on substi-
tuting in the first equation gives:

5+ 286 =~ hr}:

Fig. 4 shows the scale used based
on the equation for 30 degree
steps which can be subject to
tolerance errors in VR1. For higher
accuracy, the actual value of VR1
can be measured and used in place
of the nominal 2 megohms in the
equations.

DUAL __L_
OSCILLATOR

COMPARATOR
REFERENCE
VOLTAGE =

o+

PNP

TR

+ve

TRANSISTOR
UNDER TEST
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—ve

ELECTRONIC
D.F D.T. SWITCH

@’ hFE

BASE CURRENT
CONTROL

HOW IT WORKS...

Two oscillators in anti-phase produce in &
effect a double-pole double-throw electronic |
switch that supplies positive and negative §
supply lines to the transistor under test. The §
polarity of the supply lines alternates at a rate
of about 3 hertz. .

For an npn transistor, the potential at point A
is negative with respect to B (set at about half
rail level) when the supply line to the collector ¢
is negative, and also when this supply line is ¢
positive, because the transistor is now turned @
on and its collector voltage is just above that |
on the emitter. This causes a negative output
from the comparator which turns on the NPN |
l.e.d. Similarly, a pnp test transistor always
produces a positive level at A with respectto B |
thereby producing a positive voltage which
turns on the PNP l.e.d. .

Both l.e.d.’s will flash when the potentials at
A and B are equal and will occur when collector
current (base current times gain, hre) is 2
milliamps. Read hg on the dial.

Everyday Electronics, October 1977



CIRCUIT
DESCRIPTION

DESIGN POINTS

The primary aim has been
simplicity, so the only controls are
PUSH To TEST and one knob cali-
brated directly in hpe which is
rotated until two light emitting
diodes flash alternately. Before this
critical point is reached, one of
the le.d.s will be on, indicating
whether the transistor under test
is pnp or npn.

The functional diagram is shown
in Fig. 3. The collector and emitter
supply rails of the transistor are
supplied by the complementary
outputs of a dual 556 timer operat-
ing in the astable mode. These two
rails A and B are therefore alter-
nating in relative polarity at some
fixed frequency.

The base current is fed from a
point exactly half way between A
and B via the adjustable resistor
Rs. The junction of R¢ and the col-
lector Vo forms the input to the
non-inverting terminal of a 741
operational amplifier operating
under open-loop conditions to give
a gain in the order of 10° (100,000).
The inverting terminal is held
locked to a reference voltage
which, like the transistor base, is
exac’tly half way between A and B.

The test of an unknown tran-
sistor begins by setting Ry to maxi-
mum resistance, i.e. maximum base
current. Suppose the specimen is
npn. The heavy base current
saturates the transistor when point
A is positive to B causing V¢ to
fall to near the potential at B.
This is negative to Vgep so the 741
output is saturated near the nega-
tive supply rail. The pnp driver is
therefore hard on and the le.d.
(marked nNpN on the front panel)
is illuminated. When point A
switches negative to B, the test
transistor is off but V¢ still remains
negative to Vger so the output con-
ditions remain unchanged, i.e. the
NPN lLe.d. maintains a steady glow.

If the test transistor had been
pnp, the explanation would follow
an identical pattern, except that
Vo would be held positive of Vgze
and the 741 output would saturate
near the positive supply rail turn-
ing the opposite l.e.d. on.

Everyday Electronics, October 1977

{DUAL 555 TIMER IN
ASTABLE MODE)

shmds | [REGULATED l
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Fig. 3. Functional dlagram to iliustrate the working of the Translstor Tester.

The determination of hpe is
simple. The control is advanced
(increasing Rs and lowering the
base current) until V¢ is within a
fraction of a millivolt of Vger. At
this point the op-amp begins to
swing up and down in sympathy
with the timer frequency causing
both l.e.d’s to flash.

The onset of flashing is extremely
sharp because of the very high
open loop gain of the 741.

The value of R¢ is dependant on
the choice of collector current at
which the hrzeg is to be measured.
A value of 2 milliamps is the most
popular figuré used by manufac-
turers and is used here. This means
that Re is calculated to drop half
the voltage at 2 milliamps and
ensures that the flashing always
starts at this constant value of J¢.

The higher the kg, the less base
current is required to produce the
2 milliamp collector current, so the
onset of flashing occurs at a higher
Rs point on the scale.

DETAILED DESCRIPTION

The tester is powered by two
9V PP3 batteries but to maintain
calibration accuracy, a transistor
in conjunction with a Zener diode,
is used to regulate the supply rail
to 12-35V.

The 556 dual timer frequency is
set at about 3Hz by C1/R3 and
C4/R8. The capacitors are
employed to maintain feedback be-
tween the two halves.

The calibration accuracy of the
tester and the precise balance point
between pnp and npn demanded
a considerable degree of thought,

and study of the output swing
versus load current curves of the
556. To simplify the calculations,
the total load current taken by
the unknown transistor TRX and
the base divider chain was
arranged to be a nice round figure
of 10 milliamps. TRX collector
current takes 2 milliamps which
leaves 8 milliamps to flow in the
divider R1/R2. This is more than
ample to supply the fixed half-way
down point for the base feed.

The actual base current drawn
is so small, even under worse case
conditions, that it can safely be
ignored in relation to the 10 milli-
amps total.

A graph of the 556 shows that
with a 10 milliamp load, the output
swings between 0-1 volt of ground
when in the low state and 1-4 volts
from Ve when in the high state.

The voltage swings delivered to
the A and B rails is therefore
(12:35—1-4—0-1)V=10-85V.

Resistor R6 must therefore drop
half this voltage at the critical
2 milliamps. It is calculated at
(5-425V/2mA) which simplifies to
a prefered value of 2-7 kilohms.

Resistor R4 is necessary to pro-
tect the base when VR1 is set to
zero resistance and will therefore
dictate the lowest hpz which can
be measured. The lowest hpr was
chosen to be 5, so allowing for the
Ve Of TRX

R4 = (5-425—0-65)V/0-4mA =
12kQ.

Note that when Io=2mA and heg
=S5, then Iz=0-4mA.

At the other end of the scale,
many transistors have an hyg value
almost reaching three figures so
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may be traced.

Below: Photograph of the underside of the
Iid showing the positions taken up by the
batteries and potentiometer.

Fig. 4. Scale of hge used on the prototype
unit. This is reproduced full size and

VR1 was chosen to be 2 megohm
This gives the smallest base current
of (5-425 — 0-65)V/2-012MQ =
2-37 pA which represents an hre
of (2000/2-37)=843.

These calculations have been
described in some detail as some
readers might prefer a different
hre range, It is fair to point out
at this stage that the scale linearity
is somewhat degraded at the low
end due to the necessary inclusion
of the fixed resistor R4,
Fortunately, linearity errors need
not effect the accuracy of calibra-
tion.

The calculation of the divider
chain R9/VR2/R10 is best carried
out by temporarily ignoring VR2,
The purpose of this divider is to
produce Vgrr which, it may be re-
membered, must be equal to the
half way point of the A and B rails.

Resistor R10 must drop (5:425+
0-1)V=5-525V and R9 drops the
remainder which is (5-425+4+1-4)V
=6-825V. Allowing a comfortable
drain of 1 milliamp, the prefered
values of the 6-8 kilohms and 5-6
kilohms arise for R9 and R8 re-
spectively. The preset, VR2 can
now be inserted in the middle to

allow accurate adjustment of Vzep
> during the initial setting up pro-
% cedure.
Re The output of IC2 feeds the two
2:7ka . g
le.ds via complementary transis-
R} tors TR1 and TR2 which help to
2t REMOVEABLE buffer the currents supplied. Each
e le.d. operates at about 10 milli-
hre amps, set by the current limiting
R4 2k0 VRTIMA o= >—d resistors R13 and R14.
4 ' { T
SK1 \_1
R2
6801 T$K3
st
TR3
o e 8C107 -
(e
R3 R5 R7 e
270k} Rk 12kl C
¥ y
‘ " I‘O Y 8200 jov
g TiL209 —I_-F
ICla IClb
1, x 556 14 x556 Y
1 1 L 8 xn
1 I
7 $0200pF IO%?OpF 7 e
T
+ -
=1 ‘ 3 o
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General view of the completed Transistor Tester.i

DERIVATION OF FORMULA

Vis = 10:85V, so the voltage
across the base resistors R4 and
VR1 is Vis/2—Vw=4-775V. The
base current is therefore given by
I, = 4-7T75V/(R4 + VR1)0.

At any setting of VRI, hwm: =
I/I, = 2mA/(4-775/R4 + VR1)
=2mA/(4-775/12kQ + VR1). ¥
VRl is in kilohms, then this
simplifies to hex = (24 + 2VR1)/
4-775 = 5-025 + 0-419VRI1.

ie.

hre==5 + 0-42 VRI

g
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Better Than Books

For many years | read, studied and
enjoyed the articles in your magazine. |
have built many of the projects given in the
magazines and have gained a lot of
knowledge. As | would like to do a little
radio servicing as a hobby, | bought a
number of books on the subject—at least
a dozen, but to no avail. | just could not
get the hang of transistor radios although
I did a lot of servicing on valve jobs.

The recent series of articles on Fault
Finding by Douglas Vere, is the best | have
come across—ftar better than all the books
put together. After studying the first two
parts, | tackled a small amplifier that was
not working and found the fault.

Therefore 1 would like to thank and
congratulate your magazine and the writer
of the article on the wonderful job you have

done.
F. G. W, Botha,
S. Africa.

Lo

Add-On Modification

| am interested in building the Add-On
Capacitance Unit featured in the Septem-
ber issue of EverypAy ELecTronNics but do
not wish to use it with my multimeter.
Instead | want to connect it to a 6 micro-
amp meter | have to make a self contained
capacitance meter. Could you please
suggest any modifications to be made.
W. L. Reid,
Dublin.

I/t is not our usual practice to give modifl-
cations to published designs but in view of
the fact that such a piece of equipment js
very useful to the constructor, and not all
constructors may possess a multimeter, but
may have such a meter or one Jess than 50
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microamps at hand we are pleased to assist.
The unit is designed to operate when
connected to a multimeter set to 50 micro-
amps d.c. Therefore to use a 6 microamp
meter needs the diversion of 44 microamps
when connected to the unit. This is ac-
complished by putting a resistance in
parallel with your meter equal to 6/44ths of
the internal resistance of your meter, and
re-numbering the scale to read 0 to 50.

Answering Machine

Have you at anytime published an
article on how to make a Telephone
Answering Machine. | am trying to obtain
the necessary details so that | can make
my own machine.

S. Johnson,
Surrey.

To install a telephone answering machine
it is necessary to select one from a reputable
manufacturer who will rent one to you. Once
selected you must inform the Post Office of
your choice. They will then tell you if the
machine selected is suitable to connect to
the Post Office system. Alternatively the Post
Office will send you a list of manufacturers
which have their approval. You are not
allowed to build andfor install your own
machine. -

Vicious Video

It is perhaps a sobering thought that
amusement arcades dotted across the
country are now knee deep in video games.
Now video games are quite harmless in
themselves but some of the variations
may cause concern among people. Upon
visiting one of these arcades myself, !
noticed some rather disturbing games,
some involving tanks to eliminate bat-
talions of troops, or photocell rifles to
shoot down video jet planes.

One particularly nasty variation involved
a car to be steered towards pedestrians
crossing the track. A "hit” is indicated by
an electronic "scream”. The pedestrian
is replaced by a tombstone. The score
counter is incremented and the game
continues.

I am not particularly given to psychology,
but it may well be that this kind of violence,
portrayed for fun, may have long term,
rather disturbing implications.

There are plenty of video games that
portray fun without violence; one such
game involving steering a car around a
tortuous track. Another prime example is
the humble video sport machines.
Remember, familiarity breeds contempt.

C. Stone,
Hull,
N. Humberside.

- 45- TAKE NOTE

Soil Moisture Monitor (June '77)

The circuit diagram, Fig. 1 contains an error; the battery is shown
the wrong way round. However, the wiring diagram of Fig. 2is correct.

Fuzztone (July '77)

in Fig. 2 the input capacitor C1 is shown connected to pin 2 of ICt.
it should of course go to pin 3 as per circuit diagram.

Add-on Capacitance Unit (Sept. '77)

~ The ranges specified are ten times to high and need to be re-labelled.
Range 1: 0 to 0-005:F, Range 2: 0 to 0-05.F, Range 3: 0 to 0-5xF.
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Diode Logic 2
DIODE is a semiconductor gadget
A that predominently allows current to T L2 OUEPUT
flow in one direction only. | say, pre-
dominently because a tiny current will also ? g g
flow in the opposite direction. Take any 0 1 0
small point-contact glass diode (they are 1 1 1

very cheap) and use a multimeter to
measure the resistance across it. Then
reverse the leads to measure the re-
sistance across the other way. What do
you notice? In one direction the reading is
very high, while it is very small in the
other.

Now the multimeter measures re-
sistance by utilising its internal battery
and measuring the current flow. The diode
therefore has allowed a large current to
flow in one direction (small resistance)
and a small current (large resistance) in
the other.

By the way, if the resistance measured
in both directions is very high or very low,
the diode is faulty and should be dis-
carded. The high resistance direction is
commonly better than 1 megohm, while
the low resistance direction is of the order
of 20 to 50 ohms, as measured from a
sample batch of cheap devices.

From this we can draw two important
conclusions: (1) There is always some
resistance in the forward direction, (2)
No diode is of infinite resistance in the
backward direction. Perhaps a third con-
clusion should be pointed out: (3) there is
a range of suitable resistances, depending
upon the application.

Computer Language

A basic circuit of a whole family of com-
puters may be demonstrated quite easily
by only two diodes and one resistor. All
computing and logic circuits process
information that is presented to them in
“bits"”. A bit is usually an electrical signal

90

Fig. 1. Truth table for an ano gate.

that can be in one of two—and only two—
states. A good example is the electric
lamp, which can be on or off.

Scrumpi, @ microprocessor kit regularly
advertised in our sister magazine,
PracTicaL ELECTRONICS, is one example
of a computer that presents its output of
information in exactly that way, by means
of a series of lamps either lit or unlit. in
our experiments for this month a ground-
level voltage is represented by *“0", while
a positive voltage is represented by a “1"".

In the anD gate, an input should be
present at both inputs before an output is
rendered, as per the truth table of Fig. 1, If
either iriput is 0 then the output is 0 also.

Make up-the circuit of Fig. 2 and adjust
the power supply for 4 volts. Temporarily
return both inputs A and B to earth and
measure the output. It will be found to be
approximately 0-6 volts, which for this

Ri: Blav
Tk
o]}
.
INPUTS 02
l_ p———3p- OUTPUT
B c
OV O

Fig. 2. Experimental ano gate.

A connected to earth and connect input B
to the source of 4 volts. Measure the out-
put again and notice how it stays at 0-6
volts. Swapping the two inputs still does
not change the output, hence satisfying
the conditions of the third line of the
truth table.

Finally connect both inputs to the 4 volt
line and measure the output. As you might
have expected by now, the output has
jumped up to 4 volts, the 1 level, and the
circuit has fulfilled the requirements of an
AND gate. A simple application of such.a
circuit might be, ““When the fridge door is
open AND the tray is absent, sound the
alarm,” or, “When the kettle boils anD
the time is after six, ring the bell.”

Surprisingly perhaps, the circuit can be
utilised to do much of the work of sub-
traction despite it's name, as the following
experiment will prove.

Inhibit Experiment

Connect input A to the 4 volt supply
and input B to an audio generator deliver-
ing a square wave 250Hz, 1-5 volts. Notice
that the output from the gate is also
square wave. Now remove input A from
the 4 volt supply and ground it. The output
also ceases. This indicates the so-called
“inhibit" quality of the anp gate, where
one input can be used to stop or inhibit
another.

Install a two-way switch into input A
so that it may be switched rapidly from
ground to 4 volts and back again. Flicking
the switch backwards and forwards very
rapidly will allow the 250Hz from the
generator to appear at the output in
bursts.

The reader may now be in a position to
consider Fig. 3, where two inputs are
shown diagrammatically. Note that there
is an output (bottom) only when the two
inputs are at 1, hence my remark that the
AND gate can do much of the work of
subtraction.

The anD gate is capable of extension,
commonly up to about 7 inputs, but notice
that the inputs cannot be left floating—
they must have either a high (1} or low-(0)

experiment is deemed to be 0. Leave input at each.
|
INPUT. A [
INPUT B
OUTPUT €

Fig. 3. The output is high only when both inputs are high.
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443 Millbrook Road Southampton
S01 OHX Tel(O703) 772501

] DEVELOPMENT
TEACH-IN’78
PACKS
Complete kit of parts for the 5, , 510! iangagal T
Ml Senlee oy A T T
month. Everything for £13-50 )
including Py:st ga';ld VAT. Z‘rfékei"aﬁé’.“JﬁZ’vi«"%‘.' :’Js't":é&nzg'pp:::t'w

Order Early!! any quantlty.

GREENWELD ELEﬂ;Dﬂl'HlT

Koot 50V ceramlc plate capacltors. 5%. 10
of each value 22pF to 1000pF. Total 210,

1977]78 s mrorso
CATALOGUE ™"

B 1 ith 50 KD[OS Polyester capacltorgzgo ea%aol th&se
val Uel

& naw catalaghe wil L 088, 0-18, 0-22, 0-33, 0-474F. 110
discount vouchers! altouether tor £4-75.

Complete range of resistors, - . 100V tyme. 10

ar capacltors, min ype.

capacitors, semiconductors,  gch ail valdes | from 000PF to 10,000pF.
knobs and boxes, etc., all at  Total 130 for £4-4

discount p"ces” on’y 30P + K006 Tantalum bead capacltors. 10 each

15p post. o1 the following; 0-1,0-18, 0°22, 0.3, 0.47,
Tsi18 22/16 %110 4716 10073, Tota) 170 tants
for £14-20.

2 K007 Electrolytic capacltors 25V working,
PC ETCHING KIT MK il smalt physical size. 10 each of these
Now contalns 200 ul ins. copper clad popularvalues: 1,2:2,4-7,10, 22,47, 100uF.
board, 1lb. Ferric Chloride, DALO etfch- Total 70 for £3-50.
:iel'lll"b xl"en, a'brhalslvedtilehanerah:vo {nln:fture
i s, etching dish and instructions. K021 Minlature carbon film 5% resistors,
£4:15 Inc. post and VAT. CR25 or simllar. 10 of each value from 10R
t£o 1M, E12 serles. Total 610 resistors,
- 00,

VERO OFFCUTS

Pack A, All 0-1”
o K022 Extended fange, totat 850 resistors
F:‘éh% Miod from 1R to 10M £8-30.

Pack D, All 0 1”7 plain
Each pack confains 7 or 8 pleces with a K041 Zener diodes, 400mW 5%,. BZY88 etc.
total area of 100 sq. Ins, Each.pack Is £1-45 10 of each value from 27V to 36V, E24
inc, post and VAT, serles. Total 280 for £15-30.

The Famous DENSHI kits

—now even better value

PHILIPS
The kits are suitable both for the beginner to gain a wide practical
m understanding of electronics and for the more experienced to

carry out many advanced experiments not available elsewhere.
Hlustrated is the SR-4ADX kit—over 150 different actual workmg
projects can be built, dismantled and rebuilt any number of times,
plus any circuits of your own design.
Each component is beautifully encapsulated in transparent
plastic, engraved with its electronic symbol. No soldermg is
involved with any kit and yet this fantastic versatility is provided,
The kits are complete in every respect, including educational
- manuals and batteries. NOTHING ELSE NEEDED.
This is the most practical and effective way to learn about
electronics—the kits are also first-class testmg kits for laying-out

and testing new circuits quickly. There is no danger whatsoever

The top sellers for home assembly in A

Add-on kits and spares are available 0o, to increase the scope

Europe —now available in the UK. of each kic if required.

SR-3A—over 100 experiments—radio receivers, transmltters,

NOW— read a" abOUt the Phlllps range Of ampllf'ers, mlCr‘OPhOﬂES, alarms, morse code, electronic birds,
0 5 A T cats, sirens, organs, intercoms, metronomes, photoelectric cell,
qual]ty k|ts for home assembly - mD(erSy ampl]f]ers’ high voltage generator, circuits demonstztmg Amps, Ohms.
Watts, etc., etc, 26-45 COMPLETE
Speakersl etc’ etc Send tOday to ) SR-3JADX—over 105 experiments—similar to SR-BA plus sophis-
SS-[ Dlstrlbutors (Electronlc Components) Ltd’ ticated control panel and solar cell cm:unts. etc 45 COMPLETE
WeSt Road, TOttenham; London N17 ORN SR-4ADX—over 150 experiments—similar to SR-3ADX plus
. . SO S (A S S — S S—— s — Relay and Multi-meter mrcuus—ammeter, voltnlleter, resistance
Please send me, quickly, the new colour catalogue. EEI0H] e R Ty B e aar Ve° - o I
l Name I £41-45 COMPLETE
PRICES INCLUDE VAT, P & P, MANUALS, BATTERIES,
| Address l etc. NOTHING ELSE TO PAY—FANTASTIC VALUE for
MONEY,
oHILIPS I Educational and Trade enquiries welcomed.
I Postcode I Personal callers welcome.
| CHEQUE/P.O.(or |Ip for illustrated literature) to: Dept. EE
SEND -
TODAY! = ELECTRONI-KIT LTD., 20 Bride Lane,
S.S.T Distributors is a member of Ludgate Circus, London, EC4Y 8DX

the Philips Group of Companies. Tel: 353-6430.
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B. BAMBER ELECTRONICS

PLEASE ADD 8% VAT UNLESS OTHERWISE STATED

18V DC RELAYS, 4 pole change-over (double
contacts) (will work from 14-24v OC). Brand
New, boxed. good quaiity, made by AEl 40p
each.

RED LEDs (Min. type) 5 for 70p.

Dept. EE.

VIDICON SCAN COILS (Transistor type, but no

Slider Switches, 2 pole make and break (or can
be used as 1 pole change-over by linking the two
centre pins), 4 for 50p.

Smart Min. Rectangular Push to Make Switches,

black rectangular surround with' white
rectangular button, overall size 12 x 17mm, 3 tor
50p.

A NEW RANGE OF QUALITY BOXES &
INSTRUMENT CASES.
Aluminium Boxes with Lids.

AB10 5y x4 x1y 80p
AB 8 x4 x2 80p
AB14 7 x5 x2f £1.00
AB15 8 x6 x3 £1.30
AB16 10 x7 x3 £1°50
AB17 10 x4 x3 £1-30
AB25 6 x4 x3 £1-00

data) pl with vidicon base £6-50 each.
Brand New. -
FULL RANGE OF BERNARODS/BABANI

ELECTRONICS BOOKS IN STOCK. S.A.€. FOR
LIST.

Vinyl Coated Instrument Cases
Light Blue tops and White lower sections. Very

smart fiinish.

wB1 Sx 2 x2f 60p
wa2 6 x 4} x 1} £1-10
w83 8x5 x2 £1-50
wae4 9x5;x24 £1-80
WBS 11 x8fx3 £2-00
WB6 1 x 74 x 34 £2.25
wB7 12 % 6; x 5¢ £2-80
wB8s3 8 x 5 x 3} £2.00

NEW FOR THE VHF CONSTRUCTOR. A range of
tuned circuits on formers with siugs and screening
cans. F quoted are app and range
can be greatly extended by using varying capacitors in
parallel.

Type S (§in. square. dumpy type).

Type SA 20 to 3MHz (when 33pf fitted in parallel).
Type S8 35 to 50MHz (with link winding).

Type SC 70 to 100MHz {with_link winding).

Type SD 135 to 175MHz {with-link winding)

Type M (Min. §in. square types).

Type MA 13 to 28MHz (when 33pF fitted in parallel).
Type MB 22 to 32MHz (when 33pF fitted in parallel).
Type MC 25 to 35MHz (when 33pF fitted in parallel).
Type MD 38 to 50MH2 (when 33pF fitted in parailel},
Type ME 45 to 60MHz (when 33pF fitted in paratiel}.
Type MF 100 to 200MH2 (without slug) when 0 to 30pF
variable fitted in parallel.

All the above coils available i packs of five only (same
type) at 50p per pack of 5.

SMALL MAINS SUPPRESSORS (small chokes,
ideal for radio, Hi-Fi Inputs, etc.), approx. in.
X 14n., 3 for 50p.

PERSPEX TUNER PANELS (for FM Band 2
tuners) marked 88-108MHz and Channeis 0-70,
clear numbers, rest blacked out, smart modern
appearance, size approx. 8jin x 1}in., 2 for
35p.

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

PLEASE ADD 8% VAT UNLESS OTHERWISE STATED

14 OIL REED RELAYS, 5 to 12V DC, 450 ohm
coil.Designed to work directly from TTL Lo Ic
Single Pole Change over. Contact ratings 28
3W. £1-75 eath.

PLUGS AND SOCKETS

N-Type Plugs 50 ohm, 80p each, 3 for £1-50.
PL259 Plugs (PTFE), brand new, packed with
reducers, 85p or 5 for £3.

S$0239 Sockets (PTFE), brand new (4-hole fixing
type). 50p each or 5 for £2-2§

SOLDER SUCKERS (Plunger type). Standard
Model, £5. Skirted Model £5-50. Spare Nozzles
80p each.

WELLER SOLDERING IRONS

EXPERT. Built-in-spotlight illuminates work.
Pistol grip with fingertip trigger. High efficiency
copper soldering tip.

EXPERT SOLEER GUN 81000 £9-90.

EXPERT SOLDER GUN KIT (spare bits, case,
etc.) £12-90

Spare bl(s Jsp palr.

MAGNETIC DEVICES PROGRAMMERS. Con-
tain 9 fully adjustable cams and 8 change over
micro-switches {rated approx. 1A at 240VAC)
Neads slow-motion motor to drive (not sup-
plied). Ideai for disco lights, sequence switch-
ing, etc. ex equipment £1-50 each.

GARRARD 9V DC MINIATURE MOTORS, Type
318M, 3200 RPM governed, size approx. 1§in.
dia. x 1}in. hl?h with 2mm spindle. Brand New.
80p each or 2 for £1.

QUARTZ-XTAL CONTROLLED CLOCKS, 9 to
12V DC at approx. 3mA required. Dial size
approx. 2", depth of unit approx. 2*. Not in
cases, uunit only, smart modern appearance,
black face with white lettering. 12hr. with
second hand, and red hour and minute hands
(Costs over £40 to produce) £10 each while
stocks last, tested before despatch.

PLASTIC PROJECT BOXES with screw on lids
(in black ABS) with brass inserts.

Type NB1 approx 3in. x 2}in. x 1{in. 40p each.
Type NB2 approx. 33in. x 23in. x f}in. 50p sach.
Type NB3 approx. 4}in. X 3}in. X 1}in. 80p each.

MULLARD 85A2 85V STABILISER VALV%S
(Brand New) 70p each or 2 for £1-20.

TO3 transistor insulator sets, 10 for 50p

BSX20 (VHF Osc/Mult). 3 for 50p.
BC108 (metal can). 4 for 50p.
PBC108 (ptastic BC‘UB) 5 101 50p.
BFY51 Translstors; 4 for 60p
BCY72 Transistors, 4 for 50

PNP audio type TO5 Tvanslstou. 12 for 25p.
BF152 (UHF amp/mixer), 3 for 501
2N3819 Fet., 3 for 80p,

BC148 NPN SILICON 4 tor 50p.
BC158 PNP SILICON, 4 for 50p.
BAY31 Signal Oiodes, 10 for 35p.
BA121 Varicap Olodes, 4 for 50p.

NEW MARKSMAN RANGE OF SOLDERING
1RONS,

S115D 15W 240V £3.80.

S1250 25W 240V £3-80.

S1400 40W 240V £4-20.

S1250K 25W 240V + bits etc., KIT £4.90.

SPECIAL 12V version $125-12 25W 12V £3-80.

BENCH STAND with spring and sponge for

Marksman irons £2-38

Spare bits MT9 (for |SW) 50p, MTS (for 25W) 45p,

MT10 (tor 40W)

ALL PRICES + 8% VAT

TCP2 TEMPERATURE CONTROLLED IRON.

T£e2mpermure controlled iron and PSU. £30 + VAT
- 40).

SPARE TIPS
“Type CC slngle flat, Type K double flat tine tip,
Type P, very tine tip. £1 each + VAT (8p).

A LARGE RANGE OF CAPACITORS AVAILABLE
AT BARGAIN PRICES, S.A.E. FOR. LIST.

MIXED COMPONENT PACKS, containing
resistors, capacitors, pots, etc. new.
Hundreds of items. £2 per pack. while stocks
last

ALU -SOL ALUMINIUM SOLDER (made by

). Solders ai to itself or
copper, brass, stee!, nickel or tinplate. 16 s.w.g.
with multicore flux, with instructions, Approx. 1
metre coil 40p pack. Large reel £2-75.

VARICAP TUNERS Mullard type ELC1043/05.
Brand New, £4:40 + 124%

BARGAIN PACK OF LOW VOLTAGE
ELECTROLYTIC CAPACITORS. Up to 50V
working. Seatronic Manu'scture Approx. 100.
£1-50 per pack + 124% V.,

OSMOR REED RELAY COILS (for reed relays up
to ¢In dia.. not supplied) 12V, 500 ohm coit, 2 for
50p.

We now stock Spiralux Tools for the elac!romc
ivers, Nut . BA and
Metrlc sizes, pop rivet guns, otc. S.A. E forlist,

TWIN |.F. CANS, approx. 1in. X $in. x 1in. high,
around 3- 5—5MHz 2 separate transtormers in 1
can, internally screened, S for 50p + 124% VAT,

Oubilier Electrolytics, 50uF, 450V, 2 for 50p.
Dubilier Electiolytics, 100uF, 275V, 2 for 50p.
Plessey Electrolytics, 470uF, 63V, 3 for 50p.
TCC Elsctrolytics, 1000uF, 30V, 3 for 60p.
Oubilier Electrolytics, 5000uF, 35V, 50p each.
Dubllier Electrolytics, 5000uF, 50V, 60p each.
ITT Electrolytics, 6800uF, 25V, high grade, screw
terminals, with mounting clips, 50p each.

MBST SPARES AVAILABLE. A romoD  hx lvAT Mol ALL
MULTICORE SOLDER TV PLUGS AND SOCKETS

Size 5 Savbit 18 s.w.g. in .alloy dispenser, TV Plugs (metal type), 4 for S0p.

32p + VAT (3p). TV Sockets (metal type), 4 for 50p:

Size C1SAV18 Savbit 18 s.w.g., 56p + VAT (4p). TV Line C (back-to-back L4for

+ Kg. (1-1Ib) 60 x 40, 20 s.w.g. on plastic reel
£3 + VAT (24p).

50p.
Piease add 12{% VAT.

Terms of Business: CASH WITH ORDER. MINIMUM ORDER £2. 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 WELCOME BY APPOINTMENT ONLY

VALVE AMPLIFIER

Build Chris Rogers” SIRAC MK 1 stereo design

We think music sognds better through our valve amplifier, and that transistors now have some real competition.

Starting in October, details on how to con-
struct this outstanding 50 watt per channel
valve amplifier. Also we've arranged for con-
struction kits, components and even the com-
plete valve amplifier to be made available.

BUDGET HI-FI SUPPLEMENT

This month there’s a Hitachi system together
with Eagle’s A4600 amplifier and PRE 38
pre-amplifier reviews.

FIVE YAMAHA CASSETTE DECKS TO BE WON

and twenty pairs of headphones for the win-
ning entries .in this month’s Yamaha competi-
tion — and we test them too.

FREE INSIDE

Guide to hi-fi plugs and connectors — informa-
tion card.

TEN CASSETTE DECKS COMPARED

Gordon King and Fred Judd join forces in
another big cassette deck comparison with
reliability and performance checks — and a
comprehensive ‘panel listening comparison’.

> 0 OUT NOW 35p
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VALVE AERIAL LIKE
s dow | et | | HUNDREDS OF

below. the p'i;':tu;-e and sound, in fringe
- = or difficult areas.

ECCB82, EFB0, EFI83, EFI84, EH90, 4] .

NEW DORAM

PCL85, PCL86, PCLS05, PL504,

PY81/800, PY88, 30PLI4, 6F28, | Bl2—For the older VHF television

PFL200. B‘—Please state channel Inumbel:s.
_ 5—For Mono or colour this

Colour Valves—PL508, PLS509, covers the complete UHF Tele- ;

PL519, PY500/A. All tested. 35p vision band.

each,., All boosters are complete with
e battery with Co-ax plugs &
Aerial Splitters—2 way, 75 sockets. Next to the set fitting.
OHMS, Inside Type, £1-50. £4-20
Prohn Button UHF Tuners—4 Button Transistor—British made—£2-50 IDEAS FREED
each.
o

250,000
CAPACITOR CLEARANCE SALE o~ ’ o ﬂ
All Mullard C280 and C28I range of Polyester film capacitors /
250 and 400 volts working. Very good mixed selection of o o4 ,/‘l. CXNMLT
values from -Oluf to | -5uf. ;
PRICE 100-£1-50, 500-£7-00,
1,000-£12- 00,

All prices include VAT. P&P 30p per order. Please send uncrossed
P.O. or cheques for returning if we are out of stock of capacitor
bargain packs. Exports welcome at cost.

ELEGTRONIG MAILORDER LTD.

62 BRIDGE STREET, RAMSBOTTOM, BURY, LANCS,
TEL: RAMS (070 682) 3036.

CATALOUE

FRN

Doram’s new catalogue is one of the great
events of the electronic year, 64 pages of newideas
in construction kits, capacitors, resistors, semi-
conductors, wires and cables, transformers, plugs
and sockets, hardware, indicators, switches, radio
equipment, tools and test equipment, audio
equipment, books. All top quality and terrific value
because you can depend on Doram.

DQrAM

a radio
amateur. TAKE THE SHORT CUT,

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

IR IR GEN Iy GEE BN GEN GEE BN N0 ENE SN P Bam - -
Yes, please rush my free copy of the new
Doram catalogue. l enclose 20p to cover
postand packing.

Brochure, without obligation to: EEK10 Name

BRITISH NATIONAL RADIO
& ELECTRONICS SCHOOL, =

P.0.Box 156, Jersey, Channe! slands.
NAME

-----------------"&“?

Address

Doram Electronics Ltd., PO Box TR8, E.E. OCT.
Wellington Road Estate, Wellington Bridge, Leeds LS12 2UF

ADDRESS .
(Block caps plasse)
------.----------------.---J

L----_J

1
|
|
1
i
= ] Postto:
1
i
[
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Receivers and Components

71b ASSORTED COMPONENTS £2:95. Small
audio amplifiers. 3 transistors equivalent to
AC128, OCT72, with circuit. 3 for £1. Goods
post paid, List 15p. Refunds on purchase.
Insurance add 10p. J. W. B. Radio, 2 Barn-
field Crescent, Sale, Cheshire M33 INL,

COMPONENTS AND HARDWARE — wide
range of products—all in stock for prompt
despatch. Details 2 x 7p stamps. MAGENTA.
EF9. 61 Newton Leys, Burton on Trent,
Staffs DE15 0DW,

GPO 4 Digit Counter 500 Q 42p. Smali Reed Swliich 10p,
Large 12p, 82 Earphone & Plug 18p. Minlature push to
test switch 18p. Small slide switch DPDT 18p. Croc cllps
Red/Black 7p. Large red L.E.Ds 20p. Loud Slrens 6v
D.C, £1-28. Buzzer Alarms 1iv 65p. Large Malns Neons
25p, Holders 12p, TV Coax plugs 8p. 30v Neons 8p.
Resistors W 10 (1-10M 2p ea. Prices Include VAT. Add
16p Postage.
GRIMSBY ELECTRONICS,

64 Tennyson Road, Cleethorpes, Humberside.
100's of bargains at our Lambert Rd. Components shop
(open Saturdays). List No. 12 10p or S.A.E. DIsconut
for Quantity. Trade Suppiied.

DISCOVER ELECTRONICS. Build twenty
easy projects including; Metal Detector;
Wireless Transmitter; Breathalyser; Minia-
ture Radios; Stethoscope; Lie Detector;
Touch, time switches; Burglar Alarms; etc.
Circuits, plans all for £1:29 including
circuit board. Mail only. Ridley photo/
electronics, Box 62, 111 Rockspark Road,
Uckfield, Sussex.

FREE STORAGE DRAWER-—yours with our
full value component pack. IDEAL FOR
BEGINNERS. Send £3-95. Extra Drawers
49p. Details 2 x 7p stamps. MAGENTA.
EGY9. 61 Newton Leys, Burton on Trent,
Staffs DE15 0DW.

NO LICENCE EXAMS NEEDED

To operate this miniature, solid-state
Transmitter-Receiver Kit. Only £9-75
plus 25p P&P.

‘Brain-Freeze’ 'em with a MINI.
STROBE Kit, pocket-sized ‘lightning
flashes’, vari-speed, for discos and
parties. A mere £4-30 plus 20p P&P.
Experiment with a psychedelic
DREAM LAB, or pick up faint
speech/sounds with the BIG EAR
sound-catcher; ready-made multi-
function modules. £5-00 each plus

20p P&P.
LOTS MORE! Send 20p for lists.
Prices include VAT. (Mail' order
U.K. only).

BOFFIN PROJECTS
4 Cunliffe Road, Stoneleigh
Ewell, Surrey. (E.E.)

TRANSISTOR TESTER. Contains all com-
ponents, drilled case, construction details

and transistor data. KIT-—send £4-95.
BUILT—£5-95. Details 2 x 7p stamps.
MAGENTA. ED9. 61 Newton Leys, Burton
on Trent, Staffs DE15 0DW.
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SMALL ADS

(Telephone 01-261 5918).

The prepaid rate for classified advertilsements
Is 16 pence per word (minimum 12 words), box
number 60p extra, Semi-display setting £4-00
per single column centimetre. All cheques,
postal otders, etc., to be made .payable to
Everyday Electronics and crossed "Lloyds Bank
Ltd.," Treasury notes should always be sent
reglstered post. Advertisements, together wlith
remittance, should be sent to the Classifled
Advertisement Manager, Everyday Electronics,
Room 2337, IPC Magazines Limited, King's
Reach Tower, Stamford St., London, SE1 9LS,

CONDITIONS OF ACCEPTANCE
OF CLASSIFIED ADVERTISEMENTS

1. Advertisements are accepted sublect
to the conditions appearing on our
current advertisement rate card and on
the express understanding that the
Advertiser warrants that the advertise-
mont does not contravene any Act of
Parliament nov ls It an infringement of
the British Code of Advertising
Practice,

2. The publishers reserve the right to
refuse or withd any ad t.

3. Although every care is taken, the
Publishers shail not be liable tor clerical
or printers’ errors or thelr conse-
quences.

TIRRO ELECTRONICS the mail order divi-
sion of RITRO ELECTRONICS UK offers a
wide range of components for the amateur
enthusiast, Large SAE or 20p brings list.
GRENFELL PLACE, MAIDENHEAD,
BERKS. SL6 1HL.

I.C.s., TTL.C/Mos, Linear, Capacitors, Resistors (E12)
8iL./Rectiflers, Dlodes, LED, Thyristors, Zenors, Voltage
Reg, DIL Sockets, Bridge Rectiflers, Potentiometers,
Presets, Triacs, Dlac, Plugs, Sockets, Cable, Vero.
Carefully lected range, I d service,
Same day turn round. S.A.E. List. Suppliers to A.E.R.E.,
U.K.A.E.A., Government Depts, Schoois, Unlversities,
M 1 ers, A p d for trade and amateur.
Join the professionals, Phone by 4 p.m. Goods out 1st
class by5p.m, Try us and prove It}

ORCHARD
ELECTRONICS

Filnt House, High Street, Wallingford, Oxon.
Telephone 0431-35529.

Books and Publications

SIMPLIFIED TV REPAIRS. Full repair
instructions individual British sets £4-50,
request free circuit diagram. Stamp brings
details unique TV publications. Ausee, 76
Church Street, Larkhall, Lanarkshire.

Wanted

SURPLUS?? Turn it Into cash. Phone: 0491
35529 (Oxon).

Service Sheets

SERVICE SHEETS for Radio, Television,
Tape Recorders, Stereo, etc. With free
fault-finding guide, from 50p and s.a.e.
Catalogue 25p and s.a.e. Hamilton Radio,
47 Bohemia Road, St. Leonards, Sussex.

BELL’S TELEVISION SERVICE for service
sheets of Radio, TV etc. 75p plus SAE.
Colour TV Service Manuals on request.
SAE with enquiries to BTS, 190 King's
Road, Harrogate, N. Yorkshire. Tel: 0423
558855.

Educational

COURSES—RADIO AMATEURS EXAMINA-
TION. City and Guilds. Pass this important
examination and obtain your G3 licence,
with an RRC home study course. For
details of this, and other courses (GCE,
professional examinations, etc.), write or
phone: THE RAPID RESULTS COLLEGE,
Dept. JR1, Tuition House, London SWI19
4DS. Tel: 01-947 7272 (Careers Advisory Ser-
vice), or phone for a prospectus only, ring
01-946 1102 (24hr recording service).

Miscellaneous

STYLI, CARTRIDGES & AUDIO LEADS
ETC. For the best at keenest prices send
SAE for free list to: FELSTEAD ELEC.
TRONICS (EE), Longley Lane, Gatley,
Cheadle, Cheshire SK8 4EE.

INSTRUMENT CASES, Loudspeaker
cabinet kits, Teak sleeves for Amplifiers
etc. Post today for free illustrated list to
Curtis Furniture, Junction Road, Totton,
Hants.

DOING IT DIGITALLY? 100 used T.T.L., £4
(90% good). J. BRUERE, 17 Heald Close,
Shawcliough, Rochdale.

INVENTORS. “Profit from Your Invention”.
Sources of Finance and other assistance.
Details: Large S.AE. Delta (EV), 15 St.
Mary Street, Southampton, Hants.

FREE PACK OF COMPONENTS with our
plans for 30 novelty circuits including
touch switch, waa-waa, voltage controlled
oscillator, slaveflash, mixer, radios, ampli-
fiers, etc, etc. Build in minutes from sur-
plus components! Send £1:20 today to
DELOS ELECTRONICS, 76 Ber Street,
Norwich, Norfolk.

RECHARGEABLE BATTERIES

‘AA’ penceli (HP7) £1-26; Sub 'C* £1-29; ‘C’ (HPII)
£2-38; ‘D' (HP2) £2:92; PP3 £4-98. Matching chargers
£5:91 each except PP3 charger £4-99. Charging
holders for 2, 3, 4, 5 or 6 pencells 40p. *C' & ‘D’ size
holders, 4 cell only 55p. Prices include VAT, Add 10%,
post package and insurance orders under £20. 5%, over
£20. SAE for full details plus 75p for ‘Nickel Cadmium
Power® booklet. Mail orders to SANDWELL PLANT
LTD., 20l Monmouth Drive, Sutton Coldfield,
Wast Midlands. Tel 021 354 9764. Callers to T.L.C,,
31 Craven Street, Charing Cross, London W.C.2.

See close-up work with
less eye strain. Light-
weight adjustable head-
band. Powerful ically

P MICROJET WELDER
ATINY FLAME UPTO
5000F/

DS-BRAZES
SOLDERS

Precision toot using combination of
b an d n or

£9.95 ground lenses. Can be worn over normal

gt E: tial industry, Home, Work-
shop, Collecting, Modelling, Jewellery, Watchmakers,
any line work. DE LUXE model with superior quality lens
PLUS hinged lens mount 2x model £9-95 + 75p p&p.
Also Headstrap Focusable Torch with’pocket battery con-
tainer, £8-70 post paid.

301 Crickl

d Lane, Fi

omp. oxyge
micronox. A pencil lead thin flame size, adjustable to
5,000°F, Cuts metals, welds, brazes and solders gold,
silver. Ideal ELECTRICIANS, opticians, dentists, silver-
smiths, modeliing, jewellery, clockmakers, electronic and
computer servicing. Up to 40 minutes use on fuel supplied.
Repl t set o [} but. eylinders £1-98
extra inc. post, only £21:95 + £1-25 p&p. Send £23-20.

Access Accepted, Send Name. Address & No.

JOHN DUDLEY & £O. LTD. (Dept. EEt3), )
hley Road, London, NW2. Tel. 01-458 5917. (Callers welcome)
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; 100 RESISTORS 1!5
#W 6% c/FILM 2:20-2-2M (2 (E12)
10 each of any value
i Send stamped envelope for free sample
C80 CASSETTES 30p  All Cassettes in Plastic Case
090 CASSETTES 45p  with Index and Screwed
Assembly.

All prices Include VAT. Add Postage 10p in £1
Quantity Discounts SALOP!H&EC;I’RONICS,

10 Units 8% 23 WYL 5
50 Units 7% SHREWSBURY.
100 Units 10% Tel. 53208

w8 TREASURE TRACER
. B MK I metar ocator

@ Varicap tuning

@ Britain’s best. selling metal
locator kit; 4,000 sold

@ Weighs only 220z, Fitted with
Faraday shileld

@ Speaker and carphone operation

@ Knocks down to only 17in

@ Prebuilt search coll assembly

@ Thoroughiy professional finlsh

@ As seen on BBC1 and BBC2 TV

® You only need soldering Iron
screwdrlver, pliers and snips

SO @ Five transistor circuit

Send stamped addressed
envelope for leaflet

Eﬂmpleie £1 5.95 Buiit & tested £20-95
Post£1-20-£1-37 VAT (8%) Post£1:20-£1-77 VAT (8%)

MINIKITS ELECTRONICS
$b CLEVELAND ROAD,
LONDON, E18 2AN (Mail order only)

‘BARGAIN BOX for BEGINNERS containin
2 Transistor /| component paneis, | Relay,
‘Rectifier, | earphone insert, | mike insert, 2 diodes:
| buzzer, 3 core cord, | salvaged tool—an ideat
collection_ for experiments: £1-80 inc. VAT and
P.P. 5 digit counter. 10 digits/sec., 24-48v. non-
reset, brand new GPO type 85p inc. Also 3, 4, 5,
6 & 9 core cords many other telephone spares at
give away prices .

Trade enquiries welcome. S.A.E. for lists or

"', B. SUPPLIES
141, Shalmsford St., Near
Canterbury, Kent, CT4 7QZ

Courses

ENAMELLED COPPER WIRE

swg b oz 40z 20z
14-19 2-40 1:20 <69 -50
20-29 2:45 §-60 -82 ‘59
30-34 2-60 §-70 -89 64

35-40 2.85 1-90 1-04 75
Inclusive of p&p and VAT.
E brings Catalogue of copper and resistance
wires in all coverings,
THE SCIENTIFIC WIRE COMPANY
PO Box 30, London E4 9BW
Reg. office 22, Coningsby Gardens.

PLEASE MENTION
EVERYDAY ELECTRONICS

when replying to advertisements

Departmvent of Electrical and
Electronic Engineering
Lecturersin Newcastle Poly's Electrical
and Electronic Engineering department
are regular readers of

Everyday Electronics
Not surprisingly, for they strongly
approve of technological advances be-
ing made available rapidly to the experi-
menter, They algo believe in keeping
those who are interested in touch with
opportunities in this area and are de-
lighted to discuss courses and careers
concerned with application of elec-
tronics.
The department specialises in digital
engineering, computer applications and
electronic communications, and pos-
sesses thirteen well-equipped labora-
tories plus a minicomputer. Full-time
and part-time courses are offered.
Telephone (0632) 26002, ext 371 or
write to L Barnes, Principal Lecturer in
Charge at Ellison Place, Newcastle
upon Tyne NE1 8ST,

Newcastle upon Tyne Polytechnic

product range 34p. Overseas Cus-

DENCO
(CLACTON)
LIMITED

Dept. E.E.

357-8-9 OLD ROAD
CLACTON-ON-SEA
ESSEX CO15 3RH

Our components are
chosen by technical
authors and con-
structors throughout
the world. for their|
performance and re-
Hability, every coil
being inspected twice
plus a final test and
near spot-on alignment.

General Catalogue showing full

tomers 70p, Air-Mail Post Pald.

U.K. & OVERSEAS MANU-
FACTURERS/STOCKISTS
ENQUIRIES WELCOME

Australlan Readers Please Note—
Our Complete Range of Colls are
available from Watkin Wynne Pty.
Ltd.,, 32, Falcon Street, CROWS
NEST, 2065, AUSTRALIA. P.O.
Box 392,

SR

[ [ ELECTRONICS

22 Newland Street, Kettering, Northants.
Mail order, phone Kettering 83922,

All other enquiries Kettering 520910.
Shop open, Monday to Saturday 9.00 to 6.00.
Early closing Thursday 1.00 p.m.

Closed dally for lunch 1.00 to 2.00.

PROBABLY THE LARGEST ALL
ELECTRONICS STORE IN THE
UK WITH 1000's OF SQUARE
FEET DEVOTED TO THE BEST
IN CONSTRUCTIONAL
ELECTRONICS.

~

TEACH-IN ‘78 COMPONENT KIT

Send for the complete set of components for the
Teach-In 78 Series and we'll also send you a

FREE TEACH-IN QUERY COUPON

Send this back to us with details of any querles
or problems you have about the series and our
technical department will do their best to help you out.

95 resistors 4 potentiometers

37 capacitors 26 semiconductors
plus ferrlite, speaker, wires, bulb,
batterles, cable, clips and knobs etc.

everything you're going to need, specially selected
and all in one package........oivvivern...£16:00

Plus all the back-up service you'd expect from the UK's
largest electronic store.
Send sae for full list of kit contents and individual prices.
Telephone orders for Barclaycard & Access. accepted.
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6 Sparhrie mka )

Capacitive discharge
electronic ignition kit

Smoother running

instant all-weather starting
Continual peak performance
Longer coil/battery/plug life
Improved acceleration/top speeds
Optimum fuel consumption

Sparkrite Mk. 2 is a high performance, high quality capacitive discharge,
electronic ignition system in kit form. Tried, tested, proven, reliablie
and complete. It can be assembled in two or three hours and fitted in
15/30 mins.

Because of the superb design of the Sparkrite circuit it completely
eliminates problems of the contact breaker, There is no misfire due to
contact breaker bounce which is eliminated electronically by a pulse
suppression circuit which prevents the unit firing if the points bounce
open at high R.P.M. Contact breaker burn is eliminated by reducing the
current to about 1/50th of the norm. It will perform equally well with
new, old, or even badly pitted points and is not dependent upon the
dwell time of the contact breakers for recharging the system, Sparkrite
incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and, therefore, eliminates the possibility of
blowing the transistors or the SCR. {Most capacitive discharge ignitions
are not completely foolproof in this respect). All kits fit vehicles with
coil/distributor ignition up to 8 cylinders,

THE KIT COMPRISES EVERYTHING NEEDED

Ready drilied pressed steel case coated in matt black epoxy resin, ready
drilled base and heat-sink, top quality S year guaranteed transformer
and components, cables, coil connectors, printed circuit board, nuts,
bolts, silicon grease, full instructions to make the kit negative or
positive earth, and 10 page installation instructions.

OPTIONAL EXTRAS

Electronic/convantional ignition switch,

Gives instant changeover from “Sparkrite” ignition to conventional
ignition for performance comparisons, static timing etc,, and will

also switch the ignition off completely as a securlty device, includes:
switch connectors, mounting bracket and Instructions. Cables excluded,
Also available RPM limiting control for dashboard mounting

(fitted in case on ready built unit),

CALLERS WELCOME. For Crypton tuning and fitting service —
‘phone (0922) 33008,
PRICES INCLUDE VAT, POST AND PACKING.

IMPROVE PERFORMANCE & ECONOMY NOW

Note—Vehlcles with current Impulse tachometers (Smiths code on dlal
RV1) will require a tachometer pulse slave unit. £3-35inc. V.A.T.p&p.

E.D.A, 82 BATH STREET, WALSALL, WS1 3DE.

Quick installation

*

[—— ]

Electronics Design Assoclates, Dept., EE10
82 Bath Street, Walsail, WS1 3DE. Phone: (0822) 33652

NBME ooiiineiininisisannenniteensnensseenn A
Address . I

Mk, 2 DIY Am. Kit ® €1 1.5% ::;E“‘ cheque/PO’s

Cheque No.

MK, 2 Ready Built Negative Earth @ £€14,97

Mk, 2 Ready Bullt Positiva Earth ® £14.97

Ignition Changeover switches @ £4,30

Send SAE if brochure
only.required.

R.P.M, Limit systems in above units @ £2,42

THIS VOUCHER ENTITLES YOU TO
A DISCOUNT OF

ONE POUND

IF YOU PURCHASE A RADIO-ALARM-
CLOCK at £18:50 Incl. VAT + £1- 45 P & P & Ins.
from—

D. & b. POWER SUPPLY CO. LTD.
79 LOWFIELD STREET
DARTFORD, KENT

£l
OFF

Please see advertisement on page 50 for details
This offer Is valid only until 30th SEPTEMBER, 1977

[ TEACH-IN ’78

NEW SERIES—complete kit or separate parts—IN STOCK NOW
for FAST DELIVERY. All top quality components as specified
by Everyday Electronics in this issue. Our kit comes complete with
FREE COMPONENT IDENTIFICATION CHART. Follow this
educational serles and learn about electronics—start today-—
SEND £1395 for the complete kit—sent by FIRST CLASS POST—
or send 2 x 7p stamps for full detalls and price list, plus a FREE
copy of our COMPONENTS ANDHARDWARE CATALOGUE.
Catalogue sent with all orders. MAGENTA, (Dept. A, Teach-In 78)
61 Newton Leys, Burton on Trent, Staffs. DE15 0DW.

TEACH-IN 78

96

NO
BATTERIES

NO WIRES
ONLY
]

£29-99
PER PAIR

+ VAT 887§
The modern way of inatant 2-way communications. Supplied
with 3-core wire. Just plug into power socket, Ready for
use. Crystal clear communications from room to room.
Range j-mile on_the same mains phase. Onjoff” switch.

Volume control. Useful as Inter-office {ntercom. between
nffice and warehouse in surgery and in homes. P. & P, 87p.

£18-96

+ V.AT. £1-62
Solve your communioa-

tion problems with this
4.Statlon Transistor Intercom system (1 master and 3 Bube),
in robust plastic cabinets for desk or wall mounting. Cnlll
talie/listen from Master to Subs and Bubs to Master. Ideally
suitable for Busincss, 8urgery, Bchools, Hospitals and Office.
Operates on one BV battery. Onjoft switch. Volume control.
Complete with 3 oonnoctlng wires each AAft, A Battery
and_nther accessories. P. & P. 07p.

NEW'! AMERICAN. TYPE CRADLE
TELEPHONE AMPLIFIER

ONLY

£14-956

+ VAT 81:20

Latest transistorised Telephone Amplifier with detached
plug-in speaker, Placing the recelver on to the cradle
activates o switch for Immediate two-way conversation
without holding the handset. Many people con listen at a
time. Increase efficlency In office, shop, workehop, Perfect
for “‘conference’ calls: leaves the user’s hands free to make
notes, consult files, No long waiting, eaves time with long-
distance calls. Onjoff switoh, volume, conversation recording
model at #16-95 + VAT £1.36. P. & P. 87p.

10-day price refund guarantee on all items.

WEST LOXDON DIRECT SUPPLIER (EX1D)
169 XENSIXGTON olllgal_, %ll‘. LONXDON, w8
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VEROBOARD
1 MATRIX COPPER BACKED BOARD
3:75" x 55p
3-75" x3:75" 50p
3-78" x 177 1-98
Spot Face Cutters 74p pkt. 36 pins 36p
Fuil.range incl. ind. board in catalogue

arsS

TOP 400 SEMICONDUCTORS FROM THE LARGEST RANGE IN THE U .K.

EXPRESS M.O. SERVICE BY RETURN POST-all
orders received despatched same day on stock items

15{2N6126  -45 |[BC159 76 |BD116  1-20  BFX84 -35
-1540361 50 BC160  -35 |BD131 ‘51 |BFX85 -35
-15| 40362 -55 |[BC161  -35 |[BD132 -54 | BFX87  -30
-16(40363 1-30 BC167 -12 |BDI3S -37/BFX88 30
18| 40406 -60 BC168  -12 (BD136 -37/BFX89 1-25
13| 40407 52 BC169  -12 |[BD137 -38|BFY50 25
-15 40408 75 /BC170  -18 |[BD138  -38(BFY51 -25
-16 40409 75 |BC171 16 |BD139 -40

-16 (40410 -75|BC172  -14 |DB140 40 [BFY53
1-20(40411 2-85 BC177 -20 |BD239 -40|{BFY90 1-20
2-30| 40594 -80 | BC178 -20 | BD240 -45 BRY39 -50
2-45 (40595 -90 BC179  -23 |BD241 -45/BSX20  -33
2-55|40673 75 |BC182 11 |BD242 50 | BSX21 -32
3-00| AC126 -45 BC182L -14 |BD243 -60|BO105 1-40
1-45/ AC127 -45|BC183 11 |BD244 .65/B0205 2-20
2-00| AC128  -45 |[BC183L -14 |BD245 -65{MEQ402 -20
2-90| AC151V -40 BC184 ‘12 | BD246 -66| MEQ404 15
2-90| AC152V -50 [BC184L -14 |BD529 -45/MEO412 -20
3-10| AC153 -55 |BC207 ‘16 ’30530 »50|ME4102 10
3-10| AC153K -55 |BC208 ‘16 |BDY20 1-00| ME4104 -10
3:50| AC176  -50 [BC212 14 |gFqq5 .38/ MJ481 155
-20| AC176K -65 |BC212L 17 |gRyp] 55/MJ490 1-35
‘36| AC187K -60 |[BC213  -14 |23 55/ MJ491 1-85
-38| AC188K 60 Bgz}de :g BF152 Hj%%i% 1§§
-80| AD161 1-00 |[BC2' . .
21/aDI62 1:00 |B8C1eL 17 BRS2 1B MJESTO 58
-22| AF106 55 |BC237 14| .
67|AF109 75 |BC238 12 BEISY  (33|muEszo a5
‘55| AF124 65 |[BC239 ‘15 REqeq 60| MJE521 .65
-20| AF125 -gs 38251 16 | BF 166 .40 msggggi gg
5| AF126 65 BC253 - .
20| AF139 69 |BC257A -17 | BE1S 33ImPs111 35
17/AF186 50 |BC258A 17 BT178 25| MP8112 40
‘18| AF200 120 |BC2598 18 | DE17T 22/ MP8113 45
A7/AF239 65 |BC261A -24 |pr 7 25| MPF102 -39
‘20| AF240 1-14 |BC262B 24 3 MPSA05 -25
-65(AF279 80 |BC263C -30 |BF180 33 MPS A0S -25
15| AF280 -85 |BC300 40 g;}g‘ gg MPSA12 -40
-50(BC107 15 [BC301 40 BF18§ 40| MPSASs5 .25
'$5/BC108 15 |BC303  -50 | gris? (33| MPSAs6 25
-10/BC109 15 |BC307 15 2F '3 |MPSUOS -50
'60|BC113  -20/BC308 15 | BT 2/ MPSUGS -56
-70|BC115 20 BC309C ‘15 94 MPSU55 -55
-75/BC116  -19 |[BC317  -14 |BF195 15 MPSU56 -60
-90{BC116A -20 |[BC318  -13 |BF196 15/ TIP29A  -45
-34/BC117  -22 |BC327  -20 |BF197 17/ TIP29C 60
-40/BC118  -20 |[BC328  -19 |BF198 18| TIP30A 49
-40{BC119  -30 ([BC337  -19 |BF200 35/ TIP30C  -65
-40(BC121  -45 ([BC336  -21 |BF2254  -25 T|p31A 50
-40/BC132  -30 [BC547  -12 BF244 35| TIP31C  -66
-15{BC134 20 |BC548  -12 BF245 40/ TIP32A  -55
-15{BC135 20 BC549  -13 BF246 15| TIP32C 75
-19{BC136 19 |BCY30 1-00 BF254 24/ TIP33A -80
-321BC137 20 |BCY31 1-00 BF255 24/ TIP33C 1-10
-33| BC140 35 BCY32 1-00 BF257 37| TIP34dA -90
-29(BC141 40 [BCY33 1-00 | BF258 45| TIP34C 1-20
‘34(BC142 30 |BCY34 1-00 |BF259 49| TIP35A 2-50
-38|BC143  -30 |BCY38 2-00 |BF459 50 | TIP36A 2-80
60(BC147 12 |[BCY42  -60 | BFR39 TIP41A -70
-45/BC148 12 |BCY58 25 |BFS21A 2-60 TIP41C 90
-42/BC149  -14 [BCYS9 -25 |BFS28 TIP42A -80
-50{BC153  -27 (BCY70  -25 |[BFS61 30 | TIP42C 1-00
-38/BC154  -27 |[BCY71  -26 |BFS98 30 TIP2955 -65
-41/BC157  -14 |BCY72  -24 |BFX29 35| TIP3055 -55§
-43/BC158  -14 |BD115  -80 | BFX30 -35/TIS43 43
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LOW POWER
SCHOTTKY

7440 21
7441 03
7442 76
7445 35

7450 29
7451 21
7453 21
7454 21

CD40000 24
CD40010-24
CD40020- 24
CD40061-34
CD40070-24
CD40081-10
CD40090-64
CD40100-64
CD40110-24
CD40120-24
| CD40130-60
| CD40141 15
CD40151-15
| CD40160-64
! CD40171-15

SOLDERING EQUIP.MENT
Antex Irons Mod "'C"* 15 watt £3-40
Stand £1-40 Mod x 25 25 watt £3-40
Spare tips & elements avallable
Muiticore solder dispenser
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CD40181- CD40410-96 2

{ CD40190-70 | CD40420-96 | CD40601-27
CD40201-27 | CD40431-15 | CD40631-25
CD40211-15 | CD40441-05 | CD40660-80
CD40221-10 | CD40451-59 | CD40674-25
CD40230-24 | CD40461-52 | CD40680-25

| CD40240-84 | CD40471-15 .
CD40250-24 | CD40490-64 | CD40700-65
CD40270-64 | CD40500-64 | CD40710-25
CD40281-02 | CD40511-06 | CD40720-25
€D40291-30 | CD40521-06 | CD40730-25
CD40300-64 | CD40531-06 | CD40750-26
CD40312-53 | CD40541-32 | CD40761-17
CD40351-34 | CD40551-50 | CD40770-66
CD40371-10 | CD40561:50 | CD40780-25
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SWITCHES
SPST 60p
SPDT 66p
DPDT 7

DPDT C/oﬁ 8op
As above but micro

SPST50p SPDTS55p DPDT 60p

Full range of rocker, silde and ro!ary
swltches always in stock.

'WE ALSO STOCK MOST|
COMPONENTS FOR E.E.
*PROJECTS* |

BFY52 '30 | CA3030A LM3900 '75

A. MARSHALL (LONDON) LTD. DEPT. E.|

E.
LONDON—40-42 Cricklewood Broadway, NW2 3ET

Tel. 01-452 0161 Telex 21492

GLASGOW-—85 West Regent Street, G2 2QD

BRISTOL—1 Stralts Parade, FIshponds Rd. BS16 2LX

halls

3!

INTEGRATED CIRCUITS

[CA3020 2-00|LM748-8 -55  TAAS5702-30
CA3020A LM748N 55/ TAAG611B

2-29| LM1800 1-76 1-85

CA30288 LM1808 1-92| TAA6212:15
1-29|LM1826 1'75 TAA6B1A

CA3028A LM3301N - 1-50
1.08 LM3302N1'40 TAA661B

CA3030 1-35|LM3401 1-50

TAAT003-91

2-00|LM3905 1-60 TAA930A
CA3045 1-40|LM3909 -63| 1-30
CA3046 -89{MC1035 1-75| TAA930B
CA3048 2-23(MC1303 1-03 1:30
CA3049 1-80 MC1304 1'40]TAD1001-95
CA3050 2-42/MC1305 1-40/ TBA120 -75
CA3052 1-62(MC1310 1:91 TBA400 2-00
CA3080 -75|MC1327 1-54| TBA500 2-21
CA3080A MC1330 1-00| TBAS500Q

1-88/MC1350 -90 2-30
CA3086 -60|MC1351 1-20| TBA510 2-21
| CA3088 1-79/MC1352 1-10| TBA510Q
| CA3089 2-52/ MC1458 1-91 2:30
CA3090 4-00/NES55 -40| TBAS520 2-29
CA3130 -98|NE556 1-10 TBA520Q
LM301A -67|NE565 1-30 2-30
LM301N -40/NE566 1-65 TBAS530 1-98
LM304 2-45/NE567 1-80 TBASSOQ

LM307N 65| SAS560 2:50 |

LM308C 1-82[SAS570 2-50| TBAS40 2 21
LM308N -85|S042 1-25| TBA540Q
LM309K 1-85|76001N 1:30 2:30
LM317K 3-00|76003N 2-20 | TBAS550 3-13
LM318N 2-26/76008K 1-50 | TBAS550Q
LM323K 646/ 76013N 150 3-22
LM339N 1-40|76013ND 1-30 TBAS560Q
LM348N 1-50|76018K 1-50 3-22
LM360N 2-75/76023N_ 1-45 TBAS570 1-29
LM370N 2-50|76023ND 1-26 TBA57OQ
LM371N 1-70|76033N 2-20 1-3
LM372N 1-70|76110N -18 TBA641B
LM373N 2-80|76115N 51 270
LM374N 3-10,76116N 66| TBAG51 2-20
LM377N 1-75|76131N 1-20( TBA700 1-52
LM378N §'25 76226N 56 | TBA700Q

95/ 76227N
LM380-8 -90,76228N
LM380N -98|76530N
LM381A 2-45]76532N
LM381N 1-60|76533N
LM382N 1-25|76544N
LM384N 1-45/76545N 1-65 TBAS0O 1:25
LM386N  -80| 76546N 44 TBAB101-25
LM387N 1-05 76550N  -35 TBA820 1-25
LM388N -90/76552N  -52| TBA920 2-90

1-61
'41 TBA720Q

2-3
'40 TBAT750 1-
-20 TBATS0Q
44 2-07

- s ..-..........N

LM389N 1-00|76570N 1-65 | TBA920Q
LM702C -75/78620N - 2-99
LM709C -65|76650N 1'10 TBA9401 62
LM709N -40(76660N -6 | TCA160C
LM710C -60|76666N 92 1-85
LM710N 60| TAA320A TCA160B
LM723C -85 1-00 161
LM723N 75! TA350A 2-48| TCA270 2-25
LM741C -85 | TAA5211-00| TCA280A

LM741N  -40 | TAA5221-90| 1:30
LM741.8 -40 TAAS550 -60/ TCA290A
LM747N - TAA5601-75 313

74160 1-41
74161 1-44
74162 1-41

-
pry
>
&
-
rs
=
=
=
—
e

74182 1
74167 3:70 | 74184 2
74174 1-52 | 74185 2
74175 1-35 | 74188 2-
. 3

1

1

1.
1.
117
74176 1-23 | 74189 74197 117
74180 1'77’74190 74198  2-93
74181 3:70 | 74191 74199 2-93

CD40810-25 | T4LS02 0-24 | 74LS1381-27
CD40820-25 | 74LS04 0-27 | 74LS1511-13
CD40850-81 | 74LS08 0-24 | 74LS1571-17
CD40860-81 | 74LS10 0-24 | 74LS1601 40
CD40891-77 | 74LS13 0-65 | 74LS1611-50
C€D40930-91 | 74LS32 0-25 | 74151621 50
CD40942-13 | 74LS42 1-01 | 74L51621-50
CD40951-19 | 74LS74 0-48 | 74LS1631-50
CD40961-19 | 74LS75 0-60 | 74LS164]-52
CD45102:00 | 74LS76 0-40 | 74LS1732.35
CD45112-30 | 74LS85 1-45 | 74LS1741 20
CD45162-00 | 74LS86 0-48 | 74LS1755-20
CD45182-00 | 74LS90 1-00 | 74LS
C045202-00 | 74LS92 6-90 |

74LSO00 0-24 | 74LS107 -44

CAPACITORS
Ceraml&SS volt 1pf

0
Polyester C280 250v
-1 5p, —15-22 6p
33 47 10p1uf|7p
Full range of mica Polystyrene, Tanta-
lum, Polycarbonate, and electrolytics
always in stock.

RESISTORS

10R-10Meg -25w 2p each, -5w 3p each
also tw 2w 2-5w 5w 10w + metoxide in
stock. See cataiogue for full details,

Tel. 041-332 4133

Tel. 0272 654201
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OVER 8,000 LINE ITEMS
Plenty of New Products and Ideas

Sp POST PAID (25p to callers)

@ CRYSTALS @ METERS
VA TOOLS

[ 4 LVES [

® CHOKES ® SPRAYS

® KNOBS ® PRESETS

@ CABLES ® NEONS

® CASES HEAT SINKS
® FUSES @ INDICATORS

p= ",' CLOCK

Built and tested—requires only switches
and transformer to complete. 12 or 24hr
alarm modules.

M A1002F 12 hr Sin display £10-90
MA1002H 24hr 5in display £10-90
MA1010E 12hr 84in display £14-50
MA1010G 24hr 84in display £14-50

CAR CLOCK MODULE
MA1003 Built Tested 12V supply and
four-digit module. Crystal controlled
17-00. Data Sheet 5p + S

NATIONWIDE SERVICE

I - 11 DIGITAL

WE STOCK MORE

FROM
NATIONAL
TEXAS
MULLARD
SIEMENS
MOTOROLA
SIGNETICS
RCA, 5GS

MODULES

NATIONAL

DIODES i —

+27 IN4005 0-10
-13  IN4006 0-11
©08  IN4007 0-12

AA116 0-12 BA158 0-38 BYXi0 0
AA118 012 BA159 051 QA47 0
AA119 0-14 BA202 0-09 QA0 0
AA129 0-09 BAX13 007 QA9 0
AAZ17 0-18 BAXI6 0-10 QA95 0
BA100 o0-18 BB103 0-30. QA200 0
BA102 0-18 BB104 0-40 OQAZ202

BA144 0-12 0-30 IN914 o
BA145 018 BY126 0-29 IN916 0
BA154 0-10 BY127 .0-38 IN4001 0
BA155 012 BY182 1-50 IN4002 0
BA156 0-15 BY206 0-20 IN4003 0
BA157 0:29 BY207 0-22 |IN4004 0

OPTO ELECTRONICS

LEDS
Til 209 19p 100 + pes 12p
3mm Red 18p, Green 25p, Yellow 25p
5mm Red 21p, Green 26p, Yellow 25p
MANY MORE TYPES LISTED IN
OUR NEW CATALOGUE—SOLAR
CELLS, LIGHT SWITCHES, etc.
DISPLAYS 7 segment

Single Double Display
DL704 2-00 3-00 -3” Red
DL707  2-00 3-00 -3” Red
DL747 2-50 3-40 5" Red
DL750 2-50 340 -5” Red

74C MOS LOW
74C00 0-26 74C85 1-90
74C02 0-28 74C86 0-68
74C04 0-26 74C90  0-91
74C08  0-26 74C107 1-30
74C10  0-28 74C151 2-62 &
74C20 0-26 74C157 235
74C30 0-26 74C160 1-18
74C32 0-26 74C161 1-18
74C42  0-92 74C162 1-18
2-30 74C163 1-18
0-58 74C164 1-04 8 pin
0:6% 74C173 0-95 14 pin
0-58 74C174 0-95 16 pin

TRIACS plastic pack 400V

6 Amp 0-70 16 Amp 110
8 Amp 0-75 20 Amp 1-70
12 Amp 0-85 25 Amp 2-00

VOLTAGE REGULATORS
500mA T0202 Positive S, 12, 15, 24v1-10
500mA T0202 Negative 5, 12, 15, 24v 1:05
1 Amp TO220 Positive 5, 12, 15, 24v 1:55
1 Amp T0O220 Negative 5, 12, 15, 24v 2-00

PL.
DIN 2 pln Ioudsneaker 10p 7p 10p

3,4,5.6,7p p
COAX Standard T V. 10p 10p 30p
PHONO Red, Bl.,, Wh.,

r. Yel 1 Tp 10p
JACK 1" mono plastic |Sp 20p 20p
1” mono screened 25p — 30p
1” stereo plastic 25p 25p 25p
1" stereo screened 35p — 45p
3-5m standard 10p 12p 10p
2-55m standard 10p 10p —

MAINS USA 2 pin flat 15p 45p 15p

THYRISTORS Plastic C106 118
4A 100V 0-35 BA 100V 0-43 12A 100V -57
4A 200V 0-40 BA 200V 0-49 12A 200V -65
4A 400V 0-49 BA 400V 0-62 12A 400V 81

Full range of Opto devices
In our New Catalogue

PROFILE

SKT
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A _ : ELECTRONIC ORGAN
{ THE NEW GRAPHIC EQUALISER

The only organ you can build in slages and
tailor to your-requirements as you go

along—and at each stage you'll have a fully
working instrument! We haven't got the
gimmlcks (yet—they’re coming soon), but'we
have got the most beautiful sounds—you
won't find them on any organ less than twice
our price. So get our MES50 series leaflets
now! 65p buys the three available so far.

_This revolutionary new design with no complicated colls to wind.
Construction details 60p and all parts available from us.

Send S.A.E. now for complete components schedule.

Fun')" %t;nched and printed metaiwork and-woodwork also
available.

Play fascinating games NOW

We stock an excellent range of
tools especially for the elec-
tronics enthusiast. From miniature
wiring tools to multimeters in-
cluding soldering irons and
desoldering toois, screwdrivers,
cutters, pliers, sirippers,
miniature electric drills for
p.c.b.’s, transistor tester etc.
Fut! details on catalogue pages
167 to 176.

A completely self-contained pedai
unit. 13-note, 2-octave range,

4 organ stops. It can be added to
any organ! A really unusual extra
is the bass guitar stop which uses
four envelope shapers to give a
real bass guitar sound. A must for
the solo guitarist. Full construction
details in our catalogue—post the
coupon below now!

on your own t.v. in your own
fiving room. The kids will think
it's magic when the scores pop
up on the screen. Lay your bets—
—anyone could win—with Maplin’s
prices everyone can win.
Complete kit to play four games-
only £24-50. Add 35p for copy of
construction details. See our
August newsletter for detalis
of rifle kit.

POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE
PRICE 60p

Please rush me a copy of your 216 page catalogue by return of post.

I enclose 60p, but understand that if | am not completely satisfied | may
return the catalogue to you within 14 days and have my 60p refunded
immediately.

NAME

ADDRESS




