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LOOK! Here's how you
master electronics.
....the practical way.

1 Build an
oscilloscope.

As the first stage of your training. you
actually build your own Cathode ray
oscilloscope! This is no toy, but a test
instrument that you will need not only
for the course's practical experiments, but
also later if you decide to develop your
knowledge and enter the profession. It
remains your property and represents a
very large saving over buying a similar
piece of essential equipment.

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.

2 Read,draw and
understand
circuit diagrams.

I n a short time you will be able to
read and draw circuit diagrams, under-
stand the very fundamentals of television,
radio, computors and countless other
electronic devices and their servicing
Procedures.
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3 Carryout over
40 experiments
on basic circuits.

We show you how to conduct
experiments on a wide variety of different
circuits and turn the information gained
into a working knowledge of testing,
servicing and maintaining all types of
electronic equipment, radio, t.v etc.

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.

IMM MINN MINI =MI 111 MEM
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.
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Now even better, even more powerfu
The unique wrist calculator.

A wrist calculator -the ultimate in
common-sense portable calculating power.
Goes where you go, ready for action at a flick
of your wrist.

By virtue of its size, a wrist calculator is
different to a pocket calculator. And now this wrist -
machine has another difference.It has even more power than
some much larger pocket calculators!

And what's more, because it's a -kit, supplied to you direct
from the manufacture; it costs just £9.95 (plus 8% VAT,P&P).
And for that you get a calculator with extra power, and all the
satisfaction of building it yourself!

Put real calculating power up your sleeve.
The Science of Cambridge wrist calculator gives you the

full range of arithmetic functions uses ordinary
algebraic logic, which means you enter calculations as you would
write them.It has a % key, the convenience functions, -/-x, lix, x2
and a full 5 -function memory.

And incredibly, it has a clear -last -entry key, pi, brackets,
and -4 .It even has an automatic linear metric conversion
function!

Very few ordinary calculators have the same functions for
the same sort of money.

Now 10 keys can do the work of 32.
All those functions, from just 10 keys? In such a small

calculator? The secret lies in the special four -level keyboard.
Each level has a different set of functions. Simpleptwo-way
switching system allows you to select any keyboard level quickly
and easily. Each set of functions is carefully grouped, to let you
whisk through calculations with the minimum of switching.

And the answers come up bright and elm; too. The display
uses 8 full-size red LED digits.It has wide-angle magnification,
and is easily visible under any light conditions.

More battery power, too!
With the Science of Cambridge wrist-calculato;

you'll get up to 30 hours use between battery changes (that's a
lot of calculating!).
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Assembling the Science of Cambridge
wrist calculator.

The wrist calculator comes as finished components,
ready for assembly. All you need is two or three hours, and a fine -
tip soldering iron.

If anything goes wrong, we'll replace damaged components
free. We want you to enjoy building the kit, and to end up with a
valuable, useful, powerful calculator.

Contents.
Acrylic/ABS case and display window parts.Two-part

stitched strap and spring bar dips.PCB.Special direct -
drive chip (no interface chip required). Display.

Keyboard components. Batteries.

Each of the 34 components
is contained in a plastic box;

and neatly shrink-wrapped,
accompanied by full instructions for
assembling and using the calculator.
All components are fully guaranteed.

The wrist calculator kit
is available only direct from
Science of Cambridge.If, for any

KIT
ONLY9 9 5

Plus VAT, P&P

reason, you're not completely satisfied with
your wrist calculator; return it to us within10 days
for a full cash refund. Send the coupon today!

I"

Science
of Cambridge Ltd.
(Previously Sinclair Instrument Ltd)

6 Kings Parade, Cambridge, Cambs. CB2 1SN.

To: Science of Cambridge I.td.,6 Kings Parade, Cambridge,
Cambs.CB2 1SN.
*Please send me (qty) Science of Cambridge
wrist calculators kits,at £9.95 plus 80p Vat and 25p P&P
(total £11) each.
Overseas orders may be subject to postal surcharge .
*1 enclose cheque/PO/money order for £

NAME

ADDRESS

EE

*Complete as appropriate (please print)
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TUNE/NV Pa* wow or

Give your friends a warm welcome
Here's the Chroma-Chime-a perfect example
of British scientific achievement brought right
to your own front door. Now-you can be
among the first enthusiasts in the world to
build your own electronic musical door
chime-a door chime with no moving parts.
There are 24 of the world's favourite and best
known tunes pre-programmed onto the
microcomputer chip so that all you have to do
is to set the Chroma Chime's built-in selector
switches to a code to index the "tune of the
day" from the repertoire:

G reensleeves
God Save the Queen
Rule Britannia'
Land of Hope and Glory
Oh Come All Ye Faithful
Oranges and Lemons
Westminster Chimes'
Sailor's Hornpipe

Beethoven's "Fate Krackmg"
The Marselllaise
Mozart
Wedding March
Cook House Door
The Stars &Stripes'
Beethoven's Ode to Joy
William Tell Overture

Soldier's Chorus
Twmkle,Twinkle Lone Star
Great Gate of Kiev
Maryland
Deutschland uber Alles
Bach
Colonel Bogie
The Loralhe

'These tunes play longer .1 the push button is kept pressed.

Since everything is done by precise mathe-
matics, it cannot play the notes out of tune.

The unit has comprehensive built-in controls so that you
can not only select the 'tune of the day' but the volume,
tempo and envelope decay rate to change the sound
according to taste.

Not only visitors to the front door will be amazed, if you
like you can connect an additional push button fora back
door which plays a different tune!

This kit has been carefully prepared so that practically
anyone capable of neat soldering will have complete success
in building it.The kit manual contains step by step construc-
tional details together with a fault finding guide, circuit
description, installation details and operational instructions
all well illustrated with numerous figures and diagrams.
 Handsome purpose built ABS cabinet
 Easy to build and install
 Uses Texas Instruments TMS1000 microcomputer
 Absolutely all parts supplied including I.C.socket
 Ready drilled and legended PCB included
 Comprehensive kit manual with full circuit details
 No previous microcomputer experience necessary
 All programming permanently retained is on chip ROM
 Can be built in about 3 hours!
 Runsoff 2 PP3 type batteries.
 Fully Guaranteed
The CHROMA-CHIME is exclusively designed by

CICOMATROMIC:
River Way, Harlow, Essex.
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Please send
including V
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Name

01%n -chime
Ae/g4r

gtmendevuocalletetilfruce

EMIOWN

RONICS, River Way, Harlow, Essex, U.K.

 Chrome -Chime Kits at £18.00 each
Tand post and packing
E BLOCK CAPITALS

Address

I enclose cheque/PO value £
or debit my ACCESS/BARCLAYCARD account No.

Signature

I
I
1

1

1

I
I
I
I
I

N. B. The CHROMA-CHIME is also available, fully
assembled, price £24.95 incVATand post and packing.
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Start the New Year well by buying
this famous
Component
Catalogue!

 The finest components
catalogue yet published.

 Over 200 A -4 -size pages.
 About 5,000 items clearly

listed and indexed.
 Nearly 2,000 illustrations.
 Bargain List sent free.
 At Et -40, incl. p. & p., the

catalogue is a bargain.

Send the coupon below now.
HOME RADIO (Components) LTD.,
Dept. PW., 234-240 London Road,
Mitcham, Surrey CR4 3HD

O . Please write your Name and Address in block capitals

444

.4".e,h. I
`e ADDRESS
C,2 15 I

 4-
-(4'

s HOME RA010 (Components) LTD..
co. a I 234.240 London Road, Mitcham. Surrey
ek.

NAME

Dept. EE
CR4 3140 London 912968)

TECHNICAL TRAINING
IN ELECTRONICS AND

TELECOMMUNICATIONS
ICS can provide the technical knowledge that is so essential to your success:knowledge that will enab, you to take advantage of the many oppOrtunitiesopen to you. Study in your own home, in your own time and at your ownpace and if you are studying for an examination ICS guarantee coaching
until you are successful.

City and Guilds Certificates:
Telecommunications Technicians
Radio, TV, Electronics Technicians
Technical Communications
Radio Servicing Theory
Radio Amateurs
Electrical Installation Work
MPT Radio Communications Certificate

Diploma Courses:
Colour TV Servicing
Electronic Engineering and Maintenance
Computer Engineering and Programming
Radio, TV, Audio Engineering and Servicing
Electrical Engineering, Installation
and Contracting

POST OR PHONE TODAN FOR FREE BOOKLET

II idi i'Cie To: International Correspondence
i Ma Schools i

IDept 268:41Intertext House, London I SW8 4UJ or telephone 622 9911 I Subject of Interest
i Name
II Address M

Tel Age'

SpuNarila
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
Spark rite Mk. 2 is a high performance, high quality capacitive discharge,
electronic ignition system in kit form. Tried, tested, proven, reliable
and complete. It can be assembled in two or three hours and fitted in15/30 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 eliminatesthe
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 drilled pressed steel case coated in matt black epoxy resin, ready
drilled base and heat -sink, top quality 5 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/conventional 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 security 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 109221 33008
PRICES INCLUDE VAT, POST AND PACKING.

IMPROVE PERFORMANCE & ECONOMY NOW
Note-Vehicles with current impulse tachometers (Smiths code on dial
RV1) will require a tachometer pulse slave unit. £3-35 Inc. V.A.T. p & p.

E.D.A. 82 BATH STREET, WALSALL, WS1 3DE.

posill.r"--oppy! atikkieste//etion

-.re NAM
ftwoke modiffeet4a

requirea'

Electronics Design Associates, Dept., EE 12
82 Bath Street, Walsall, WS1 3DE. Phone: (0922) 336:11
Name

Address

Mk. 2 Di Y A. Kit CP £11.80 ouzums
Mk. 2 Ready Built Negative Earth @ E14.97

Mk. 2 Ready Built Positive Earth 16 E14.97

Ignition Changeover switch.. as £4.30

R.P.M, Limit systems in above units Co £2.42

I enclose cheque/PO's
fore

Cheque No.

Send SAE if brochure
only, required.

Everyday Electronics, February 1978 251



131-PAK GREAT SPACE
THYRISTORS

No. THYIA/50 1 Arno. 50 volt TO5 18p
No. THY14/403 1 Amp. 400 volt T05 32p
No. THY34/50 3 Amp. 50 volt T064 25p
No. THY3A/200 3 Amp. 200 volt T064 32p
No. THY34/400 3 Arrfp. 400 volt T064 40p
No. THY54/50 5 Amp. 50 volt TOSS 26p
No. THY5A/400 5 Amp. 400 volt 2066 40p
No. THY5A/600 5 Amp. 600 volt TOSS 50p
No. C106/4 6 Amp. 400 volt T0220 42p

TRIAC
584 8 Amp. 400 volt T0220 Plastic

MIC

(Norr isolated Tab)

n00
DIACS

80p

15p
15p

SWITCHES
No, 16178 5 x Mains Slide Switches
No, Si 7 5 x Miniature Slide Switches
No. S18 4 x Standard Slide Switches
No, S19 4 x Miniature Push to Make

single hole mounting
No. S20 3 x Miniature Push to Break

single hole mounting
No. 521 Push button Switch Pak

4 x Assorted types multi
bank and singles
Latching and non -Latching

40p
40p.
40p.

40

40

f1.00

CAPACITOR PAKS

% 16202 18 Electrolytics
16201 18 Electrolytics 4.7uF - 10pF

lOyF - 100s.rF
16203 18 Electrolytics 100pF - 680pF

Alt 3 at SPECIAL PRICE of £1.20.
16160 24 Ceramic Caps 22pF-82pF
16161 24 Ceramic Caps 100pF -390pF
16162 24 Ceramic Caps 470pF - 3300
16163 21 Ceramic Caps 4700pF - 0.047pF

All 4 at SPECIAL PRICE of £1.60

0

O

NE PONY" MISS OUR SPEC/AL CASSETTE OFFER/ LOOK AT OUR sowes
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RESISTOR PAKS
Order No
16213 60i W
16214 604W
16215 60,4W
16216 604W

100 ohm - 820 ohm
1K .8.2K
10K -82K
100K 820K

All 4 et SPECIAL PRICE of £1.60.
. 16217 404W. 100 ohm - 820 ohm

16218 404W. 1W - 8.2K
16219 404W. 1K - 8.2K
16220 404W. 100K -820K

All 4 et SPECIAL PRICE of £1.60.

TRANSISTOR FALL -OUT
PACK, GERM, SILICON,

POWER, NPN, PNP.
ALL MIXED. YOURS TO

SORT AND TEST.
Approx. 500 Pieces.

Order No. S23
£1.25 per pack.

WE NEED
TRANSISTORS

BRAND NEW - FULLY GUARANTEED

THE SPACE
SPECIAL. OFFLV

Type Price Type ' Price Type Price Type Price Type Price
AC107 25p BC177 12p BFI94 :9pp TIP32ATp32B 34p 2N1613 15p
AC126 14p BC178 12p BF195 935p 25171/ 15p
AC127 16p BC179 12p BF196 12p TIP32C 36p 251893 28p
AC128 16p BC182 .9p BF197 12p TIP41A 34p 2N2218 15p
AC128K 249 BC182L .913 BF200 25p T1P41/3 35p 2522184 18p
AC176 16p 50183 .9p BFX29 22p TIP41C 36p 252219 15pAC176K 24p BC183L .9p BFX84 18p TIP42A 36p 2N2219A 18p
AC187 16p BC184 9p BFY50 12p TIP42B 37p 252221 15p
AC187K 26p 13C184.1. -'Bp BFY51 12p TIP42C 38p 2N22214 16p
AC188 16p BC212 010p BFY52 12p TIP2955 65p 252222 15p
AC188K 26p BC212L 10P TIP3055 42p 2522224 16p
ADIS], BC213 10p MPS405 22p ZTX107 6p 2142369 10p
162 MP 80p BC213L 10p MPS406 22P ZTX108 6p 2142904 14p
AF139 30p BC214 10p MPSA55 22p ZTX109 67p 2529044 15p
AF239 30p BC2 I 4L 10p MPS456 22p ZTX300 7p 252905 14p
BC107 6p BC251 10p OC44 12p ZTX301 7p 2N29054 15p
8C108 6p BCY70 12p 0C45 12p ZTX302 .9p 252906 12p
8C109 6p BCY71 12p 0071 9p ZIX500 Elp 2N29064 1bpBCti8 10p BCY72 12p 0072 12p ZTX501 .10p 252907 12p
BC147 8p BD115 40p 0075 lop ZTX502 12p 2529074 13p
8C148 8p 80131 35p 0081 14p 25696 10p 2N29260 8p8C149 8p 80132 37p 21,1697 10p 252926Y 7p
BC154 16p 8F115 17p TIP29A 35p 2N706 7p 253053 12p
BC157 9p BF.167 19p 111298 36p 2N7064 8p 253055 35p
BC158 '9p BF173 20p TIP29C 38P 25708 8p 253702 .7p
BC159 .9p BF180 25p TIP304 36P 251302 12p 2N3703 .7p
BC169C 10p 81181 25p TIP3OB 37p 251303 15p 2N3704 f3p
BC170 6p 8F182 25p TIP30C 38P 251304 15p 253903 11p
8C171 6p BF183 25p TI1314 32p 251307 18p 2N3904 11p
BC172 13p 8E184 25p TIP31B 33p 251308 22p 253905 11p
80173 7p BF185 25p TIP31C 34p 251309 22p 253906 11p

DIODES
Type Price Type Price Type Price Type Price Type Price
44119 5p BAX161 BY216 30p 0485 7p $44 3p44213 4p 04202 5p BY217 28p 0490 6p
BA100 fip BY218 28p 0491 7p N5400 10p
84115 5p BY100 15p BY219 28p 0495 7p N5401 11p
BA144 5p BY127 10p N5402 12p
BA148 10p BYZ10 32p 0447 5p 1N34 5p 55404 13p
BA173 10p BYZ I 1 32p 0A70 5p IN60 6p N5406 16p
BAX13 BYZ12 32p 0479 7p 11,4914 4p N5407 17p
04200 5p BY713 30p 0481 7p /N4148 4p N5408 19p

LINEAR I.C.'s
TBA800 12 pin OIL 75p U4711C TO99 25p U4748 1099 28p
TBA810 12 pin OIL £1.00 04703 TO99 (Plastic) 20p 72558 (Dual /4817099 45p
TBA820 14 pin QIL 80p 741P Spin OIL 18p MC13101 14 pin DIL £1.25
LM380 14pin DIL 80p 72741 14 pin OIL 20p 76115 14 pin GIL £1.25
LM381 14 pin DIL £1.35 U4741C 1099 20p NE555 8 pin DIL 32p72709 14 pin DIL 28p 72747 14 pin OIL 55p NE556 14 pin OIL 60pU4709 1099 28p 7481 8 pin DIL 28p S14144 10 pin £1.80

UNTESTED
SEMICONDUCTOR PAKS

Code No's shown below are giver; as a guide to the
type of device. The devices themselves are normally

nmarked.
No. 16130 100 Germ. Gold bonded diodes

like 0447 40p
No. 16131 150 Germ. Point contact diodes

like 0470:81 409
No. 16132 100 200mA Sil. diodes like

04200 40p
No. 16133 150 75mA Sil. Fast switching

diode like IN4148 40p
No. 16134 50 750mA Sil. top hat Sects. 40p
No. 16135 20 3 amp Sit. stud Rect. 40p
No. 16136 50 400mw Zeners D.0.7 case 40p

-No. 16137 30 NPN Plastic trans. like
BC107/8 40p

No. 16138 30 PNP Plastic trans. like
BC177/8 40p.

No. 16139 25 NPN trans. like 25697/
2N1711T039 40p

No. 16140 25 PNP trans. like 2N2905 T039 40p
No. 16141 30 NPN trans. like 2N706 TO18 40p
No. 16143 30 NPN Plastic trans. like 2N3906 40p.
No. 16144 30 PNP Plastic trans like 2N3905 409.
No. 16145 30 PNP Germ. trans. like 0071 40p
No. 16147 10 NPN to 3 Power trans. like

253055 80p

I.C. SOCKET PAKS
No. 566 11 x 8 pin DIL Sockets
No 567 10 x 14 pin OIL Sockets
No. S68 9 x 16 pin OIL Sockets
No. S69 4 x 24 pin DIL Sockets
No. 570 3 x 28 pin DIL Sockets

£1.00
£1.00
£1.00
£1.00
£1.00

TRANSISTOR SOCKETS
No. 571 15 x TO18 Sockets £1.00
No 577 10 x TO5 Sockets £1.00

MOUNTING PADS
\o. 673 50 Mixec Transistor Pads

TO18 and TOS 40p

TRANSISTOR HEATSINK PAK
20 Assorted types. T01, T05, 7018.1092

Our Mix
Order No. S75 60p

TRANSISTOR INSULATING KITS
Mica washers and bushes assorted types i.e. T0220.
1066. T03 etc. Approx. 100 pieces. (Approx. 40
setsl.

Order No 574 SOp

NEW CONSIGNMENT ZN 414 RADIO CHIP 75p*

VOLTAGE REGULATORS
Positive
No. MVR7805 p47805 T0220
No.MVR7812 p57812 10220
No.MVR7815 pA7815 10220
No. MVR7618 pA7818 T0220
No. MVR7824 pA7824 70220
Negative
No.MVR7905
No. MVR7912
No.MVR7915
No_MVR7918
NoMVR7924

m47905
A/47912
047915
p47918
p47924

10220
TO220
20220
20220
TO220

04723C T099 38p 72723 14 pin Oil
LM309K T03 £1.20

85p
85p
85p
85p
85p

£1.10
£1.10
£1.10
£1.10
£1.10

38p

D'aplays
No_ 1510
No. 1511
No. S53

707 LED Display 70p each
747 LED Display £1.50 each
DL33 Triple 7 Segment LED
Display Character height .11 -
Common Cathode 12 pin DIL

309 each

OPTOELECTRONICS
2nd QUALITY LED PAKS

No. 1507 10 x LED's Assorted

LED CLIPS
No. 1508/.125 .125
No. 1508/.2 .2

75p

5 for 12p
5 for 15p

DARLINGTON POWER
TRANSISTORS

70 watt 8 amp NPN and PNP in plastic case 199
High Voltage (TyP. 80V). High gain. 10 pieces
5 NPN and 5 PNP. Data Sheet supplied.

Order No. 578 £1.00 per Pak

LED
No. S51
No. S52
No. 1502
No. 1505
No. 1503
No. 1506
No. S82

Red TIL209 (5 x 50p
Red FLV117 (5 x.2-1 60p
Green .125- 18p each
Green' 2"' 18p each
Yellovd.125" 18p each
Yellow .2" 18p each
Clear .2" (illuminating red) 12p

SPECIAL REDUCTIONS
No. 1514 NORP 12 45p each
No. S76 OCP71 5 for £1.00
No. S83.5, NIXIE Tubes ITT 5870 ST £2.00

(including Data)
No. S77 Neon Indicator Lamps 230V A.0

State Colour (Red. Amber and
Green.) 25p each

NKT301
NKT302
NKT303
NKT304

MATCHED PAIRS OF
PNP GERMANIUM

MED. POWER TRANS
2 amp 750rnW

VCE VC8 HFE
40 60 30-100 35p per pair
40 60 50-150 35p per pair
20 30 30-100 25P Per Pair
20 30 50-150 25p per pair

MICROPHONES
DYNAMIC DUAL IMPEDANCE UNI

DIRECTIONAL CARDIOID MICROPHONE
impedance 600 ohms and 50K. Response 50-

14,000 Hz. Sensitivity 54db at 50K.
Size 14" Die. x 64- Long

Orde No 1328 £7.50.

DYNAMIC CASSETTE MIC
Fitted with On/Off switch. 1 metre of tough lead
with floating 2.5 and 3.5 trim plugs.
impedance 200 ohms. Sensitivity 90db.

Frequency 90-10.000 Hz.
Size 20mm Dia. x 120mm Long
Order No. 1326 £1.15.

D.I.V. PRINTED CIRCUIT KIT
Contains 6 pieces of copper laminate board.
box of etchant powder. measure. tweezers.
marker pen, high quality pump drill. Stanley
knife and blades and 6 in. metal rule.

Full easy to follow instructions.
Order No. S64 Sale Price £5.50

MAMMOTH I.C. PAK
Approx. 200 Pieces. Assorted fall -out inte-
grated circuits. including: Logic. 74 series.
Linear. Audio and D.T.L Many coded devices.
hot some unmarked - you to identify.

Order No. 16223 £1.00

No. S55

No. 556

No. S57

Nu. S58

ZENER PAKS
20 mixed values 400mW Zener

diodes 3-10V
20 mixed values 400mW Zener

diodes 11-33V
10 mixed values IW Zener

diodes 3-10V
10 mixed valises 1W Zener

diodes 11-33V

£1.00

£1.00

£1.00

£1.00

P.C.B. BOARDS
561 8 pieces 8" x 31" (approx.)

single sided paper
562 4 pieces 8" x 34" (approx.)

single sided fibreglass
S63 3 pieces 7- x 3}- (approx.)

double sided fibreglass

50p

50p

50

POWER SUPPLY
STABILIZER BOARD

Unused ex -equipment stabilizer (oard. Input
30V. D.C. Output 20V. Complete with
circuit diagram.

Order No. 581 £1.25

UNIJUNCTION TRANSISTORS
UT46 TIS43 20p

FET's
N3819 15p 255458 18p

ETCH RESIST PENS
Order No. 1609 SOp each

P.O. RELAYS
S85 -2 014 Post Office relays 40p

SOLDER
5m of 18 sw Multicore Solder_
Order No. S60 60p

BATTERY HOLDERS
to take 6 x HP7's

Order No 202 10p each

2 AMP. BRIDGE RECTIFIERS
Metal Stud MOunting

No. S45 50V (KBS 0051
No. 546 100V IKBS 01)
No. S47 200V (K8S 02)

28p
30p
34p

10 AMP. BRIDGE RECTIFIERS 200V
ON HEATSINK-

SPECIAL CLEARANCE ORDER NO. 522 £1.00
SILICON RECTIFIERS G.E. 1 Amp.

LOGIC PROBE
A pocket size instrument capable of detecting T.T.L.
D.T.L Flip Flop and other pulse circuits. It is easy
to use and operates from the 5V. D.C. supply of the
circuit under test. The logic levels are indicated by
2 red LED's one for High and the other for Low.
There is also a green LED for the Pulse Mode of the
unit.

No. S59 Our Special Pries £15.95.

LC. INSERTION
EXTRACTION TOOL
Order No. 2015 30p

EX. G.P.O. MICROSWITCHES
Order No. S51 4 for SOp

CABLE CLIPS
S84 -50 2.5rnm round single pin fixing 309

SIMILAR 1144000 SERIES
No. 541 25 Like IN4001 tlA 50V)
No. S42 20 Like 154002 OA/100V)
No. S43 18 Like IN4003 11A/200V)
No. S44 15 Like1144004114/400V)

60P
130p
60p
60p



SAVING SALE BI-PAK
YOU MAKE THE SAVING!

No. S48
No. 549
No. 550

SILICON RECTIFIERS -
I AMP. G.E.

40 0 50V
30 x 200V
20 x 700V

60p
60p
60p

G.E. HIGH VOLTAGE SILICON
RECTIFIERS

GR559 10mA 14KV (14,000) 20p each
GA432 1 AMP. 2 KV (2,000) 20p each
F D2.5 2S KV Voltage Doubler 20p each

POTENTIOMETERS
Slider 40mm TRAVEL
Order No.
16191 6 x 470 Ohm LIN Single 40p.
524 6 a 1 K UN Single 40P.
S25 6 x 5 K UN Single 40p
16192 6 x 10 K LIN Single 40p'
526 6 x 10 K LOG Single 40p
16193 6 x 22 K LIN Single 40p
16195 6 x 47 K LOG Single 40p
16194 6 x 47 K LIN Single 40p
S27 6 x 100 K LIN Single 4/3p
S28 6 x 100 K LOG Single 40p
S29 6 x 500 K LOG Single 40p'

Slider 60mm TRAVEL
S30 6 x2.5 K LOG Single 40p
S31 6 010 K UN Single 4.0p
S32 6 x 50 K LIN Single 443p*

S33 6 x 250 K LOG Single 40p*
534 4 x 5 K LOG Dual 40p
535 4 x 10 K LIN Dual 40p*
S36 4 0 100 K LOG Dual 40P.
S37 4 x 1.3 MEG LOG Dual 40p

S38 MIXED SLIDER POTS - VARIOUS
VALUES AND SIZES - OUR MIX

ONLY £1.00.
539 6 x CHROME SLIDER KNOBS 40p.

WIRE WOUND
A range of wirewound single gang outs.
Tracks of 1 watt rating.

Order No.
1891
1893
1896
1897

Value
10 ohms
47 ohms

470 ohms
1K

Order No
1894
1895
1898
1899

with linear

Value
100 ohms
220 ohms

2K2
4K7

NOW 35p..each
16173 15 Rotary Potentiometers_ Assorted values and

types. 40p
16186 25 Pre-sets Assorted Values and types 40p

SALE PRICE 40p

MULTI -TURN PRE-SETS
S40 3 a 100 K LIN ONLY 50P*

TYPE

7400
7401
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412
7413
7416
7417
7420
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7440
7441
7442
1443
7444
7445
7446
7447

74 SERIES TTL ICs
QUANTITY TYPE QUANTITY

1 100 1 100
fp EP fp

0.09 0.08 7448 0.70 0.68
0.11 0.10 7450 0.12 0.10
0.11 0.10 7451 0.12 0.10
0.11 0.10 7453 0.12 0.10
0.11 0.10 7454 0.12 0.10
0.11 0.10 7460 0.12 0.10
0.28 0.25 7470 0.24 0.23
0.28 0.25 7472 0.20 0.19
0.12 0.11 7473 0.26 0.22
0.12 0.11 7474 0.24 0.23
0_09 0.08 7475 0.44 0.40
0.22 0.20 7476 0.26 025
0.22 0.20 7480 0.45 0.42
0.26 0.25 7481 0.90 0.88
0.28 0.25 7482 0.75 0.73
0.26 0.25 7483 0.88 0.82
0.11 0.10 7484 0.85 0.80
0.19 0.18 7485 1.10 1.00
0.21 0.20 7486 0.28 0.26
0.25 0.23 7489 2.70 2.50
0.25 0.23 /490 0.38 0.32
0.25 0.23 7491 0.65 0.62
0.36 0.34 7492 0.43 0.35
0.12 0.10 7493 0.38 0.35
0.20 0.19 7494 0.70 0.68
0.38 0.36 7495 0.60 0.58
0.26 0.25 7496 0.70 0.68
0.26 0.25 74100 0.95 0.90
0.12 0.10 74104 0.40 0.35
0.60 0.57 74105 0.30 0.25
0.80 0.70 74107 0.30 0.25
0.95 0.90 74110 0.48 0.45
0.95 0.90 74111 0.75 0.72
0.80 0.75 74118 0.85 0.82
0.80 0.75 74119 1.30 1.20
0.70 0.68 74121 0.28 0.26 74199 1.80 t

TYPE QUANTITY
1 100

Op Ep
74122 0.45 0.42
74123 0.65 0.82
74141 0.68 0.65
74145 0.75 0.72
74150 1.10 1.05
74151 0.65 0.60
74153 0.70 0.68
74154 1.20 1.10
74155 0.70 0.68
74156 0.70 0.68
74157 0.70 0.68
74160 0.95 0.85
74161 0.95 0.85
74162 0.95 0.85
74163 0.95 0.85
74164 1.20 1-10
74165 1.20 1.10
74166 1.20 1.10
74174 1.10 1.00
74175 0.85 0.82
74176 1.10 1.00
74177 1-10 1.00
74180 1.10 1.00
74181 1.90 1.80
74182 0.80 0.73
74184 1.50 1.4t,
74190 1.40 1.30
74191 1.40 1.30
74192 1.10 Leo
74193 1.05 1.00
74194 1.05 1.00
74195 0.80 0.75
74196 0.90 0.85
74197 0.90 0.85
74198 1.90 1.80

Devices may he mixed To qualify for quantity price. Data is available
for the above series of ICs in booklet form price 35p.

SPEC/AL OFFER/
COMPONENT PAKS

Order No. Quantity
16164 200 approx. Resistors mixed values.

(Count by Weight)
16165 150 appro. Capacitors mixed values_

(Count by weigntl
16167 80 ;,-W Resistors mixed values
16168 5 pieces Assorted Ferrite rods
16169 2 pieces Tuning gangs MW/LW
1 61 70 50 metres Single strand wire

assorted wire
16171 10 Reed switches
16172 3 Micro switches
16176 20 Assorted electrolytics Trans types
16177 1 pack Assorted hardware nuts bolts etc.
16179 20 Assorted tag strips and panels
16180 15 Assorted control knobs
16184 15 Assorted Fuses 10OrnA -5 amp
16188 60 W resistors mixed values
16187 30 metres stranded wire assorted colours

40p.

40p.
4£3.
40p
40p

40p
40p
40p
40p
40p
40p
40p
40p
40p
40p

PRICE BARGAIN!
LJOrtil (Min. Value)

of Electronic Project Books, Technical. Semi-
conductor Data and Eouivs - Books of
Assorted Titles. OUR CLEARANCE PRICE

Order No. S80 £2 per bundle

AUDIO PLUG AND
SOCKET PAKS

Order No.
SI 5 x 3.5 mm Plastic Jack Plug,
53 5 x 2.5 mm Plastic Jack Plugs
S3 4 x Std. Plastic Jack Plugs
54 2 x Stereo Jack Plugs
S5 5 x 5 Pin 180^ DIN Plugs
56 8 x 2 Pin Loudspeaker Plugs
57 6 x Phono Plugs Plastic
58 5 x 3.5 arm Chassis Sockets (Switched/
59 5 x 2.5 mm Chassis Sockets (Switched)
S10 4 x Metal Std. Chassis Switched

Jack Sockets
511 2 x Stereo Jack Sockets with instruction

leaflet for HiPhone connection.
512 5 x 5 Pin 180° DIN Chassis Sockets
S13 8 x 2 Pin DIN Chassis Sockets
514 6 x Single Phono Sockets

40p*
40p*
50p*
30p.
50p.
50p*
50p*
25p*
25p*

50p.

50p*
40p.
50124

40p.

CMOS ICs
Type Puce Type Price Type Price Type Price
CD4000 £0.14 C04018 £0.85 CD4035 £1.40 CD4056 £1.15
CD4001 £0.16 CD4019 £0.45 CD4037 £0.78 C04069 £0.32
CD4002 £0.16 CD4020 £0.95 CD4040 £0.78 CD4070 £0.32
CD4006 £0.80 CD4O21 £0.85 CD4041 £0.68 CD4071 £0.20
CD4007 £0.17 CD4022 £0.80 CD4042 £0.68 C04072 £0.20
CD4008 £0.80 CD4023 £0.18 C0404.3 £0.78 CD4081 £0.20
C04009 £0.50 CD4024 £0.64 C04044 £0.78 CD4082 £0.20
CD4010 £0.50 CD4025 £0.18 C04045 £1.15 CD4510 £1.10
CD4011 £0.18 CD4026 £1.85 CD4046 £0.95 CD4511 £1.25
CD4012 £0.17 C04027 £0.48 CD4047 £0.75 CD4516 £1 .10
CD4013 £0.42 CD4028 £0.80 CD4049 £0.46 CD4518 £1.10
CD4015 £0.80 CD4-029 £0.95 CD4050 £0.46 CD4520 £1.10
CD4016 £0.42 CD4030 £046 C04054 £0-95
CD4017 £0.80 CD4031 £1.80 CD4055 £1-60

AUDIO MODULE SALE
Type Description
AL30A IOW RMS Power Atop
AL60 25W RMS Power Amp
ALSO 35W RMS Power Amp
AL250 125 W RMS Power Amp
SPM80 35V Power Supply
PS12 20-30V Power Supply for AL30A
PA I 2 Stereo Pre -Amp for AL30A
PA100 Stereo Pre -Amp tor AL60/AL80
5450 Stereo F.M. Tuner
MPA30 Magnetic -Ceramic Pre -Amp
Stereo 30 Complete Audio Chassis

7W  7W RMS

Normal Price Sale Price
£2.95.
£3.55.

-C-6795- £5.95
£46,95° £1445

£3.10.
£1.15.

£6.49- £5.95.
£.1-3,55- £12.45.
£29°45' £18.65
£2-89- £2.55.

£4.6-26" £14.95.

SUPER SOUND
SAVING

METROSOUND,4-..
LOW NOISE
CASSETTES

Order No. S5310 for £2.50.
BIB GROOVE CLEAN

Model 60. Chrome Finish Plastic
Order No. 829 £1.40

HOT OFFER
ANTEX SOLDERING IRONS

Order No. 1931 X25 25 watt_ LOW LEAKAGE
Usually C3.49 SALE PRICE £2.95

PLUS FREE Heatshunt
1948 Model C 15 watt General purpose

Usuallyf..340'SALE PRICE £2.95
PLUS FREE Heatshunt

1939 ST3 Soldering Iron Stand suitable
for either Iron. £1.20

NEW Siren Alarm Module
American Police screamer powered from any
12 volt supply into 4 or 8 ohm speaker.
Ideal for car burglar alarm, freezer break-
down. and other security purposes.

Order No. S15 £3.50

AUDIO LEADS
Order No.
117 A.C. Mains connecting lead for cassette

recorders and radios Teletunken type 45p.
118 5 pin DIN headphone plug to stereo socket 78p.
119 2 x 2 pin plug to inline stereo socket 10r

headphones 60p.
123 20 ft. of coiled guitar lead £1.15.
124 3 pin to 3 pin DIN plug 50p
125 Audio lead 5 pin plug to 5 pin DIN plug 50p.
126 Audio lead 5 pin DIN plug to tinned open ends 50p
127 Audio lead 5 pin DIN plug to 4 phone

plugs 90p*
129 Audio tear! 5 pin plug to 5 pin DIN plug -

Mirror Image 70p.
130 5 metre lead 2 pin DIN plug to 2 pin DIN

inline socket 45p.
132 10 metre lead 2 pin DIN plug 65p -

HEAVY GAUGE
BLACK PLASTIC BOX

With aluminium lid and fixing screws. Size 61- a 31" a 2"
Order No. S16 Only 75p

LOOK & LISTEN
GE 100 NINE CHANNEL

MONO -GRAPHIC EQUALIZER MODULE
The GE100 has nine 1 octave adjustments using integrated
circuit active filters. Boost and Cut limits are ± 12db, Max.
Voltage handling 2 V RMS, T.H.D., 0.5%, input im-
pedance 100 K, output impedance less than 10 K.

Frequency response 20 Hz -20 KHz (3db).
The nine gain controls are centred at 50, 100,
200, 400, 800, 1600, 3,200, 6,400 and
12,800 Hz. The suggested gain controls are
10 K LIN sliders. (Not supplied with the
module). See Paks S31 and 16192.

ONLY £19.50
SG30 Power supply board for GE100 1 5-0-1 5
Volt £4.50
SEND SAE FOR TECHNICAL DATA ON ANY OF THE

AUDIO MODULES.

AVDEL BOND
Cyanocrylate adhesive bonds - plastic,
rubber, transistors, components in seconds.
Order No. 143 55p per 2 gm. phial

ORDERING
Please word your orders exactly
as printed, not forgetting to
include our part number.

VAT
Add 125°o to prices marked"
Add 8% to others excepting
those marked t. These are zero.

I-PAK
Dept. E.E.2. P.O. Box 6, Ware, Herts
COMPONENTS SHOP: 18 BALDOCK

STREET, WARE, HERTS.
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Projects...Theory...

and Popular Features ...

With the festive season just behind us
we now have to face, weatherwise, the
most gloomy and and most treacherous
part of the annual round. The unkind
weather which is synonymous with the
months of January and February is of
particular concern for motorists. This
time of year that generally forgotten
part of the car-the battery-suddenly
zooms large in the minds.

Even if we have not personally
experienced trouble these cold and
damp mornings, doubtless warning
sounds have been heard in the neigh-
bourhood as less fortunate fellows
struggle to induce life into their dor-
mant vehicles. At times such as these
we realise just how everything de-
pends upon that source of electrical
energy.

One way to ensure that the battery
is maintained in good condition ready
to cope with the severe demands of
winter is to avoid unnecessary con-
sumption, at all times. Leaving side
lights and accessories switched on
unintentionally is a common human
failing.

An easy remedy is to install an elec-
tronic "reminder" that will give
instant warning if electrical circuits
are left on when the ignition is
turned off. So this month's article
describing a Car System Alarm has
topical interest for all who drive.

Talking of the wintry scene, there
is in this issue of EVERYDAY ELEC-
TRONICS a cheerful palliative that the
younger generation will appreciate.
Our Chaser Light Display will give the
colour, sparkle and zip that nowadays
is considered an essential accompani-
ment to any performance of pop
music. For use at "home" or "away",
this unit is bound to be a winner.

And now, looking ahead-which is
what most of us do this time of the
year ... There is not just the spring to
think of, to boost our morale. There is
next month's EVERYDAY ELECTRONICS
with a special gift for each reader.
Read more about it on page 287.

It goes without saying that the wise
reader will make certain of his or her
copy by ordering well in advance. Of
course, you are wise, but we must
give this general reminder to alert
those who may take a more casual
view of things. We shall be sorry, but
will not accept any blame if anyone
misses out next month!

Our March issue will be published on Friday, February IT. See page 287 for details.

Readers' Enquiries
We cannot undertake to answer readers' letters requesting modifications,

designs or information on commercial equipment or subjects not published
by us. All letters requiring a personal reply should be accompanied by a
stamped self-addressed envelope.

Telephone enquiries should be limited 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.
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INTRODUCTION
THIS article describes the con-

struction of a simple alarm for
use in the car which alerts the
driver if any circuits are left
switched on when the car has been
parked. Hence it acts as a re-
minder for the driver to prevent
his battery from discharging un-
necessarily.

The unit described gives an
audible and visual alarm when the
ignition is switched off and the
side or headlights or any chosen
accessory is switched on.

The audible alarm can be
silenced when the driver wishes to
park the car with the lights on.
This could be when the car is
parked on a busy but poorly lit
street at night.

The circuit will accept the volt-
age variations produced by the
regulators in the car. The actual
installation in the vehicle is rela-
tively simple and does not disturb
the wiring too much. A word of
advice though. If readers have not
worked on car electrical systems
before, get the help of someone
who has. To thoughtlessly tamper

By P.W. Bond

The completed unit.

with the car electrical system could
render the vehicle disabled, but
what is more important it could
make the car dangerous to drive.

This circuit is intended for nega-
tive earthed vehicles, which covers
the majority of those on the road.
A pcisitive earth version can be
made and a brief outline of how
this is done is given later.
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Fig. 1. A typical car electrical system.

CIRCUIT ACTION
The average car electrical sys-

tem is often seen as mysterious
bundles of coloured wires and con-
nector clips, but the basic circuits
are very simple.

A much simplified circuit taken
from a typical car electrical system
is shown in Fig. 1. The car battery
has a nominal 12 volts between its
terminals, but this varies when it
is being charged and discharged.

To adjust the voltage and current
to the various loads a control box
is connected to the positive ter-
minal of the battery. Hence when
any of the circuits are energised,
current flows from the battery,
through the control box and switch
to the load.

To economise on wiring, the
chassis of the vehicle is connected
to the negative battery terminal,
hence the term "negative earth".
The common return to the battery
is thus made through the car
metalwork.

SWITCHES
When the side or headlight

switch is closed, point X goes to
the battery potential of 12 volts
and the lights illuminate. This
switch is rather unusual since it
has a special wiper which connects
both the side and headlights to
the battery simultaneously when
in the headlight position.

The wiper bridges side and head-
light connections so that they
come on together. Consequently,
when any lights are on the point X
will be at 12 volts. Similarly, when
the accessory is switched on, shown
here as a fog lamp operated by a
switch on the dashboard, the point
Y will rise to 12 volts. And when
the ignition is turned on the point
Z will rise to 12 volts.

In the system chosen for the
project, the load "on" condition
represents the logic "high", and

when the load is switched "off" this
is the logic "low", since the moni-
tor points X, Y, or Z fall to earth
potential. The logic levels at the
monitor points can be analysed by
the alarm unit and under adverse
conditions, with lights or accessory
on and the ignition switched off,
the audible and visual alarm is
produced.

CIRCUIT BOARD
Owing to the relative simplicity

of the circuit the unit was built on

IGNITKIN
SWITCH '

ACCESSORIES ALA RN.
DISABLE

a small piece of stripboard. The
use of an i.c. in the design calls for
some strips to be broken. The size
and layout of the components and
the breaks in the strips are shown
in the diagram in Fig. 3. Note too
that the board is mounted using
two 4BA nuts and bolts through
two holes in the board with rubber
grommets used as spacers. A 3mm
drill can be used for the holes and
this may also be used for the
breaking of the copper strips.
Alternatively, the strips can be
broken using a spot face cutter, a
tool made for this job.

SOLDERING
Mount the components as shown

in the diagram, but remember to
solder in the transistors last. The
integrated circuit is mounted in a
14 pin d.i.l. holder, this is advised
because the static charges from
soldering irons can damage cmos
i.c.s unless special care is taken.
The i.c. should not be put in the
circuit until the unit is ready for
testing, and not removed from its
special foam protector, sooner than
necessary.

The case used was a small metal
one with a black vinyl covered
steel top. These are commercially
available at reasonable cost, so the
actual shaping, and bending of a
piece of aluminium is hardly worth
its bother unless one has special
desire to make one.

HOW IT WORKS

ALARM
CfRCURRY

Normally the voltage from the ignition switch when switched on, is at a
"high" logic level. This condition when applied to the logic circuitry
inhibits the alarm. Basically the logic circuitry is a NOR gate. This means
there is no output when either the ignition or any of the accessories are on.

When the driver leaves his vehicle with the ignition switched off, there
will be no high logic level from the ignition to preventthe alram from coming
on. The circuit thus gives an alarm when any accessories are left on and
with the ignition switched off.

The alarm consists of two gates connected to form an oscillator.
A switch is included to disable the alarm when the vehicle is left but the

accessories, say the sidelights are still required on. Although only two
accessories are shown there can of course be many more.
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CAR SYSTEM ALARM
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Fig. 3. Interwiring details, circuit board component layout and underside of the
stripboard showing breaks in the copper tracks.

COMPONENTS
Resistors

R1

R2
R3
R4
R5
R6
R7
R8
R9

2.21d2
6- 8k1)
15ki2
470kS2
1 MCI

82012
15kC/
1MSI

See

Sho
Talk

page 262

R10 470k0
R11 5-6ki2
R12 470 see text
R13 1000
All < watt carbon ± 10%

Capacitor
C1 1000pF ceramic

Semiconductors
Di 1N914 or similar silicon
D2 1N914 or similar silicon
D3 TIL209 red light emitting

diode
D4 BZY88C12 V 12V 400mW

Zener
CD4001AE cmos Quad
2 -input NAND

TR1 BC108 silicon npn
TR2 BCY72 silicon pnp

Miscellaneous
S1 miniature single -pole

double -throw
[Si miniature loudspeaker

with coil impedance 8to
25 ohms approximately
70mm diameter

Stripboard: 0.1 inch matrix 24
strips by 19 holes; metal case
type WB1 internal dimensions
approximately. 150 x 110 x
40mm ; 5 -way 2A terminal
block;I 4 pin d.i.l. socket for
ICI ; piggy -back push on con-
nectors; 4B A fixings; connect-
ing wire; small rubber grommet
(2 off).

GotoANc
42*o o. 4.4 

ESTIMATED COST
OF COMPONENTS

L350
excluding

case

258 Everyday Electronics, February 1978



CASE MOUNTED
COMPONENTS

The loudspeaker will be fairly
small, only a few centimetres in
diameter, and these generally do
not have any mounting holes. So
it is necessary to glue the loud-
speaker in position, which means
that a grille or covering for it
would be impractical. What is
recommended instead is to draw a
circle where the loudspeaker is to
be, the diameter being about 5mm
smaller than the loudspeaker. Now
the circle is drilled with holes of
about 3mm in diameter, this is in
effect a grille, and allows the sound
to escape through the base of the
unit.

WIRING
The l.e.d. and the switch are

then mounted on the front panel,
using holes of the appropriate size.
Note not to cut the wires of the
l.e.d. since the length of the leads
identifies the electrodes of the
device.

Connecting wires should be left
fairly long because there are
several connections to be made at

Rear view of the unit showing the mounting
car wiring.

the terminal strip located at the
rear of the unit; it was found that
15om long leads were adequate for
this.

The board itself should be
mounted using 6BA nuts and bolts,
but before this is done check the
strips for solder bridging the
copper strips. This is likely to hap-
pen when using a large solder bit
on 0.1 inch matrix stripboard as
used here.

Once the board is fitted in place,
it's a very destructive business
taking it out again, so be sure and
check the wiring thoroughly be-
fore assembly.

Interior view of the unit showing positioning of components.

of the terminal block for connecting to the

VOLUME
Resistor R12 is mounted

separately. This is done to facili-
tate changing the value of this if
the volume level needs altering.
The maximum value should be in
the order of a few hundred ohms.
If the value of the resistor needs
to be increased from that shown,
then replace R12 by a 470 ohm
preset potentiometer. By adjust-
ment of the preset, a suitable
volume level can be found with the
alarm conditions present.

Remove the preset and measure
its resistance. Choose the nearest
preferred value fixed resistor to
be the new R12. Alternatively, try
various values between 47 and 220
ohms until required level is
reached.

TESTING
Before the actual installation of

the alarm in the car it is best to
check the unit, because it's not
always easy to poke and prod
about under the dashboard with a
screwdriver in your right hand and
a copy of EVERYDAY ELECTRONICS
in your left hand.

A battery such as a small radio
can be used to represent the car
battery conditions. Connect the
positive terminal to the battery
connection on the strip at the rear
of the unit, and the negative ter-
minal to the earth connector. Now
connect short lengths of lead from
the terminal strips connectors and
leave bare wire ends.

Put S1 to the DRIVE condition,
and connect the accessory and
light leads to the positive terminal
of the battery, and the ignition
lead is left free.

The alarm should now be ener-
gised indicated by the l.e.d. and
the tone bleeps. When S1 is
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Fig. 2. Complete circuit diagram of the Car System Alarm.

CIRCUIT DESCRIPTION

The practical alarm circuit is
shown in Fig. 2. Voltage is derived
from the car battery with R13 and
D4 stabilising the voltage to the
cmos integrated circuit. The lights
and accessory switches are moni-
tored by the on -gate comprising Dl
and D2;

Although only two circuits are
shown to be monitored, by the
addition of extra diodes several
more can be -monitored. In the
prototype, lights and manually

tlswitched fog lamps were moni-_
ijored, but a facility for monitor-
Fing the heated rear window heater
was added later.

Diodes Dl and D2 are arranged
with a potential divider to feed
NOR gate Gl. The actual arrange
meat is a positive on -gate which
makes the input of GI go high
when the lights or the accessory
or both are at the logic high state.
Gate GI is wired to be an inverter
which in turn feeds G2 which acts
as a NOR gate.

Let's assume that the driver has
parked the car, switched the igni-
tion off and accidentally forgotten
to restore the fight switch to the
off position. The logic gates GI and
G2 deduce that this has occurred
and hence the output of G2 goes
high. This causes TRl to conduct
and D3 lights up. With the switch
in the DRIVE position, the near earth
potential at TRI collector causes
a logic low to be fed to the
enabling gate of the multivibrator.
So oscillation results, the frequency
of which is determined by R9 and
Cl.

In this instance the astable
multivibrator oscillates at about
450Hz. The squarewave output is
fed to TR2 and the loudspeaker so
that the transistor is made to con-
duct on the negative cycles of the
squarewave. The tone is thus
reproduced in the loudspeaker.

PARKING
Now let's suppose that the driver

wishes to leave the car for a short

Vcc

14

4001AE

I 7'

ea
El 2 El thGND

Pin configurations for the CD4001AE.

time but finds it necessary to leave
the sidelights on. To stop the tone
from sounding and causing a
nuisance, Si is thrown into the
PARK condition. This causes the
enabling input of G3 to be high
since it is directly connected to
the output of the on -gate (Dl and
D.2). So, until the driver either re-
stores the light switch or puts the
switch SI back to the DRIVE posi-
tion, the tone is muted; D3 remains
lit to indicate that the alarm con-
ditions are still present.

When the driver returns and
drives away, the alarm must be
restored, but if they forgot to do
this then when the lights and
accessories are finally switched off,
the tone will sound once more.
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Fig. 4. Circuit diagram for use on Positive Earth vehicles.

operated the l.e.d. is still lit, but
the alarm -tone should stop. Now
when the ignition lead is applied to
the positive terminal of the bat-
tery, the l.e.d. should dim, and
the alarm bleep should sound
again. When S1 is restored to the
DRIVE position the tone bleep will
stop and the l.e.d. remains unlit.

INSTALLATION
If the test proves that the unit

works then proceed with the instal-
lation as follows.

Find suitable points in the car
electrical wiring to derive the bat-
tery and earth connections, in the
prototype the light switch pole had
a 12 volts fed to it so that was
used, and a bolt was undone under

the glove compartment to provide
the earth.

Any similar connection to the
bodywork can be used, but after
the bolt is undone for the wire to
be connected to it, restore the ten-
sion in it.

Connect long lengths of coloured
wire to the various parts of the
system which is being monitored
and run the leads neatly to the
area where the unit is to be sited.

Using double connecting tags
(piggy -back connectors) on the
switches solder the coloured wires
to matching connectors and invent
some kind of colour code for
identification. Re -assemble the
switches into the mounting after
ensuring that the electrical connec-
tions are sound.

POSITIONS
ON
TERMINAL
STRIP

Mount the unit as near to the
driver as possible so as not to
make the driver over -reach. The
colour coded wires are then ter-
minated in the unit itself after the
test leads have been removed.

Finally re -test the unit when all
wiring is complete, check for faults
to the car lights and ignition cir-
cuits by starting the vehicle and
operating the circuits which have
been connected to the unit.

POSITIVE EARTH
For readers wishing to use the

unit for positive earthed vehicles,
the circuits to be monitored should
be wired in parallel with small
reed relays and the contacts of
these should be fed to the alarm
unit, according to the wiring
diagram shown in Fig. 4.

The alarm unit should prove to
be a great aid to forgetful drivers,
but it is quite probable that the
unit will never be used once the
habit of checking switches is stuck
in one's mind.
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?,TRONIC SUPPLIES

By Brian Terrell
New products and component

buying for constructional projects.

I T HAS been brought to our attention
I by followers of the Teach -In 78 series
that kits of parts for this series pur-
chased from Bi-Pak contain some
transistors with non-standard pin
configurations. The particular device
in question is the 2N3702.

The standard package for this device
is classified as TO -92 which is a
plastic case with in -line lead -outs,
see Fig. la. This is one of the Texas
Silect range (SILicon EConomy Tran-
sistor).

The types supplied by Bi-Pak have
a TO -18 case, which at first sight
looks identical to the TO -92, but
closer inspection will show that the
lead -outs are sited in a triangular
configuration (called a "pin circle")
as shown in Fig. lb. You will notice
that all the leads have different relative
positions. The device can still be used
to carry out the Teach -In experiments
but the lead -outs will need to be pre-
formed to fit the layouts in the article.

We are in receipt of a photostat
copy of a letter sent to a reader by Bi-
Pak explaining the anomaly in which
they say that they were unaware of
this at the time; now that this has been
brought to their attention readers are
assured that all future kits despatched
will contain the correct transistors.
Also they have told us that they will

b

0 1)3

(o)

0 0

lb;

Fig. 1. Pin arrangements (a) for 2N3702
(b) Bi-Pak 2N3702

e c b

0 0 0

(al (b)
Fig. 2. Pm arrangements for (a) BC184L
(b) BC184

exchange the correct types for the
incorrect ones already sent out.

Bi-Pak kindly sent us a couple of
the incorrect pinning types for test
purposes. We tried them in a couple
of the Teach -In experiments/modules
and they functioned satisfactorily.

New type number
According to Texas literature, a

particular device may be encapsulated
in a different package, case and/or
lead -outs or other, but to avoid con-
fusion a new type number is given to
the device. For example, the 2N3702
having a TO -92 encapsulation, is also
packaged in TO -18, but is given a type
number 2N5447. The electrical para-
meters of the two are identical.

Also, it is not uncommon to find
transistors of the same basic type
number with different pin configura-
tion, but this is usually accompanied
by a different casing. For example,
the BC184 transistor will sometimes
be found in advertisers lists followed
by the letter "L". See Fig. 2a and b for
the lead -out details.

A suffix letter does not always
convey pinning information. The BC108
is available as BC108A, BC108B and
BC108C. All have identical pinning
and case, but differ basically in gain
performance. Generally speaking, A,
B and C suffixes refer to minor dif-
ferences in electrical parameters
whereas K and L are reserved for pin
configuration and case alterations.

This month's constructional
projects

No component buying problems are
envisaged for two of this months
projects, Stereo/Mono Lead Tester and
the Car System Alarm. All compo-
nents should be available from a
number of suppliers.

Almost in this category is the A.C.

Photograph of a completed Leader LPU-
103 Power Supply Unit featuring variable
current limiting.

Meter Converter for only the one per
cent resistors could prove trouble-
some to locate. We have contacted
Maplin Electronic Supplies, P.O. Box 3,
Rayleigh, Essex SS6 8LR who tell us
that they hold stocks of the required
values.

Our biggest project this month is the
Chaser Light Display but only a few
components warrant a mention on
this page. Due to the fact that a printed
circuit board is used in the construc-
tion, it is important that the correct
bridge rectifier is used. The p.c.b.
has been designed to accommodate
the B40C1500 which is a 1.5 amp
device. If an alternative type number is
to be used, ensure that the lead -outs
are as the specified type otherwise
disastrous results will arise.

The specified type is available from
A. Marshall (London) Ltd., Dept. EE,
40-42 Cricklewood Broadway, London,
NW2 3ET and costs 92p including
V.A.T. postage and packing.

The triacs specified are rated at
6 amps 400 volts, but almost any
device with the above rating or higher
can be used. If other types are used,
alternative heatsinks may need to be
obtained. The TIC225D triacs and TV -4
heatsinks are available (four of
each) from A. Marshall Ltd., at the
above address at a total cost of E4.72
including postage, packing and V.A.T.

The "phase" switch S4 calls for a
4 -pole 2 -way rotary type and this may
be difficult to locate. The more com-
mon 4 -pole 3 -way rotary wafer is
recommended. The "third way" should
be ignored.

Kit news
The latest news we have received

from Arrow Electronics is that they
are now marketing an excellent range
of Leader "do-it-yourself" test gear
kits.

One of the good points about these
kits is that they come complete with
a comprehensive instruction manual
enabling the inexperienced constructor
to produce a first class piece of
equipment.

We hope to publish a more de-
tailed report on the Leader kits in
the near future, but further information
and prices can be obtained from
Arrow Electronics Ltd., Leader House,
Coptfold Road, Brentwood, Essex,
CM14 4BN.
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6tcrco/Mono
LEAD

TESTER
By

INTRODUCTION

THE
unit to be described here

was designed with the
guitarist and pop group in mind.
With the number of foot pedals
available as separate units, it is
not uncommon for the guitarist to
use several foot units in series to
obtain certain effects.

This generally means a large
number of leads inter -connecting
the units to the guitar and ampli-
fier. Thus a fault on one or several
of the leads could cause problems
tracking down the fault, as well as
wasting a lot of time. This is un-
desirable especially when playing
to an audience. If every lead could
be rapidly tested before use, then
this situation is less likely to arise.

This design was thus evolved to
enable anyone to find a faulty lead
and, indeed tell precisely what the
fault is. Common faults that arise,
which this unit will find, are as
follows:

1. Open circuit on one or all
wires.

2. Short circuit to any other
wire.

3. Incorrectly wired jack plug.
4. Intermittent faults - usually

found as crackles on the
public address system.

The unit consists of four push to
make switches. One is the battery/
1.e.d. test switch (S4). The other
switches, Si to S3, are for each in-
dividual lead of the stereo lead. In
the case of mono leads, S1 and S2
perform the same function due to
the standard mono jack plug short-
ing out two terminals on the stereo
sockets used.
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HOW IT WORKS...

STEREO LEAD

SHORT
CIRCUIT

The Stereo/Mono Lead Tester is basically a three -position continuity _
checker. When a lead is plugged in and one of the switches is pressed
the I.e.d. corresponding to that switch should light. If it does not then it
would indicate that the lead is open circuit.

If the two I.e.d.s shown (there is actually three) both light together, then
this would indicate a short circuit between those two leads. In practice
the batteries are replaced by one and the l.e.d.s share one side of the
battery supply. The unit may also be used to check intermittent faults.

PRINTED CIRCUIT BOARD
A printed circuit board was

made using a small off -cut from
another project. The p.c.b. was
made on a piece of fibreglass
printed circuit board and etched in
the usual way using ferric chloride.

A tip here is to cut the board to
size, clean it up, place it under-
neath the diagram of the p.c.b.,
line it with the copper side up, and
tap a compass point through the
page to leave a small point on the
surface of the copper in just the
right place. Then draw on the
areas with an etch resist pen, allow
to dry and etch the boards as usual.

The holes are then drilled for
the components (0 .8mm for resis-
tors and diodes, 1.2 mm for pre-
sets and lmm for Veropins). The
components are then mounted on
the p.c.b. as shown in Fig. 2 and
carefully soldered in position. Take
careful note of diode polarity,
usually the cathode end has a black
or white line near it.

WIRING
Finally the wiring to the

switches and the l.e.d.s is com-
pleted following the remainder of
the wiring also shown in Fig. 2.

The box used had dimensions of
115nun X 75mm X 40mm but any
size will do so long as the compo-
nents will fit inside. The size quoted
is about the smallest in which all
the components will fit comfort-
ably. The box was made of a white
thermo-plastic which proved easy
to drill. Layout of the components
is not critical but all the switches
and l.e.d.s must be easy to operate
and see.

It is important to get the wiring
absolutely correct in the unit as a
fault might cause problems later.
It is, therefore, recommended that
a colour code be devised and
rigidly adhered to for each l.e.d./
switch arrangement when wiring
up.

TESTING
The unit when built should be

thoroughly tested using two stereo
jack plugs and six lengths of
coloured wire. The wires are
attached to the plugs and labelled.
Thus, when the two plugs are in-
serted into the unit with all six
ends not connected, the l.e.d.s
should not light except when the
BATTERY TEST Switch S4 is pressed.

Now connect up the six loose
wires by twisting the loose ends
together so that the plugs are cor-
rectly wired. Then test the unit by
pressing the test buttons individu-
ally. The 1.e.d. above each button
should only light and none other.

Components
OW

III* IV -

Resistors
R1, 2, 3 68011 (3 off)

All resistors are carbon 11A/ ± 5%
Potentiometers

VR1, 2, 3 1itS) miniature horizontal presets (3 off)
Semiconductors

D1 TIL209 green light emitting diode
D2 TIL209 yellow light emitting diode
D3 TIL209 red light emitting diode
D4, 5, 6 IN914 silicon diode

Miscellaneous
SK1, 2 standard stereo jack sockets (2 off)
S1-4 push to make, release to break push switches (4 off)
B1 PP3 9V battery
Small plastic box 115mm x75mm x4Omm; four stick on rubber feet;
printed circuit board; battery clip; connecting wire; solder.

See

VaC
page 262
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ESTIMATED COST
OF COMPONENTS

£3.50
excluding

case

TO CIRCUIT BOARD TO 61- ©
Fig. 2a. Interwiring details for the switches, light emitting diodes (I.e.d.$) and stereo Jack
sockets.

Interior view showing the circuit board mounted on
the lid. The positioning of the switches, sockets and
light emitting diodes can be seen.
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Fig. 2b. Printed circuit board component layout
and the underside of the board showing copper
tracks after etching (full size).
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Fig. 1. Circuit diagram of the Stereo/Mono Lead Tester

CIRCUIT DESCRIPTION
The complete circuit for the

Stereo/ Mono Lead
in Fig. 1. The circuit is very simple
and uses three 1.e.d.s to indicate
the state of a lead under test. The
three preset potentiometers VR1
to VR3 are used to control the

Now deliberately cause a fault
by, say, shorting one of the wires
to earth and test the lead again
and note the number of l.e.d.s
which light when a button is
pressed.

The test method for a lead (with

brightness of the l.e.d,s, and to
some degree

tion of the light output.
This was found necessary as

different colours of l.e.d. appear to
give different light outputs-red
being most efficient. Resistors RI

the usual standard jack plugs) is
as follows:

1. Insert both ends of the lead
into the jack sockets provided.

2. Press the BATTERY CHECK
switch ( S4) and note that all
the l.e.d.s light up.

Close-up view of the printed circuit board showing the small preset potentiometers.

to R3 are to prevent the full
battery voltage appearing across
the I.e.d.s and to limit the maxi-
mum current from the battery. In
the prototype values of 200 ohms
were tried, however, it is recom-
mended that these resistors be pre-
ferably 680 ohms.

This means that maximum
brightness and the maximum cur-
rent drain will be reduced. How-
ever, a good l.e.d. should still be
visible in bright daylight but the
battery will now last a lot longer
on full brightness. The adjustment
of the presets will still give good
equalisation of the light output of
the 1.e.d.s.

Diodes D4 to D6 are connected
in such a way as to be forward
biased when S4 is pressed, i.e the
diodes will conduct and the l.e.d.s
will all light up showing that the
battery and l.e.d.s are working.

However, with a lead under test.
when Sl, S2 or S3 is pressed diodes
D4, D5 or D6 will be reverse biased
and, thus non -conducting and effec-
tively isolating the rest of the cir-
cuit from the circuit under test.
Note that the lead under test
carries the current from SKi to a
corresponding contact on SK2 and
thus to the depressed button. This
is true if the lead is not faulty.

If the lead is faulty, then current
may flow through the lead to the
depressed button but the correct
l.e.d will not light-or possibly two
will light, depending on the fault.

3. Press switches S1 to S3
separately and note that the
l.e.d. above the switch pressed
lights. If this is the case, then
the lead is alright. If more
than one l.e.d. lights, or none
light, or the wrong l.e.d. lights,
the lead is faulty and, depend-
ing which l.e.d.s light, a
reasonable idea of what is
wrong can be deduced.

A table of common faults and
their repair could be made and
used for reference at a later date.

Thus, the unit is simple to
operate, quick to indicate faults
and gives a good idea of what is
wrong so that the lead can be fixed
at a later date.

Intermittent faults can be found
by leaving the button( s) de-
pressed and shaking or moving the
lead until an 1.e.d. flashes.
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A Shocking Affair
DON'T just breathe a sigh of relief

that you weren't affected when,
as reported in the national press last
Autumn, three hundred families in a
London council housing estate found
they were without an electrical earth.
For those who did not read the news-
paper report of this literally shocking
event, it went along these lines.

One of the three hundred families
installed a new washing machine, and
immediately got an electric shock
from it. An engineer was called in
under guarantee, and all concerned
have him to thank for checking and
finding that all the earth leads from
all the flats ended up at one big dead
end in the basement, leaving not one
single flat with a hard electrical earth.
This, of course, had left all the resi-
dents at risk of getting a lethal shock
from any piece of equipment with a
supposedly earthed chassis that went
live.

Allegedly, thieves had stripped all
the copper wire and then replaced the
ducting so neatly that no one noticed.

Now I have no way of knowing
whether the earthing wires were ever
installed in the first place, but it brings
other incidents to mind that prompt a
reminder that everyone should at some
time check that their equipment really
is earthed, and not just an illusion.

Years ago in the country I knew of
a schoolteacher who was getting
shocks off the metal earth ducting of
his house wiring. It emerged that the
metal earth ducting was all electrically
isolated from earth, and thus a potent
tial death trap.

Only a few months ago I attended a
press show in a large London cinema
for which special equipment had been
brought into the projection box. Every
now and again I noticed switch clicks
on the sound track,- and afterwards
asked why this was. The visiting

By ADRIAN HOPE

engineer told how he had found that
there wasn't a proper "hard" earth for
the projection box!

Bear in mind the kind of current
needed to run a cinema projection
box (hundreds of amps for the pro-
jector arcs), and you have an idea of
how astonishing that situation was.

And was it an isolated case? I doubt
it. Recently I attended another press
show at a small modern London
cinema, and there again switch clicks
were frequently to be heard over the
sound track.

So check for your own interest and
safety that all your earth leads really
do lead to earth, not just to thin air.
To check, connect a resistance meter
or a simple torch bulb and battery
continuity tester between the EARTH
pin of a wall socket and the kitchen
cold water supply. This should show
a short circuit-if it doesn't, find out
why.

If in doubt call in your local electricity
board.

Magnetic Driver
The shape of things to come?

Recently, at one of the Philips Elec-
trical factories on the Continent, I

was astonished to see a driverless
truck pulling a pallet of packing cases
round the factory floor and into the
storeroom.

Every now and again the battery
powered truck would appear through
a door at one end of the factory, weave
almost in drunken manner around
corners, disappear behind one pro-
duction line, emerge from behind
another, and trundle off out again
through another door. Anyone who
wanted to load anything onto the
truck or take something off simply
pushed the- stop button as it passed
and then sent it off on its way again.

There was no sign of any track
Guiding the truck, and I wondered

aloud what on earth would happen if
such an obviously powerful object hit
anyone who had failed to notice the
police -like flashing light which it.
carried.

It turned out that the truck was
guided along -a predetermined route
by a magnetic track buried under the
factory floor, a sensor on the under-
side following the magnetic field and
steering the truck wheels.

When someone finally did step in
front of the beast, it stopped dead,
sensing their presence by a flexible
sensor. As it stopped, the truck flash-
ed lights and emitted all manner of
violent howls until the obstruction
moved away.

Explosive Tune
Just how and when did the modern

style of solid or "cricket bat" guitar
begin? Charlie Christian was using
one with Benny Goodman's band in
the late Thirties and the very early
Forties (he died in 1942); and he is
generally believed to have first experi-
mented with an electric guitar in
Oklahoma City in 1937.

But was Charlie Christian using an
ordinary acoustic guitar with an
acoustic pickup to sense vibrations
on the guitar belly and convert them
into electric signals for amplification?
Or was he using a magnetic pickup
where vibrating metal strings directly
induce a current into induction coils?

It is, of course, this type of induction
pickup that makes possible the modern
solid guitar, which produces electrical
signals but virtually no acoustic sound.

It's an interesting question, which
surprisingly involves military history.
The story goes that in the early 1940's
in the Battle of the Atlantic something
very dangerous to shipping appeared
in the water; the acoustic mine. In
what seemed quite miraculous manner,
these mines exploded only when a ship
with a particular sound came close.

t was all thanks to a brilliant nasty,
idea by a German at Kiel What he did
was stretch a metallic string over a
magnet and tune the string to the pitch
of the sound which the engines of the
hunted ship would make. So as the
ship got closer to the mine the tuned
string inside would start to vibrate
sympathetically, and this vibration
used to induce an electrical current in
a coil. This induced current was then
used to  trigger the mine fuse and
detonate it.

The story goes on that after the
War someone else had the decidedly
bright idea of using exactly the same
technique to generate musical sounds.
If this aspect of the story is true, then
we have the German Navy to thank for
the modern breed of electric guitars.

If the story is wrong, then the
German Navy may have had jazz
guitarist, Charlie Christian, to thank for
the magnetic mine.
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INDUCTANCE RESONANCE
BEFORE continuing this month with our main subject

of amplifiers, we shall take the opportunity to
discuss one particular subject which has not been
mentioned so far in the series. Tied in with this, is
the story of coils and transformers, all of which com-
pletes the basic "elements" of electronics. First then
the subject of inductance.

INDUCTANCE
Earlier in the series we told you how Oersted had

discovered that a current in a wire creates a mag-
netic field which can interfere with a compass needle.
In fact a current anywhere creates a magnetic field,
but we are concerned with wires at the moment.

It was soon realised that the field can be intensified
by coiling up the wire. In this way the current, as it
goes round and round the coil, adds more and more
field. Coils of insulated wire wound such as this are
often used as electromagnets.

Now, it occurred to some people that if a current
produces a magnetic field, then the process should
work in reverse. A magnetic field should produce a
current in a nearby conductor. But it did not seem to
happen. Laying magnets beside wires or coils did not
create currents.

The mystery was finally solved by Michael Faraday
after years of careful research. He reasoned that the
current -inducing effect of a magnetic field might be
quite small. So he constructed an arrangement de-
signed to make the effect as intense as possible. Fara-
day took a ring of iron and wrapped two insulated
coils round it (Fig. 5.1).

BY
GEORGE
HYLTON

AMPLIFIERS

Fig. 5.1. Probably the best known of Faraday's experiments.
Here the two coils A and B are coupled by the iron ring.

Coil A is an electromagnet energised by the battery.
Its field is concentrated in the iron, which carries it
through the receiving coil B. Any current induced in
B is registered by the meter.

Faraday found that no current was registered. Then
he noticed that the meter pointer gave a slight kick
at the instant S was closed to energise coil A, and a
much larger kick when S was opened. In between,
with coil A energised constantly, nothing happened.
This observation was one of the most important ever
made. It led to the dynamo, the electric motor, the
transformer and indirectly to radio.

As Faraday then realised, current flows in B only
when there is some change in the magnetic field of A.
In this case, the change is when the field builds up
from nothing or when it decays from its steady value
to nothing.

A steady field has no effect.
This is rather surprising; after all, the battery is

supplying energy all the time. Where does it go?
Well, in the steady state, after the field has built up,
all the energy is used up in driving current through
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the resistance of the wire in coil A. All this energy
is wasted, because if A had no resistance the same
current in it would still produce the same field. But
with no resistance to overcome a battery would have
no work to do. If the beginning of the coil were con-
nected to the end current would flow round and
round for ever.

An electromagnet is in real life totally inefficient,
all the energy used to create the field is wasted.

The point about coils is that a current in a coil
creates a magnetic field. If coil B in Faraday's
arrangement is disconnected, a rising or falling field
in A still has an effect. The changing field induces an
e.m.f. in coil B. Naturally, a current only flows if the
coil in which the voltage is induced is part of a com-
plete circuit. But the voltage appears anyway, com-
plete circuit or not. So the true effect of a changing
magnetic field is to induce voltages rather than cur-
rents.

A changing current flowing in a coil has an effect
on the coil itself. It is obvious that it must have, when
you remember that the coil is in the middle of its
own magnetic field. The effect is that the coil impedes
the flow of current. It does so by generating a voltage
which tries to push current in the reverse direction
to the current flowing through it. This voltage is
usually called a back e.m.f. and occurs in all sorts of
inductive devices such as electric motors.

The size of the back e.m.f. depends partly an the
coil itself, the greater the number of turns the greater
the back e.m.f. and therefore the higher the im-
pedance. But it also depends on the rate at which
the current is changing.

The faster the current changes, the greater the
back e.m.f. and therefore impedance. In a.c. circuits
the rate of change of current is greater as the fre-
quency is made higher. So the impedance of a coil
must increase as the frequency is raised.

The ability of a coil to generate a back e.m.f. is
used as a measure of the electrical size of the coil.

A coil which produces a back e.m.f. of 1 volt when
the current through it changes at the rate of 1 ampere
per second has an inductance of 1 henry.

COIL CORES
The inductance of any coil is increased by winding

the coil on a "core" of iron or ferrite material. Trans-
formers for mains and audio frequencies use cores
of silicon -iron or various magnetic alloys. The cores
are built up from stacks of sheetmetal stamped out
as thin insulated laminations. Laminations are usually
in the shape of the letters E, I, or a U with sharp
corners. Some transformers often use C cores.

Iron laminations cannot be used at high frequen-
cies. Instead, dust -iron cores are used. These are made
by pressing together fine particles of iron, insulated
from one another. Dust -iron is useful at frequencies
from about 100kHz to 100MHz.

Ferrite is a more versatile material which is made
in a number of grades and shapes. Between them
they cover a frequency range of about 1kHz to
1,000MHz. Ferrite is a hard black brittle material
which belongs to the same physical class of materials
as pottery and china; i.e. the ceramics. It is made
by moulding the powdered materials then baking
them at high temperatures until the particles fuse.

The most familiar ferrite component is the aerial
rod used for 1.w. and m.w. reception.

The amount by which the inductance of a coil is
increased by its core depends on many factors. At
low frequencies, with special magnetic alloys such as
Mumetal and tape -wound ring cores, the inductance
can be tens or even hundreds of thousands of times
what it would be if the core were absent. On the other
hand at high radio frequencies, where the core is
adjustable the increase may he only in the order of
two times. When talking about this type of increase
the word permeability is often used.

Permeability is the factor by which the inductance
would increase if the coil were embedded in a large
mass of core material, so that all the magnetic field
of the coil when carrying current would be in the
core. Practical coils are not like this and there is
always some "stray field" outside the care, and this
reduces the increase of inductance.

The practical increase of inductance is called the
effective permeability.

Much depends on the geometry of the core. A 10cm
ferrite rod aerial made of material with true permea-
bility of 500 may have an effective permeability of
five when the coil is in the centre of the rod, falling

A few examples of transformers using laminated iron cores.

to three when it is near one end. It follows that the
inductance can be adjusted by sliding the coil along
the rod. Much greater increases in inductance are
given by cores which form closed loops of magnetic
material threaded through the centre of the coil.
Mains transformers always use this type of construc-
tion.

It is usually desirable in transformers to minimise
the stray field, so that the magnetic field of the pri-
may is coupled strongly by the core to the secondary
winding.

Increase in inductance means that fewer turns are
needed on a coil. This calls for less wire so the resis-
tance of the winding is reduced, giving higher effi-
ciency in a transformer and a higher quality -factor
in a tuning coil. Unfortunately, all core materials are
"lossy", that is, the core absorbs energy from the
coil, so the improvement is less than might be
expected. The core losses increase with frequency.
and this effect is worst with high permeability
materials.
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This is why laminated metal cores are not usable
at high frequencies, and why the grades of ferrite
usable at v.h.f. and u.h.f. provide only modest increases
in inductance. In fact, at uh.f. it is quite common
practice to use brass cores for any adjustment neces-
sary. The brass reduces the effective permeability
and so lowers the inductance.

TUNED CIRCUITS
Inductors and capacitors are energy -storage devices.

Capacitors store energy as an electric charge, and we
have already investigated the process of charging
and discharging.

Inductors store energy in quite a different way.
When a current flows in an inductor a magnetic field
is created in and around it. The energy is in the field.
To recover the stared energy you must stop the cur-
rent. The field then collapses, and as it does so it
induces a voltage in the inductor. The size of this
voltage depends on how fast the current is switched
off-the faster the greater.

An inductor and a capacitor can be connected
together as in Fig. 5.2. If the switch S is put in posi-
tion 1, and left closed long enough for the circuit to
settle down after the initial inrush of current all that
happens is that C stays fully charged to the supply
voltage. If S is now placed in position 2, C discharges
through the coil, L. This, however, gives L a magnetic
field.

Fig. 5.2. The circuit shown here is helpful in
understanding how an inductor behaves when
connected to a source of energy.

When C has discharged, this field collapses, induc-
ing a voltage in L which drives a current which again
charges C. And so on, for ever and ever. Or, rather,
it would go on for ever and ever, if there were no
resistance in the circuit. In practice there is of course,
in the resistance of the wire which forms the coil,
so every time current flows some of the energy is used
up, and the charge/discharge process is made weaker.
If the resistance is small, and the oscillation dies
away slowly, we say that the circuit has a high Q.
This is the symbol for "quality factor".

The process just described has a familiar counter-
part in mechanical terms. This is the pendulum. If
you push the weight of a pendulum to one side, and
hold it there, you might say that this represents the
LC circuit with the switch in position 1 with C charged.

If you now let the weight go, corresponding to
changing S to position 2, the energy stored in the
displaced weight allows the pendulum to swing. It
accelerates until it reaches the bottom of the arc
through which it moves. From then on it has to climb,
so it slows down and eventually reaches some height
where it can go no further. It then falls back again,
and so on. Each swing is a little shorter than the last,
because energy is used up in overcoming air resis-
tance, friction in the pivot, and so on.

The time it takes for the pendulum to swing from
one end of its travel to the other and back again is
called its period. In an LC circuit, the period is the
time it takes from the moment when C begins to dis-
charge until it becomes charged again with the same
polarity. This is illustrated by the graph in Fig. 5.3.
and shows how the voltage on the capacitor charges
with time. The period need not be measured from
peak to peak.

Fig. 5.3. Graph showing what the output wave-
form of the previous figure would look like.

For most purposes it is easier to measure from
zero to zero and this is indicated in the figure. The
period is the same in both cases, of course. In fact,
if you measure from any point in one cycle of charge-
discharge -recharge to the same point on the next
cycle you get the same period.

In an LC circuit the period depends on the sizes of
L and C, that is the number of henries and the num-
ber of farads. To be precise, the period depends on
the product of L and C, that is L times C.

Another way of describing the behaviour of a pen-
dulum or LC circuit is to count the number of cycles
of oscillation in a given time. In electronics, where
the oscillations are usually rapid, the standard time
is one second. The oscillation is then said to go
through a particular number of cycles per second.
This number is called the frequency. Cycles per
second is, however, an old-fashioned term, so the
word Hertz, symbol Hz, has been adopted. It does
of course mean the same.

The frequency of an LC circuit, usually called a
tuned circuit, is also dependent on the sizes of L and
C. But in this case, since the frequency goes up as
the period goes down, the mathematics come out dif-
ferently. In fact, the frequency is proportional to one
divided by the square root of L times C. Also, to make
the units come out right, the number 27 has also to
be included. This gives the awkward -looking formula:

1

f=
br-V(LC)

The frequency of oscillation is often called the
natural frequency or the resonant frequency. An
excellent way of understanding tuned circuits is to
make a rigid pendulum by drilling a hole through
a large heavy stick, or metal bar, or something simi-
lar and hanging it on a small nail through the hole,
or a piece of string, so that it can swing freely to
and fro. Even if the pendulum is very heavy, a tiny
push given repeatedly at the right time is enough
to build up the oscillation. You can prove this by
pushing it with something weak, such as a piece of
thin wire, which would bend if too much pressure
were applied.

270 Everyday Electronics, February 1978



This build-up of oscillations, which shows that
energy is being stored in the pendulum, takes place
only if you push at the right times. If you try to make
the pendulum swing at the wrong frequency you will
find that it resists your efforts.

In circuit terms, the equivalent to this behaviour
is that a small voltage or current applied to an LC
tuned circuit will build up oscillations at the natural
frequency but not at some other frequency remote
from the natural one. If a mixture of equal currents
at different frequencies is applied then stored energy
builds up most at whichever frequencies are closest
to the natural one. After a few tens or hundreds -of
cycles these natural frequency currents and voltages
have become much greater than the others. This is
the process of frequency selection.

A tuned circuit with a very great capability for
energy storage is said to be very selective, or to have
high selectivity. Obviously, selectivity is a necessary
property of a radio receiver, whose aerial picks up
many transmissions on different frequencies, only
one of which is required by the listener.

a b
I

Fig. 5.4. Two ways of connecting an inductor and a capacitor.
The first is in series, the second in parallel.

Now let us see how a tuned circuit behaves when
an a.c. signal is applied to it. Fig. 5.4. Here the a.c.
signal comes from a generator, G. There are two ways
of connecting up. In Fig. 5.4a all the current flows
through the generator, L and C. If the generator
operates at the resonant frequency, the current builds
up in such a way that a small "push" from the genera-
tor creates a large flow of current. The generator
finds it easy to make a large current flow, which
is the same as saying that to the generator the LC
circuit offers little resistance to current flow. In fact,
if L and C were electrically perfect they would offer
no resistance at all at their resonant frequency, and
the current would depend only on the generator's
voltage and the resistance r.

At frequencies different from the natural one, the
generator finds itself out of step with the stored vol-
tage and current. The LC circuit's resistance has
increased.

The circuit in Fig. 5.4b shows a different situation.
Current can now surge back and forth between C and
L without going through the generator. A small cur-
rent from the generator at the right frequency, causes
a large current to build up and circulate in L and C,
but all this stored current need not flow through the
generator itself. It turns out that in this case, at the
resonant frequency, the LC circuit has a high impe-
dance. At other frequencies remote from the natural
frequency the impedance becomes low.

The first circuit is sometimes called an acceptor
circuit, because it accepts current readily at the

natural resonant frequency. However, electronic
engineers usually refer to it as a series -tuned circuit
from the way in which L and C are connected. The
second circuit is sometimes called a rejector circuit
or an anti -resonant circuit but electronic engineers
call it a parallel -tuned circuit.

RESONANCE
So far we have not explained the term resonant

which is the one most frequently used in talking
about tuned circuits in electronics. Resonant is really
an acoustical term. You read about people speaking
in resonant tones, for example. In scientific acoustics,
resonance refers to the property of organ pipes, piano
strings, etc., to be frequency selective. If you blow
into the open mouth of an empty bottle in the right
way you produce a musical note. This is resonance.

What happens is that the hissing sound of your
breath contains a mixture of frequencies, which
makes the air in the bottle vibrate as sound waves.
Sound travels to the bottom of the bottle, is reflected
as an echo, and arrives back at the mouth. If it arrives
back at just the right moment it reinforces the sound
which is now coming from your breath, and a stronger
wave then travels back to the bottom of the bottle,
and so on. It is like the gentle, repeated push of the
pendulum all over again, but in a different form.

Fig. 5.5. A simple oscillator circuit. The circuit Is
tuned by the combination LC circuit.

In electronics, we often need to generate a particu-
lar frequency continuously. This can be arranged by
connecting an LC tuned circuit to an amplifier with
positive feedback, Fig. 5.5. This arrangement is the
electronic equivalent of blowing into the empty bottle.
All amplifiers generate electrical noise, that is, ran-
dom mixtures of frequencies. As you can see, the LC
circuit, fed via R, picks out the wanted frequency
and feeds it back into the amplifier.

It emerges, reinforces any noise at the correct
frequency, and is fed back again via R into the LC
circuit and so on. The LC circuit quickly acquires a
large circulating energy at its resonant frequency,
which provides an input signal for the amplifier. So
long as you do not take too much energy from the
output, but always leave enough to sustain the oscil-
lation, the system will generate an output for you for
ever, or at least until the battery runs down or some
component fails.

There are many different forms of LC oscillator.
The commonest ones use a single transistor but a
more complicated form of tuned circuit. The point is
that a single transistor does not provide an amplified
output voltage which is in step with the input. The
output of a single stage voltage amplifier is exactly
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a b c d

Fig. 5.7. Four ways of connecting our coil into a transistor circuit. The first (a) will not workas there is nothing to turn the transistor on.
In (b) the transistor is turned on too much, whereas although (c) is satisfactory, the a.c. current is impeded. By adding a capacitor as in
(d) this problem is solved.

out of step with the input. It is an inverting amplifier,
if the input goes positive, the output goes negative.
This is of no use for making an oscillator, since any
signal fed back from output to input would oppose
the existing input signal, instead of reinforcing it.
To make the output signal assist the input it is neces-
sary to turn it "upside down" so that positive becomes
negative and negative positive.

One method of inverting the signal is to use a
device called a transformer. The basic idea of a trans-
former was the iron ring in Faraday's experiment,
Fig. 5.1. If coil A is energised not by a battery but
by a source of alternating voltage, the field con-
tinually changes.

This field induces in the second coil B a varying
voltage. Now coil. B is insulated, neither end need be
earthed, thus the induced voltage appears whether
the coil is earthed or not. Just in the same way either
end may be earthed. Indeed if one end is earthed the
voltage appearing at the non -earthed end can then
be in phase or could be phase inverted with respect
to the voltage on coil A.

This arrangement can thus be used as a phase in-
verter, to turn signals "upside down".

OSCILLATORS
Up till now a great deal of theory has been dis-

cussed regarding tuned circuits, coils and phase. Now
it is time to put that theory into practice by looking
at a practical oscillator.

First, however, we shall make a particular kind of
coil. The constructional details of which is shown
in Fig. 5.6. You will notice that one coil is wound on
top of the other, this form of winding means that the
field of one is concentrated very nicely into the second
coil. We say that the coils are tightly coupled.

The coil is wound on a piece of ferrite rod about
10cm X 9mm.

Fig. 5.6. Constructional details for our coil. Insure that the
ends of the wires are clearly in identified as shown.

Before winding your coils cut a long strip of thin
card or thick paper, not quite as wide as the rod is
long. Wrap it round the rod so that it forms a rigid
tube and tape it so that it cannot unwind. You should
find that it can be slid along the rod.

Put the tube centrally on the rod and wind coil A,
of about 4Q turns of insulated wire. Before you start,
tape the wire firmly to the tube leaving about 150mm
for a lead -out. Close -wind the coil, i.e. adjacent turns
touching. When completed tape the "finish" end in
place and again leave 150mm of loose wire for con-
necting. Wind coil B on top of A, proceeding as before.
Start winding from the same end as you started A
at, and wind it in the same direction. You need not
use quite so many turns, say 30 instead of 40.

We shall use A as the inductance L of an LC paral-
lel -tuned circuit. C can be a polyester or polystyrene-
capacitor of lOnF in value. When this LC circuit is
connected correctly to a transistor, using the trans-
former phase inverting properties of the two coils
the transistor should oscillate. The tuned coil A will
be connected in the collector circuit since this is the
output. Coil B will be connected to the base.

The simplest connection, Fig. 5.7a, will not work
because there is nothing in it to turn the transistor
on. The next simplest, Fig. 5.7b, in which the earthy
end of B is connected to battery positive turns on
the transistor too hard. The usual method of turning
a transistor on is to feed a small current into the base.
This is what you did earlier when estimating the
current amplification.

The circuit in Fig. 5.7c does this but is still not
satisfactory because the high resistance R1 greatly
reduces the amount of a.c. current which can flow
when a voltage is induced in coil B. The a.c. path is
through base to emitter then through the battery to
R1 end so back to the coil. The battery offers no
impedance to a.c.

To enable a.c. to flow freely we connect Cl as in
Fig. 5.7d. If Cl has a large enough capacitance it will
offer little impedance to a.c. signals. These can then
flow from coil B through the base/emitter part of the
transistor and back to B via Cl without having to
go through R1 at all.

For making measurements of the a.c. voltage across
the coil, it is convenient to have one end earthed.
Also it is more convenient when wiring up the circuit
to connect the positive end of R1 to the collector
rather than the battery. This makes very little dif-
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ference to the operation of the circuit and in fact
is a very common way of biasing a transistor, that is
turning it on to the required degree.

The circuit we finally use is shown in Fig. 5.8. It
incorporates these two conveniences, and you will see
that it does all the other things we want as well.

Cl
10OnFunim

IC2 lOnF

e

NPN
R1
1M12

e1 9V

Fig. 5.8. The final circuit we use. This is constructed using
the NPN module and the homewound coil. Note the con-
nections to the coil. To check that it is working the VOLTAGE
INDICATOR may be used.

The letter S and F refer to the start and finish of
the windings. It is important to connect as shown,
otherwise the circuit will not oscillate. When it does
oscillate, it is at a high frequency, about 200kHz.
This is far too high to hear, so we have to detect the
oscillation some other way. First you can do it by
connecting your VOLTAGE INDICATOR to point X where
the coil joins Cl. There is no d.c. voltage here because
Cl blocks the d.c. from the battery. There can how-
ever be plenty of a.c. We measured about 5V.

The other test is to place a radio close to the
ferrite rod and tune across the long and medium
wavebands. At various points you hear a whistle,
caused by your oscillator interfering with an incom-
ing broadcast. To prove it is your oscillator and not
the TV in the next room or something else, touch the
collector of your NPN module. This produces a small
change in frequency, which you can hear. You will
also find that sliding the ferrite rod in and out of
the coils produces a large change of frequency.
Evidently the position of a coil core can have a large
effect on the inductance.

AMPLIFIERS
An amplifier is a device which makes small quan-

tities greater. In electronics the quantities which are
amplified are voltage, current and power. Amplifiers
can be made which will increase any of these, fre-
quently all three at once.

An amplifier uses the energy of its battery or power
supply to make enlarged copies of the quantities in
question, which are known in general as the input
signals. To begin with, we shall consider a voltage
amplifier.

A common kind is the operational amplifier (abbre-
viated to op -amp), so called because it is designed to
carry out certain mathematical operations in one
kind of computer, the analogue computer. The input
signal is a small voltage, the output signal a larger
one, perhaps thousands of times larger.

The standard symbol for an operational amplifier
is a triangle with two input points and one output
point. Fig. 5.9.

Fig. 5.9. The standard symbol for an
operational amplifier. This has two
inputs; the inverting (negative sym-
bol), and the non -inverting (positive
symbol).

The plus and minus signs at the input do not have
their usual meaning. Here they show which direction
the amplified output moves when an input is applied.
The plus sign means that the output voltage changes
in the same direction as the input, positive for a
positive input, negative for a negative input. The
minus sign means that the amplified output voltage
changes in the opposite direction to the input. That
is a positive input voltage produces a negative output
voltage, and vice versa.

This process of changing the polarity of the signal
is known as phase -inversion or just inversion. The
terminal with the minus sign is known as the invert-
ing input terminal, and the plus sign marks the
non -inverting input terminal.

Now, what happens if the non -inverting terminal
is connected to the output terminal? Any small fluc-
tuation in the output voltage caused, say, by the bat-
tery voltage changing slightly, gets amplified, produc-
ing a larger fluctuation which reinforces the original
one and which is then amplified again, and so on for
ever.

If 2V is applied to both the inputs, for example,
the 2V at the non -inverting input is cancelled by the
2V at the inverting input, so the amplifier behaves
as if it had no input at all. This kind of amplifier is
called a differential amplifier because it responds to
the difference between the two inputs. Suppose the

Fig. 5.10. By adding two resistors as a potential
divider, the op -amp can have any gain as
desired.

amplifier has a voltage gain of 100 but we need only
to amplify a 1V input by 10, to produce 10V output.
The amplifier can be arranged to have an effective
gain of 10 by adding a feedback circuit, Fig. 5.10.

Here resistors R1 and R2 are so proportioned that
0.9V is fed back to the inverting terminal. The
effective input is now 1V -0.9V= 0- 1V. When this
0.1V is amplified 100 times the required 10V output
is produced. The voltage divider formed by R1 and
R2 has to divide the output voltage by about 11 in
order to provide the required effective gain.

Now, so far nothing has been accomplished that
could not have been done just as effectively by
attenuating the input voltage to 0.1V before applying
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it to the amplifier. The beauty of the negative feed-
back arrangement becomes Clear when we consider
what happens if the gain of ,the amplifier changes.

Suppose it falls to 50. This would normally reduce
the output by half, to 5V. But as you can see from the
figures in brackets the output is reduced only to 9V.
The negative feedback has kept the effective gain
close to the target value. It turns out that the more
gain is sacrificed the more protected the effective
gain is against variations.

This is mast useful, because it is not at all easy to
make an amplifier with a precise gain, because of
variations in transistors, components, supply voltages
and so on. There are other benefits, too, such as a
reduction of distortion. Practical operational ampli-
fiers often have voltage gains of around 10,000, but
on data sheets the gain, called the open -loop gain,
meaning the gain with no feedback, is often
expressed in decibels.

A voltage gain of 10,000 is equivalent to 80
decibels.

INPUT IMPEDANCE
So far, in talking about amplifiers, we have said

nothing about what an amplifier input looks like to
a signal voltage. In fact, we have assumed that the
impedance between an amplifier's input terminal and
earth is infinitely large.

In practice, however, the input impedance may be
low enough to have to be taken into careful considera-
tion. If it is too low it may seriously affect the input
signal. The reason is that most of the signals met
with in practice come from signal sources; micro-
phones, aerials, gramophone pick-ups, tape playback
heads etc, which have appreciable
internal impedances. Such a signal source can be
represented on a circuit diagram as a voltage
generator Vs in series with an impedance Rs. Fig. 5.11.

Fig. 5.11. Input impedance of ampli-
fiers can pose quite a problem to a
signal source. To obtain maximum
output from the amplifier the im-
pedance Ra should be as large as
possible.

When this is connected to an amplifier whose own
input impedance is R. a current flows. This causes a
voltage drop in both Rs and Ra. Only the voltage
across R. is applied to the amplifier. The other part is
lost in R., that is, it stays inside the signal source.

To minimise this loss of signal it is necessary for
R. to be small in comparison with Ra. You can see
that these two resistors form a voltage divider, whose
output appears across Ra. Thus if R, is twice the size
of R. two thirds of the signal voltage is lost.

Next month we shall continue with amplifiers and go on to
build a practical working module.

See Shop Talk concerning the leadouts of the 2N3702
transistor.

TEACH -IN 78 Matters Arising
Part 3. In Fig. 3.10, the I.e.d. is shown connected incorrectly.
The a and k connections should be transposed. The circuit
in Fig. 3.9. is correct however.
Part 4. The answer to question one of Part Three should be
5 ohms and not 2 ohms as stated.

QUESTIONS
1. A negative signal is applied to the inverting terminal of

an op -amp. The output is:
a. positive
b. negative
c. zero

2. A changing magnetic field in an inductor induces:
a. current
b. a voltage or e.m.f.
c. nothing

3. An acceptor circuit is:
a. L and C in parallel
b. L and C in series
c. R and C in parallel

4. Coils are said to be tightly coupled when:
a. they are twisted firmly round their former
b. they are close together
c. all the field of one passes through the other

5. To a.c. signals the impedance of a battery is normally:
a. very low
b. very high
c. voltage divided by current from the battery

6. A 2 ohm resistor and 4 ohm resistor are connected in
parallel. The total resistance is:
a. 8S1
b. 20
c. 1.330

7. A transistor has a collector load of 1 I<C1 and a bias resistor
between collector and base of 2201(0. If its collector vol-
tage is about half the supply voltage, its d.c. current ampli-
fication is about:
a. 220
b. 100
c. 220,000

8. A transformer has a 100 turn primary and a 400 turn
secondary. If 3 ohms is connected to the primary the
secondary "sees":
a. 120
b. 0.750.
c. 4851

ANSWERS (To Part four)
1. 1 mA per volt (a)
2. 5 volts (a)
3. 9 milliamps (c)

4. 1000 seconds (c)
5. 17 milliseconds (a)
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Off the track
With reference to the December 1977
issue Of EVERYDAY ELECTRONICS, I would
like to point out a mistake regarding
the 'Hovertrain.

In "For your Entertainment" Mr.
Hope states: "For a while a length of
track and a prototype vehicle sat forlorn
in a field at Cranfield; but I understand
that bulldozers have now moved in ...".

This is a mistake: The vehicle sat in
a hanger. It was NOT at Cranfield. It was
in Earith in Cambridgeshire.

The firm my father works for, bought
the buildings and land. Part of the terms
of purchase was that they knocked down
the track. It is now,the hardcore of the
yard. This was 21 years ago.

As for the train? It was transported to
a train museum, but it fell oft the lorry
less than half a mile from its "home".

Before it went, however, I managed to
see the train at very close quarters. The
linear motors were very impressive.

On the train itself, at the back, there
were two wheels with car tyres on which
were used to stabilise the train. Mounted
on the top of the train was an arrester
hook for use in emergencies in case it
didn't stop. On one occasion when this
hook was tried, with the train going at
about 15 m.p.h, the train's hook caught
the wire and it stopped with just feet to
spare.

The track itself was about 11 miles
long, and ran parallel to the "Old Bedford
Drain" in Earith.

The villagers were very annoyed when
the project was scrapped.

V. J. Wood,
Earith,

Cambs.

Mr. Hope replies . . .

The machine and short length of track
I saw were definitely in a field at Cranfield -
I found them while killing time before a
trip on the Goodyear airship that landed
there a few years ago. I took photographs
and still have the negatives buried some-
where in my files.

I met Prof. Laithwaite on a TV pro-
gramme recently and it was he who told
me of the scrapping etc. So perhaps there
were two prototypes?

Incidentally at Cranfield (in a hanger) The above circuit suggested by Mr.
I also found the old TS R2 prototype.

Dynamo back-up

I read and enjoy your magazine every
month and I have recently constructed
the "Dynamo Back-up" published in
your September '77 issue.

One problem I encountered was that
my dynamo system used an earth return,
and the dynamo and lamp housing was
designed accordingly. For this reason, it
was necessary to isolate either the lamps
or the dynamo from the frame, when
adding the back-up.

Also the modification shown below
uses a D.P.D.T. three position slide
switch instead of a 2 -way toggle switch, to
allow the back-up to be completely by-
passed if desired.

A. Hearne,
Co. Waterford,

Eire.

Hearne has not been tested by us.

00111dIdillEVIEWS
THE FABULOUS PHONOGRAPH, 1877 1977

. , .

Author
Price £6 5O

iSte. 34;6404
Publisher,cailiii

THE new world was the birthplace of the gramo-
phone, so the American title is appropriate. A

vast industry was producing cylinder and disc talk-
ing machines long before Europe got involved. Yet
after a promising start, a demise set in when the
novelty wore off what was chiefly seen as a rather
frivolous toy. Here European countries came to the
rescue. The artistic contributions made by the Old
World revitalised the whole business of recorded
music and elevated the gramophone to the status
of a serious musical instrument where it is firmly
established today.

All this we learn through this absorbing story,
where commercial rivalry, not only in invention and
technical development, but in wooing international

artists and orchestras, is 'a dominant theme. Many
instruments were involved in the battle over the
years. Many companies entered the arena; many sub-
sequently disappeared or changed beyond recognition
through amalgamations during these exciting 100
years.

The Fabulous Phonograph is a second revised
edition of a work hailed as a classic upon its first
appearance in 1955. This latest edition has been
brought out to coincide with the centenary of the
phonograph, invented by Edison in 1877.

The first 300 pages cover the story from first begin-
nings (1877) up to 1955, with an approximately even
balance between technical, commercial and artistic
development. The technical evolution of the phono-
graph is described through. American eyes, and British
activities ignored. Thus the word "Radiogram" does
not appear in the book, and those ingenious mechani-
cal devices for changing records get no mention.

The last 35 pages cover the 22 years from 1955 to
the present, and in view of the tremendous changes
brought about in this period (largely through elec-
tronic achievements) the space allocated is sadly dis-
proportionate to the rest of the book.

Thus the introduction of the microgroove long
playing record, stereo (and now quadrophony), and
the phenomenal success of pop music since that first
recording by Presley in 1956, receive rather summary
treatment, considering their great impact on techni-
cal and, even more especially, upon social affairs.

F.E.B.

Everyday Electronics, February 1978 275



I

MOST disco's and "pop" bands
today are equipped with light-

ing effects such as sound -to -light,
strobe, colour wheel, ultra -violet
light, etc. This article describes a
further effect that is now in use
on the disco/band scene. It is a
four -phase sequential display or
Chaser Light Display.

The unit to be described has
speed, direction, freeze and effect
controls and is capable of handling
one kilowatt per channel (but with
limitations-see later).

START
HERE FOR

CONSTRUCTION

PRINTED CIRCUIT BOARD
Most of the components are

mounted on a piece of printed cir-
cuit board, the full-size pattern of
which is shown in Fig. 1. A Dalo
etch resist pen can be used for
most of this but rub -down transfer
pads are recommended for the
component connection points.

When the etchant resist is com-
pletely dry the board should be
placed in a saturated solution of

etoDANc
0

 *
us

ESTIMATED COST
OF COMPONENTS

£15 excluding
case and

Light Boxes

HOW IT WORKS...
FREQUENCY

OSCILLATOR

2

LOGIC ÷
COUNTER

ferric chloride. Care needs to be
exercised when handling this
chemical as it is very corrosive.
Avoid contact with the skin. A
photographic plastic or enamel tray
is a suitable container for holding
the etchant.

The board should be laid face
down and the contents of the tray
constantly agitated for speedy re-
sults. Inspect the board from time
to time using a pair of tweezers to
hold the board, and when all the
unwanted copper has been re-
moved, thoroughly wash the board

1-

LAMP
DRIVERS

The variable frequency oscillator produces a train of square wave pulses
suitable for inputting to a TTL logic section which acts as a divide by 4
counter with four independent outputs. The state of each output (high or
low, logic 1 or 0) is dependant on the number of pulses received from the
oscillator.

At any one time there are three high outputs (four distinct arrangements)
or this can be reversed by switching to produce a single high and three low
states. A high output on a particular channel turns on the lamp drivers
and causes the bulbs of that channel to light. The net result from a train
of input pulses is a constantly changing flashing light system, which when
correctly arranged will produce a "running" light effect.
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under running water. Remove the
etch resist using a scouring pad
and then drill the board to suit the
component lead -out wires. Drill
4BA clearance holes to provide
fixing to the case and then
assemble the components as shown
in Fig. 4. Note the use of Veropins
for connection to case mounted
components.

TRIAC HEATSINKS
The next stage of construction

concerns the triacs. These need to

be mounted on heat sinks, each
one isolated from the other and
all isolated completely from the
case. To accomplish this the four
heatsinks are mounted on a sheet
of Paxolin that is bolted to the
back panel with spacers interposed
between board and back panel;
Fig. 3 gives details and lead -out
identification of the T1C225D triacs
specified.

CASE AND WIRING
The case used in the prototype

By J. McBride
4

was an integral aluminium base/
front/rear panel type with remov-
able fabric covered steel lid. This
case is available from many
sources and has a type number
RB5 with dimensions 280 x 190 x
90mm although any similar size
will do.

Begin by drilling the case to
accept the case mounted compo-
nents, including the p.c.b. and
triac/heatsink assembly and then
fix all these in place and wire up
according to Fig. 4.

Fig.1. The copper pattern to be etched on the Chaser Light Display component board, shown full size from copper side.
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Fig. 2. The complete circuit diagram of the Chaser Light Display.

CIRCUIT DESCRIPTION
The complete circuit diagram of

the Chaser Light Display is shown
in Fig. 2. and can be seen to con-
sist of five distinct sections:
mains derived low voltage power
supply unit (Zener stabilised);
a square wave oscillator (clock
oscillator); a logic coding section;
an 1.e.d. status monitor; power
switches.

Mains voltage enters the unit
and is stepped down by Ti. Full -
wave rectification is achieved by
means of the diode bridge D1 to
D4 and the resulting pulsed wave-
form smoothed by reservoir capaci-
tor Cl. The resulting d.c. voltage
is placed across the Zener diode

and its series resistor.
The Zener voltage, 5-6 volts. is

coupled to the base of TR1 which
turns on the latter and makes
available at the emitter a voltage
level of 5 volts (since the base/
emitter junction drops 0.6 volts).
This level is required for the rri..
logic i.c.s.

The oscillator consists of IC1
which is a 555 timer i.c. wired as
an astable multivibrator. Output is
at pin 3 which is normally at zero
volts when the voltage on C2 is
less than two-thirds the positive
supply voltage level.

The capacitor is charged up via
R2, R3 and VR1 and when the vol-

TO CSR 3 mtl
-0-

TO CEA mt I

tage on the positive plate reaches
two-thirds the supply rail, the in-
ternal circuitry of the i.e. switches
and causes pin 3 to be at 5 volts.
At the same time a discharge path
is placed across C'2 consisting of
R3 and VR1 causing the voltage
level on the positive plate to re-
duce. When this reaches one-third
the supply line, the internal cir-
cuitry resets and pin 3 drops to
zero volts and the capacitor begins
to charge up again to repeat.

The output on and off times are
governed by VR1, i.e. the fre-
quency of the oscillator can be
varied by means of VR1.

LOGIC CIRCUITRY
The output of IC1 is fed to the

logic circuitry composed of 1C2 and

1.17,
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IC3. two flip-flops (connected in
series) feeding four NOR gates res-
pectively interconnected to form a
divide- by- four non - overlapping
sequential outputs. To help under-
stand the action of this section.
consider Table I. the truth table
for the two flip-flops connected in
series.

It can be seen that two l's (high
output) and two 0's (low output)
are obtained at every phase. The
four outputs are cross -coupled to
feed four NOB gates. A NOR truth
table is shown in Table 2. We can
see that the output is always zero
except when the two inputs are
low simultaneously. The composite
truth table is shown in Table 3
and shows that only one gate is
producing a high output at any one
time and each gate producing such
an output level every fifth pulse.

Switch S2 can be operated to
hold the logic section output at the
last clock pulse state. In this posi-
tion the lights are no longer "run-
ning... Operation of S3 changes the
direction of apparent motion.

The four NOR gates are each
directly coupled to the inputs of
four inverters. A high or low input
to these gates (as their name sug-
gests) causes a low or high output
respectively. A switch at each out-
put allows this gate to be bypassed
if desired.

If all switches are in the posi-
tions shown, one channel will be on
at each phase; if all the switches
are operated one channel will be
extinguished at each phase. The..
latter gives the impression of
lamps moving along in groups of.
three.

The outputs from the logic gates:,
are monitored by the four 1.e.d.s,',
D6 to D9 which mimic whatever.,
the main lamps are doing.

TRIAC DRIVERS
Transistors TR2 to TR5 act as

TTL-triac interfaces and are turned
on when a high state exists there-
by causing a voltage step at the
emitter to feed the triac gates
through gate current limit resistors
R13, 15. 17, 19. The triac is turned
on when it receives a positive vol-
tage at its gate which then causes
the main lamps to be lit. The lamps
are extinguished when the triac
turns off and this results when the
gate voltageicurrent is reduced
below a threshold level when TR2
(3, 4 or 5) is turned off by its base
receiving a logic zero (low state),

mtl

mt2

CSR1 TO 4
TO -66 PLASTIC
CASE TYPE

BACK PANEL

Fig. 3. Details of the triac mounting arrangement and heatsink fittings. Also shows pin
configuration for the specified triacs.

Connection to the "light boxes"
(or box) is made via a terminal
block fitted to the rear panel of
the case. Since high currents will
be flowing through this terminal
to the bank of light boxes, a heavy
duty block is required. Use one
rated at 15 amps or more to cover
all eventualities.

Table 1: Truth table for two flip-flops
wired in series
Clock QA QA QB Oa

0 1

0
1 0

1 1 0 1 0
0 0 1 1 0
1 0 1 1 0
0 1 0 0 1

1 1 0 0 1

0 0 1

0
1

1 0 1 0 1

Each terminal block will need to
hold four cables (if four separate
light boxes are used) or a number
equal to the number of light boxes.
Wiring details between the master
unit and each box is shown in Fig.
5. Use 5 amp wiring to interconnect
the lamps and each box to the
master.

Table 2: Truth table for a NOR gate
Input 1 Input 2 Output

1 1 0
0 1 0
1 0 0
0 0 1

Table 3: Composite truth table for two flip-flops in
four NOR gates followed by four inverters

series feeding

Clock QA QA QB Q -B
0 1 0 1 0
1 1 0 1 0
0 0 1 1 0
1 0 1 1 0
0 1 0 0 1

1 1 0 0 1

0 0 1 0 1

1 0 1 0

G3a G3b G3c G3d

0

0

0

0

0

a

0

0

0

0

0

0

Gate Outputs Gate Outputs
G4a G4b G4c G4d

1

0

0

1

0

0

Pin and internal details of the three logic i.c.s employed in the Chaser Light Display.
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Fig. 4. The layout of the components and board within the case and complete wiring up details of the main unit.
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Fig. 5 Light box wiring details to the main unit.
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4

COMPONENTS

Resistors
R1 470D R11 2-2k52
R2 1k0 R12 2.2k12
R3 iokn R13 2-7kD
R4 4 - 7kD R14 1052
R5 27012 R15 2.7k1
R6 27011 R16 10D
R7 27052 R17 2 - 71O2
R8 2700 R18100
R9 2.21d/ R19 2.710
R10 2.2k1 R20 ion
All a watt carbon ± 10%

Potentiometer
VR1 1MD carbon lin.

Capacitors
C1 2200/1F 10V elect.
C2 2-2/4F 6V elect.
C3 0.01/LF plastic or ceramic

Semiconductors
D1 to D4 B40C1500 1.5 amp bridge rectifier
D5 BZY88C5V6 5.6V 400mW Zener diode
D6, 7, 8, 9, TIL209 red light emitting diode (4 off)
IC1 NE555 timer i.c.
IC2 SN7473 Dual J -K flip-flop
IC3 SN7402 Quad 2 -input NOR gates
IC4 SN7404 Hex inverter
TR1 BFY51 silicon npn
TR2, 3, 4, 5 BC108 silicon npn (4 off),
CSR1, 2, 3, 4 TIC225D

See

page 262

Miscellaneous
T1 mains primary/6 volt 500mA secondary
LP1 panel mounting mains neon
S1 double -pole on/off rated at 10A 250V a.c.
S2 single -pole on/off
S3 single -pole double throw
S4 4 -pole 2 -way
FS1 1 amp 20mm
FS2, 3, 4, 5 5 amp 20mm (4 off)
Printed circuit board size 178 x 78mm; 20mm chassis mounting fuse -
holders (5 off); fixing clip for C1; metal case type RB5 or similar (280 x
190 x 90mm); solder tag; 5 -way 15 amp terminal block; heatsinks type
Redpoint TV -4 or similar for triacs (4 oft); Paxolin panel for mounting
heatsinks; 4BA fixings and spacers; mains cable; rubber grommet.

USE OF CHASER
When used properly the chaser

will give fascinating light -shows.
The lights are best arranged in
groups of four. Each fourth colour
being the same. Five groups of
four along the bottom of a stage
gave the best effect to date.

Alternatively, four floodlights
can be used to change the colour
or the ambient lighting in a hall.
A totally different display can be
made from 4, 8, 12 or as many mul-
tiples of four as you wish of low
powered bulbs arranged in concen-
tric circles. These would need
accurate positioning to give the
best effect.

Care should be taken at all times
to ensure that the triacs are never
overloaded or over heated. The
triacs specified will take 6 amps,
but here a problem arises. A stan-
dard 13 amp outlet will not allow
three channels (the maximum at
any one time) to be used to full
capacity. Check before the venue
that even this can be supplied as
some halls have very poor mains
supply.

No suppression has been fitted
to this unit for the simple reason
that no interference was detect-
able when switching over 1 kilo-
watt per channel (only one chan-
nel loaded) using a wide variety
of amplifiers when used at even a
quarter of normal volume level.
Interference an a common, un-
suppressed 100 watt amplifier was
about 250mW with all volume and
tone controls fully advanced. I:1

Boodblikows
MODEL ENGINEERING
'Author Martin Evans
Price 47-95
Size 245 x 190mm 210 pages
Publisher Pitman

Tms is a handsome book incorporating a lavish
selection of photographs of models with loco-

motives predominating but including trams, tractors,
cars, boats and even clocks. These excellent examples
of the model maker's craft very nearly succeed in
overshadowing the text which does nevertheless
occupy 121 out of a total of 210 pages.

On practical matters there are chapters devoted
to the home workshop and essential hand tools;
and the more specialised machines used in model
engineering : the lathe, the drilling machine, and
the grinding machine. The text is aimed at the new-
comer and is well illustrated with line diagrams and
with photographs of typical equipment.

Other practical matters discussed include castings
and materials; and the joining of metals (six different
methods-from bolts and studs, to welding are ex-
plained). There is a glossary of engineering terms.

The photographs alone could well entice a reader
to take up model -making as another hobby. If so, the
remainder of this book will give him the essential
insight into the field of light engineering. We suspect
many an electronics constructor will find the prospect
fascinating and not an unnatural transition for one
already coversant with electronic model making. In
any event, for the electronics constructor in general
this book could prove a useful extension and back-up
to other works of reference he may possess dealing
with workshop matters. F.E.B.
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INTRODUCTION
WHEN working in the field of

audio equipment, one of the
most useful pieces of test equip-
ment to have in the workshop is an
a.c. millivoltmeter. This is needed
in order to check most of the
parameters of an amplifier and is
also very useful for general ser-
vicing and testing purposes.

Many electronics enthusiasts.
especially beginners, may be put
off building an audio millivolt -
meter by the cost and complexity
of a good quality instrument. The
unit which forms the subject of
this article is designed to provide
a low cost alternative to a milli -
voltmeter, and it can be used in
conjunction with any multimeter
having an a.c. range of about 5 or
6 volts f.s.d. or less.

The basic unit is really just an
amplifier which has two switched

voltage gains of 10 (20dB) and 100
(40dB). Thus, if it is added ahead
of a multimeter switched to its 5V
a.c. range, this set-up will have an
input sensitivity of 500mV with the
amplifier in the x10 mode, and
50mV with it in the x100 mode.
It can therefore be used to convert
a multimeter into a millivoltmeter.

The number of ranges obtained
and the accuracy of those ranges
is largely dependent upon the
specification of the multimeter
used. The author's instrument has
low a.c. voltage ranges of 1.5, 3,
and 5V f.s.d., which provides six
ranges when the converter is added
(15, 30, 50, 150, 300, and 500mV
f.s.d.). Accuracy has proved to be
more than adequate for all normal
requirements.

There are other possible uses for
the unit. For instance, it can be
added ahead of the Y -input of an
insensitive oscilloscope in order to
enable low level audio measure-
ments to be made.

By R. A. Penfold

START
HERE FOR

CONSTRUCTION

The prototype is constructed in
an A.B.S. case with a steel front
panel, and the unit is constructed in
such a way that it is tailored to fit
this particular case. It is therefore
advisable to use the specified
case, even though the unit could be
adapted to fit other cases of a
similar or larger size.

The front panel is drilled with a
central 10mm diameter hole to
take Si, with SK1 to the left of
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COMPONENTS o\` -

Resistors
R1 180
R2 1-8k1)1°%
R3 20k0 1%
R4 WO
R5 1801d2 1%
All resistors are carbon 1W ± 5% except where stated

Potentiometers
VR1 2-2MD standard horizontal preset

Capacitors
C1 47nF
C2 100n F
C3 100n F
C4 3 -3pF ceramic
C5 470nF
All capacitors are polyester except where stated

Integrated Circuit
IC1 7480 8 pin d.i.l.

Miscellaneous
S1 4 -pole 3 -way rotary wafer switch
81, 2 9V PP3 batteries
SKI, 2 3.5mm jack sockets
Perforated board 0.1 inch matrix 23x14 holes; plastic case type M2
(Doram); small round knob; two battery clips; two 3.5mm jack plugs;
wo crocodile clips; connecting wire; solder.

page 262

this and SK2 on the right. Both
sockets are 3.5min jack types and
require a 6mm diameter mounting
hole.

A plain 0. linch matrix s.r.b.p.
panel is used as the constructional
basis of the circuitry, and has 23 X
14 holes. Use a hacksaw to cut this
to size, and exercise reasonable
care as the board is rather brittle.

Details of the component layout
and underside wiring of the panel

are shown in Fig. 3. This also
shows all the other wiring of the
unit.

Start by mounting all the com-
ponents in the appropriate posi-
tions on the panel and then bend
their leadouts and tags flat against
the underside of the panel. Then
cut the leads to length and solder
them together so that they con-
form to the wiring diagram. Then
connect the single link wire.

Finished circuit board showing positioning of components.

Position the completed compo-
nent panel between S1 and SK2 so
that it has its component side fac-
ing SK2 with C5 immediately
below SK2. Then wire the panel
up to the rest of the unit using
ordinary insulated connecting
wire. The two connections to SK2
are taken to the component side
of the panel and all others are
made to the underside.

This is important, since the
finished component panel is slotted
into the appropriate set of guide
rails in the case, and this effec-
tively divides the interior of the
case into two separate parts.

There is a space for the two PP3
batteries behind SK1.

CIRCUIT PRINCIPLES
The circuit uses a single opera-

tional amplifier i.c. in the non -
inverting amplifier configuration.
The basic non -inverting amplifier
circuit is shown in Fig. 1.

R2

Fig. 1. The basic non -inverting amplifier
circuit.

An operational amplifier has an
extremely high voltage gain, this
being something in the order of
100,000 times for the 748C device
used in this circuit. There are
actually two inputs to an opera-
tional amplifier; the inverting ( - )
input, and the non -inverting (-F- )
one. The output voltage of the
device is equal to the difference
between the two inputs multiplied
by the voltage gain of the device.

An op -amp is a little unusual in
that it operates from a dual
balanced power supply with the
earth line being at what, in effect,
is a centre tap on the supply lines.
When the ( + ) input is positive of
the ( - ) one, the output goes posi-
tive of the earth line. The output
swings negative when the ( + ) in-
put is negative of the ( - ) one.

Practical amplifier circuits which
incorporate an op -amp rarely use
the full voltage gain of the device
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Rear view of the front panel showing how the
circuit board is positioned between SK2 and Si.

(the "open loop voltage gain"),
but use negative feedback to re-
duce the gain of the circuit as a
whole to the required level. This
gain is termed the "closed loop
voltage gain".

In the skeleton circuit of Fig. 1,
resistors RI and R2 form the feed-
back network while R3 ties the

HOW IT WORKS...

non -inverting input to the earth
potential. Under quiescent condi-
tions the circuit will balance itself
with the inputs and the output at
earth potential.

This is assured by the feedback
action of the circuit. For example,
due to the potential divider action
across RI and R2, the voltage at

The A.C. Meter Converter is basically an a.c. amplifier with a switched
gain of either 10 or 100. The gain being selected by varying the ratio of
two resistors. Thus the set-up can be used to measure low level voltages
which would be imperceptible using a standard multimeter alone.

For example, an input of 100mV would produce a very low reading with
a multimeter switched to say, the 5V range. The converter could thus
increase this value ten times to give a reading of 1V on the meter. This
would produce 1/5 f.s.d. on the meter and would thus be easier to see.
Naturally the reading is divided by ten to obtain the correct100mV reading.

aDAAlck.
041' 

ESTIMATED COST
OF COMPONENTS

£300
excluding case

Completed unit.

the negative input would be taken
above that at the positive input if
the output were to go positive for
some reason. This would unbalance
the inputs, causing the output to
swing negative, back to earth
potential.

DETERMINATION OF GAIN
This negative feedback action

also determines the closed loop
voltage gain of the circuit. Assume
that R2 has nine times the value
of Rl, and that a positive input of
1V is applied to the positive input.
The inputs will be unbalanced and
the output will swing positive, but
only by as much as is necessary to
balance the inputs once again.

In this case it must swing 10V
positive so that there is 9V across
R2 and 1V across Rl. There will
then be 1V at the ( - ) input, and
the circuit will be balanced.

It should now be apparent from
this that the gain of the circuit is
set by the ratio of Rl to R2, and is
ten times in this instance. The volt-
age gain of the circuit is equal to
RI +R2 divided by Rl.

By giving R1 and R2 switched
ratios of 1 to 9 and 1 to 99, an
amplifier with gains of 10 and 100
can be produced.
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Fig. 2. The complete circuit diagram of the A.C. Meter Converter.

CIRCUIT
DESCRIPTION

The circuit diagram of the A.C.
Meter Converter appears in Fig. 2,
When SI is in the x10 position
resistors R3 and R5 are the feed-
back network, and RI, R2, and R5
form this network with S1 set to
the x100 position. With SI in the
first position the supply is discon-
nected, and the unit is switched off.

286

Applying negative feedback to
the circuit produces an extremely
high input impedance at the posi-
tive input, and the input impe-
dance of the amplifier as a whole
is approximately equal to the value
given to R4. It is preferable for the
unit to have a fairly high input
impedance so that it only lightly
loads the test circuit. Resistor R4
has therefore been given a value
of I megohm.

Capacitor C4 is the compensation
capacitor for the i.c., and this is

The A.C. Meter Converter set-up ready for use.

Illk:=511111111CLUDIE22=1.1
t

needed to ensure stable operation
of the device. C2 and C3 are supply
decoupling components. and they
also aid stability. Cl and C5 are
the input and output d.c. blocking
capacitors respectively.

Potentiometer VR1 is an offset
null control, and is used to adjust
the output of the amplifier to earth
potential under quiescent condi-
tions. In a theoretically perfect
circuit this would not be required.

However, the 748C does not
achieve perfection, and although
theoretically no bias current
should flow into either input of
an op -amp, in practice a small cur-
rent is needed by each input.

This can upset the biasing of the
circuit causing a reduction in the
available output voltage swing, or
in an extreme case it could even
prevent the circuit working alto-
gether in the x100 mode. The
offset null control enables compen-
sation to be made for the in-
adequacies of the i.c., and ensures
that good results are obtained.

ADJUSTMENT AND USE
Variable resistor VR1 must be

adjusted before the unit is ready
for use. Start with the slider of
VR1 at about the centre of its
track and then switch the unit on
with S1 in the x10 mode. Connect
a multimeter set to read 10V d.c.
f.s.d. between the earth line and
the output of the i.c. (negative
test prod to the output). Then
adjust VR1 for zero reading on
the multimeter.

The converter is connected to
the multimeter by way of a couple
of short leads during normal use.
These leads are terminated in a
3.5mm jack plug at one end, and a
couple of crocodile clips at the
other. An ordinary screened test
lead with suitable prods is used at
the input.

This arrangement should pro-
vide a virtually flat frequency re-
sponse over the audio frequency
spectrum, and the unit has suffi-
cient output voltage swing to
properly drive a 5V f.s.d. meter
over this frequency range. In the
x100 mode though, the response
and drive capability of the unit fall
off quite rapidly above about
20kHz.

This presents no problems with
the majority of tests.
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next
month
FREE TOOL RACK

Holds four small tools. A boon for every workshop.

THE AUD1OTEST
This useful piece of equipment comprises a loudspeaker and loud-

speaker amplifier stage for testing radio receivers, record players,
tape recorders, and pre -amplifiers having an output power not ex-
ceeding 10 watts.

A simple M. and L.W. radio tuner is incorporated as a speech and
music source, and to provide entertainment in the workshop.

CATCH -A -LIGHT
A reaction game with a difference, based on six lamps numbered 1

to 6. The two players have to respond immediately a pair of lights stop
blinking and switch on that one of their own pair which is nearest the
stationary light. The first to do so is the winner, and there can be no
argument since the winning light automatically blocks the opponent's
lights.

C/R SUBSTITUTION BOX
A simple project which will be found extremely valuable when de-

signing and experimenting with circuits. Produces a variety of C and R
values immediately "on tap".

PLUSALL THE
REGULAR FEATURES

?Maws
There is a tremendous demand

every month for Everyday Electronics.
Readers are strongly urged to place a
firm order with their newsagent.
Reliance upon casual purchase is
unwise, because stocks may quickly
be exhausted. So please remember,
and take action now!

MARCH
ISSUE ON SALE

FRIDAY, FEBRUARY 17
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THERE are a large number of old
3 ohm loudspeaker drivers

available from out-of-date radio
and television receivers. It is pos-
sible to use these drivers with
modern transistor amplifiers. The
trick necessary is to use three in
series.

By selecting three different size
drivers and fitting them into a suit-
able cabinet a wide response range
loudspeaker system is obtained
having an impedance of 9 ohms.
Very good results using simple
stereo amplifiers, approximately 3
watts output, from designs pub-
lished in this and other magazines
are possible..

DRIVE UNIT SELECTION
Three different driver units

should be selected to complement
each other. All three should be fit-
ted with back spider suspension
(behind the cone) if possible.
Front spider units tend to distort
on loud signals.

First a bass unit is necessary;
an Bin or elliptical driver will per-
form well here. Select a driver
with a deep cone, because these
perform better on bass signals.
The ultimate performance ob-
tained from the loudspeaker sys-
tem depends a great deal on this
bass driver unit, so look around for
a good one.

The mid tones are well repro-
duced using either a shallow cone
8in, or a 6in unit; almost anything
will do as long as it can handle the
power (1 watt in each driver).

Finally the treble driver should
be a small loudspeaker drive unit
(with a back spider) capable of
taking the load. In general, the
smaller the driver the better it will
reproduce high notes.

No filters or crossover networks
are used. The system relies en-
tirely on- the three loudspeaker
drive units complementing each
other, the bass driver incapable of
reproducing high notes, whilst the
small treble driver will not be able
to reproduce the bass. Of course,
the middle drive unit reproduces
a little of each.

This arrangement will make the
hi-fi expert shudder, but the sys-
tem works far better than most of
the cheaper (under £50) stereo
systems on the market.

CONSTRUCTING THE
CABINET

The cabinet is very simple to
build and may be any desired
dimensions big enough to accom-
modate the loudspeaker drive
units. Biggest is best for this de-
sign, so if you wish to impress
friends with an elaborate enclosure
by all means do so.

The principle constructional
features of a cabinet to house 8in
6in and 3in units is shown in Fig.
1. The wood used is veneered chip-
board for the enclosure and block -
board for the baffle.

First calculate the size of your
baffle and remember that this
gives the inside dimensions of the
enclosure. Allow an extra 6mm
clearance on the inside measure-
ments to accommodate the loud-
speaker cloth and construction
errors.

The biockboard and chipboard
can be purchased, ready cut, from
your local do-it-yourself supplier,
who will also cut the loudspeaker
driver holes. Be absolutely sure
that these holes are smaller than
the driver to allow for fitting, but
not so small that the cone touches
the wood on its outward excursion.

CORNER BLOCKS
The "waste" from these holes is

used to make the corner pieces
in the enclosure. The optional hole
in the baffle board is not cut until

after the unit is tested and is only
of interest to those who wish to
make a pseudo reflex cabinet.

The corner pieces of the enclo-
sure are first screwed to the chip-
board and the whole unit tempor-
arily assembled to see that it fits
together, persons fitting a back
must allow for this when they posi-
tion the rear corner brackets. Once
satisfied that the unit will fit nicely
together take it apart and re-
assemble the enclosure using Evo-
Stick resin woodworking adhesive
to join the chipboard and corner
pieces.

FINISHING OFF
Finally finish the exposed chip-

board ends with "iron on" wood
veneer, obtained for this purpose
from your do-it-yourself supplier.
(An ordinary flat iron set to low
heat is used for this operation.)
Keep everything clean during con-
struction and wipe off any surplus
glue.

Finish the enclosure by lightly
rubbing with sandpaper and apply
two coats of clear polyurethane
varnish, allowing 24 hours between
coats. With reasonable care the
finished enclosure should look very
attractive.

FINISHING BAFFLE
Anyone wishing to make a

pseudo reflex cabinet should follow
the instructions given later, but
those wishing to have an open
back, or a back with holes cut into
it may finish the baffle board. First
glue a sheet of 3mm or 6mm
sponge rubber across the front.
Use ordinary Evo-Stick, and when
this is dry cut the sponge rubber
away from the round holes in
front of the drivers.

Next stretch a piece of loud-
speaker cloth right over the unit
and tack to the rear of the baffle
board. Stretch this cloth very
tightly over the sponge rubber
securing with drawing pins before
tacking, otherwise it will sag and
not look very professional.

Bolt the driver units to the baffle
and wire in series. Screw the baffle
into the enclosure using four
screws fitted from the back
through the corner pieces. The
clearance hole for the screws
should be drilled at an angle which
allows the screwdriver to be
handled easily from the rear of the
enclosure.
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EN

CORNER BRACKETS

OPTIONAL HOLE ;N
BAFFLE BOARD

FABRIC CO' ERED SPONGE RUBBER.

Materials
Baffleboard

Blockboard-508 x 280 x 19mm
Driver Units-A-6in B-3in C-8in

Enclosure
Side Panels

514 , 324 Y 19mm Veneered Chipboard (2off)
Top and Bottom

324 x 324 x 19mm Veneered Chipboard (2off)
Back -514 x 286 x 19mm Chipboard or 5 -plywood

Fig. 1, Co ,structionaE details tor a low cost lot, speaker enclosure,. The
out the size of hate- rewired to "tune" the enclosure for best responte is shown inset.

Everydau Electronics, Febivary 1970,

.0`

Fo-rt<

HOLE CUT TO
AREA d (h+w)
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BACK
Readers fitting a back or those

making a pseudo reflex unit will
follow the same procedure for the
back, except that those making a
reflex cabinet should not have com-
pleted the baffle board.

A piece of chipboard or 5 -ply is
cut to fit the rear of the enclosure
as tightly as possible. Terminals
are mounted on the back and the
loudspeaker is connected to an am-
plifier.

Play music rich in bass frequen-
cies and notice that when the back
is pushed into the enclosure it will
cause distortion and a rather
"throttled" effect. With the back
laying down, there will be a boom

on certain passages as the cabinet
resonates.

Hold the back as shown in Fig. 1
and find the "best" position. This
will not be critical but there should
be one position where the boom is
reduced, but the speakers are not
throttled.

Note the distance d, which will
be around 12mm to 50mm, pos-
sibly even less. Calculate the area
of this opening (d x h) (d x w)
to give the size of opening re-
quired, about 760 to 1270 square
millimetres is expected. Finally cut
a hole or holes in the back, equal
in area to that calculated, and then
screw the back into the enclosure
to complete the loudspeaker sys-
tem.

REFLEX HOLE
Readers making a pseudo reflex

cabinet obviously leave the back
alone and cut their hole in the
baffle board. The driver units
should be removed first, otherwise
wood dust will get into the voice -
coil air -gap and cause distortion.

Having cut the "reflex" hole the
baffle is covered with the foam
rubber and speaker cloth as de-
scribed earlier. The finished unit is
assembled and tested.

Providing the reader has selec-
ted good drivers whose cones are
clear of dust or iron filings and "on
centre", they will be pleasantly
surprised at how good and efficient
these very cheap loudspeakers will
sound.

Readers' Bright Ideas; any idea that is published
will be awarded payment according to its merit. The
ideas have not been proved by us.

THIRD HAND
During many years of radio and T.V. servic-

ing, I have never been without a small piece of
Plasticine. There is no limit to the uses it can
be put to. It may be used to hold very small
components for soldering and other items that
require that "third hand".

A small amount pressed out in a matchbox or
similar small box will hold small components,
transistors, diodes etc. and prevents them rolling
about and being damaged.

T. A. Myers, Cheshire.

STEEL WOOL
A small piece of steel wool is one item which

the constructor should not be without. It can be
very useful when soldering components to Vero -
board, a quick rub with a piece of steel wool
deans all the oxide which has formed on the
copper strips and makes soldering easier. A
second use of steel wool is for removing the
enamel coating on copper wire, a quick rub will
remove all but the most stubborn of enamels.

R. S. Patel, Leicester.

PATCHBOARD
Making a patchboard using conventional plugs and

sockets is rather expensive. A cheaper alternative is
to use a multipin plug, available from computer
panels. In use one side of the plug is wired to the
different equipment. Flexible leads from the second
lot of equipment are fitted with spade connections
which simply plug onto the appropriate pins. A simple
synthesiser could be one application.

P. gaily, Glasgow.

PLASTIC CASE
Instead of using the recommended metal case for

the Soil Moisture Monitor I used a plastic case. How-
ever I found difficulty in attaching the on/off switch,
which had a metal frame, to the plastic case. I found
that the spars used for carrying parts of a model
Airfix kit could be used.

SWITCH

SPAR

PLASTIC CASE

A short length is cut and used as a batten to affix
the metal frame to the plastic lid. The diagram shows
this more clearly.

N. J. Phillips, London N20.

PRINTED CIRCUIT BOARD
I have found an alternative to the normal types of

printed circuit board. In my version hardboard is used
as the base and strips of tin foil as the current carry-
ing conductors.

The foil is cut to the required shape and stuck onto
the hardboard, holes are then drilled as required,
and nuts and bolts fitted. The leads of the components
are then simply wound round the bolts and screwed
in. place. To prevent short circuits from occurring
insulating tape may be stuck on the underside..

V. Bennett, Surrey
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CONSTRUCTIONAL ARTICLES
All constructional articles in EVERY-

DAY ELECTRONICS are presented accord-
ing to a standard pattern. The inten-
tion is to make it easy for the con-
structor to get to grips with the
essentials.

Newcomers should note this stan-
dard arrangement, which includes the
following major sections:

Introduction; How It Works; Start
Here For Construction; Components;
and Circuit Description.

INTRODUCTION
The very first section is the Intro-

duction and is of course required
reading. The general information
given here will enable you to decide
whether the project is one that ap-
peals and has some immediate use.

HOW IT WORKS
In its own "box" (not always on the

first page, please note). How II Works
gives the reader a brief overall de-
scription of the circuit operation, and
the kind of situation in which the
project is employed. The accompany-
ing illustration is usually a combina-
tion of block diagram and pictorial
representation of some typical parts
or associated equipment or apparatus
with which the electronic unit is used.

BLOCK DIAGRAM. This is a very
simple kind of diagram, where every
important section of a circuit diagram
is represented by a block-usually a
rectangle, but some other shapes are
used for certain forms of circuitry.

For example, an amplifier stage is
conventionally indicated by a triangle,
like an arrow -head pointing to the
right. This "block" is "read" from left
to right, as is conventional in all cir-
cuit diagrams, thus the input is ap-
plied to the left-hand side of the
triangle and the output appears at the
right hand tip (see Fig. I).

The individual blocks are always
labelled so that it is quite clear what
portions or stages of the main circuit
they represent.

, -.FOR BEGINNERS

WE ARE HERE TO HELP YOU -
NO MATTER HOW NON -TECHNICAL
YOU MAYBE, JUST READ ON !

COIL OSCILLATOR

REFERENCE
OSCILLATOR

SEARCH
COIL

BEAT NOTE
DETECTOR

AMPLIFIER

EUREKA

Fig. 1. A typical block diagram. This is taken from the How It Works section of
the Treasure Locator (October 1977 Issue-back issues not available)

For brevity and simplicity, single
lines are used to show the intercon-
nections between the blocks. Arrows
are often included to show direction
of signals. These single lines must
be interpreted as meaning actually
two conductors in practice, to make
the normal kind of circuit connections.
But sometimes the connections are
depicted in full detail, as when indi-
vidual components are drawn.

EARTH SIGNS indicate a common
connection. In other words, one can
mentally link all such signs together.
This applies. equally to circuit
diagrams. (We shall be discussing
circuit diagrams in a future Square
One).

Apart from their use in How It
Works block diagrams are commonly
used to supplement circuit diagrams.
They provide an overall key to the
circuit and are especially important
and helpful when the circuit is large
and complex.

The block diagram helps the reader
to "break down" the complete circuit
into recognisable sections. thus en-
abling one to quickly understand and
find one's way around the main
diagram, no matter how involved it
may appear at first glance.

START HERE FOR
CONSTRUCTION

Having read the Introduction and
How It Works, one can move on to
the Constructional Details.

This part of the text (well sign -
posted with an arrow head) describes,
step by step, the building of the pro-
ject. The accompanying illustrations
showing the construction and
assembly in detail must be carefully
studied as well. They provide a com-
plete blueprint for the constructor
to follow. Every component and every
connection is shown. So all you really
have to do is follow the illustrations!

COMPONENTS
Before any building can commence,

the necessary components and other
items must be obtained. This brings
us to the final essential department
in our constructional articles-Com-
ponents. This provides a complete
list of all you will require. Note care-
fully any reference to Shop Talk,
since this regular feature enlarges on
particular shopping matters, suggest-
ing sources of supply, or possible
alternative types in light of current
experience concerning availability
and so on.

CIRCUIT DESCRIPTION
So now you are all set to go ahead.

However, if you really are interested
in electronics you are bound to read
the Circuit Description- -sooner or
later. Although this is by no means
essential before starting on your very
first project. Good luck!
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How about an electronic door chime
that greets your caller with

Oranges and Lemons, Rule Britannia,
or Colonel Bogey-or any one from
twenty-four jingles available at the
turn of a switch? This is not all, how-
ever; a second bell -push can be fitted
and a different tune allocated to it so
you know instantly whether your
caller is at the front or the back door.

All of this comes in the form of one
small compact self-contained unit,
housed in a white plastic case with

removable panels giving access to the
batteries and to the controls. The
latter consist of the two tune -selector
controls, providing a choice from the
total repertoire of 24 tunes, a tempo
(or speed) control, a tone control, and
a volume control.

This then is the Chroma-Chime,
which first appeared on the market
last summer.

The Chroma-Chime is powered by
two PP3 batteries and under average
conditions a life of at least one year

is obtainable before replacement is
necessary.

As well as the ready-made unit, the
Chroma-Chime is now also available
as a kit for the home constructor.
Before we discuss this kit, a few words
about the Chroma-Chime in general.

A MINICOMPUTER
How is this all achieved in such a

small (and deceivingly simple) unit?
The answer is-a microprocessor,
which forms the heart of the Chroma-
Chime circuit.

Microprocessors are the very latest
technological development and they
are now beginning to play a very sig-
nificant role in electronics. Most of
their applications so far have been in
industrial equipment but they have a
great future in the consumer area.
The Chroma-Chime is amongst the very
first of microprocessor -based products
designed especially for the domestic
market. It is a point of especial
interest that this instrument has been
designed by a British Engineer.

The Chroma-Chime designer con-
ceived the general idea and then com-
piled the necessary programme, using
his extensive experience with conven-
tional full-size digital computers. The
resultant programme was then im-
planted into the mini -computer chip
during manufacture by Texas Instru-
ments. The uniquely programmed chip
is given its own identification mark.

This is a typical example of how a
custom -designed dedicated micropro-
cessor is originated. Dedicated means
that the microprocessor is assigned
one particular task (which may be
extremely complex) and will perform
that task once it is fitted into the
appropriate circuit with (usually) a

Fig. 1. Block diagram of the Chroma-Chime electronic doorbell.
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The above photos are reproduced from the
Chroma-Chime assembly Manual.
Top: Breaking off the i.c. socket retaining
strips after wiring has been completed.
Bottom: Soldering the battery contacts onto
the p.c.b.
Our heading picture shows the complete
kit of parts for the Chroma-Chime.

number of additional standard com-
ponents including, probably, discrete
semiconductors or other integrated
circuits.

To most users, including construc-
tors, the microprocessor can be con-
sidered as just another building block.
We don't have to know anything about
its internal organisation. But if we
are project or equipment designers
then an intimate knowledge of the
microprocessor is necessary in order
to design the surrounding or peri-
pheral circuitry (just mentioned
above) to complete the entire project.

As a matter of general interest, the
microprocessor used in the Chroma-
Chime is Texas Instruments type
TMS1000 (CS107-01/MP0027A). This
device (MPU in Fig. 1) is actually a
minicomputer, because it includes in
the single chip in addition to the pro-
cessing unit (MPU), a 256 bit Random
Access Memory (RAM) and a Read
Only Memory (ROM) with 1,024
Bytes. In the latter is permanently
stored a complete set of instructions
needed to digitally encode each of the
24 different tunes. There is a total of
318 notes in the program.

The block diagram (Fig. 1) shows
the general arrangement of the
Chroma-Chime. The control, envelope
shaping, audio amplifier and electronic
switch sections are built up from con-
ventional discrete components.

HOME CONSTRUCTION KIT
The Chroma-Chime is available as a

kit, and apart from an appreciable
saving in money compared with pur-
chasing a factory built unit, the
assembly of this kit is a rewarding
exercise for the amateur for it pro-
vides him with his first experience in
handling a microprocessor and also,
of course, a lasting object he can take
pride in. The sound of the Chroma-
Chime is bound to provide comment
from every new visitor. What better
way to den-Constrate one's ability as
an electronics enthusiast!

Here we are dealing with one of the
very latest developments in micro-
electronics. Yet the constructor need
have no fears about tackling this pro-
ject, provided he has already handled
a lightweight soldering iron and has
a general awareness of components
and how one assembles them on to a
printed circuit board.

If necessary, a short soldering
practice session making wire connec-
tions to a few pins or small nails
tapped into a small block of wood
would be a wise precaution and pro-
vide confidence to go ahead.

There are two good reasons for
recommending this kit to the average
constructor.

First, the "mechanical" design is
well planned. All parts (other than
the loudspeaker) are mounted on one
printed circuit board. This is clearly
marked with the location for every
part.

Second, the assembly manual pro-
vided with the kit is an excellent
guide. It explains everything in clear
language and close-up photographs
show in detail various stages in the
assembly. No one need ever feel lost
if constant reference to the manual
is made during the actual assembly
work. A technical description and
complete circuit diagram are also in-
cluded.

The few tools required are listed in
the manual. A further point might be
made in connection with the soldering
iron. This must be a miniature instru-
ment, with a rating of 10-30 watts.
The bit size is crucial. The manual
advises a bit of less than rein (3mm)
at the tip. We suggest one of 112mm.
as we used when assembling our
sample kit, though a 2mm bit should
be quite suitable. (A somewhat
larger bit could be an advantage
when soldering the battery contacts
since here comparatively large areas
are involved. A 3mm bit is ideal for.
this purpose).

Multi -core solder (22 s.w.g.) is pro-
vided, in more than sufficient quan-
tity for the entire operation.

ASSEMBLY WORK
The first step should be a careful

reading of the entire manual. Then

one will have acquired a good overall
appreciation of the task ahead.

Organise your workplace. Unpack
the components, carefully checking
each item against the list in the
manual. Familiarise yourself with
each component.

Be especially careful when examin-
ing the semiconductors. The transistor
leads are identified in a chart in the
manual, but earlier versions of the
manual contained an error concern-
ing the pin configuration for the tran-
sistors type BC172 and BC327. This
was rectified by an amendment slip
enclosed with our sample.

Alternative types of transistor may
be supplied with some kits, but all
should be clear from details in the
manual.

The miniature diodes need careful
scrutiny to establish their polarity, the
identification marks being very small.

We would suggest that during the
assembly and soldering operations
the p.c.b. is placed on a soft pad,
such as a folded cloth, to retain the
p.c.b. in position and also to prevent
damage to components.

Follow the instructions precisely,
checking and double checking the
identity and position of each compo-
nent as it is mounted on the board.

Soldering is a task calling for the
utmost care and concentration. The
manual gives the sound advice that
the soldering iron should not remain
in contact with a semiconductor for
longer than 5 seconds. This is a sound
rule to follow in general, for all solder-
ing operations.

Once the p.c.b. is completed, the
remaining work is straightforward, all
items fitting into their allotted places
in the plastic case. After installing
two PP3 batteries the unit is ready
for testing according to the procedure
given in the manual. If you haven't
made any mistakes the Chrom a -Chime
will burst forth with tune A3, which
is Beethoven's 5th Symphony theme.
But if, perchance, nothing happens
at first the manual gives a detailed
checking routine to follow.

A separate leaflet provides full
Installation and Operating Instruc-
tions.
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The Extra
ordinar

Experi-

of
ment5

Profess
Ernes

Everbure
by Finthony John Bassett

LAST
month the Prof. and two of

his friends, Lilian Whiteley and
Dr. Angus R. Paterson, together
with Bob discussed an experiment
that they were going to carry out
with the radiaesthetic preamplifier
that Lilian had brought along to
the Prof's laboratory.

We join them this month with
Bob helping to set up the experi-
ment.

SETTING UP THE
EXPERIMENT

Bob secretly chose one of the
five different substances which the
Prof.'s experimental robot had
supplied and placed behind an
opaque screen arranged to divide
one of the work -benches in the
laboratory as shown in Fig. 1.
Under cover of the opaque screen
he tipped a small sample of the
chosen substances on to the small
copper plate attached to the input
of the preamplifier, as the Prof.
had instructed.

"Ready" he announced, and
Lilian began to swing her small
Perspex pendulum above the
copper plate attached to the output
of the preamplifier by way of a
screened lead extending past the
opaque screen. After a few
moments she announced, to Bob's
amazement :

"You forgot to switch on the
preamplifier, Bob."

"How did you know that?" he
asked,

"It has a completely silent on/
off switch!"

"Because the action of the pre-
amplifier considerably modifies the
responses I get when swinging the
pendulum above the output plate;
ah, that's better!" she informed
him as he switched the preampli-
fier on, "now I will be able to let
you know which one of the five
substances you have chosen."

Bob watched fascinated as
Lilian swung the small Perspex
pendulum alternatively over the OPAQUE

output plate, and over each of the
five reference samples which the
robot had supplied. These were

WORKBENCH

PRE -AMPLIFIER
SAMPLE " -----

COPPER -T/
PLATE

separate samples of the same five
substances, each consisting of a
small heap of the substance on a
sheet of paper numbered to corres-
pond with the container from
which the samples had been taken.

Lilian carefully adjusted the
effective length of the pendulum
by rolling the thread up on the
plastic rod, or by releasing it, until
at a certain length adjustment, she
observed that the pendulum would

,COPPER
PLATE

Fig. 2. The various parts of
the Radiaesthetic Amplifier
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gyrate, swinging in horizontal
circles, over the output plate and
also when swinging above a par-
ticular one of the samples. Over
the other four samples, however,
it did not gyrate but simply swung
back and forth.

"It's Number 3!" she announced.
Now Angus, who had been

quietly watching this procedure
together with the Prof., secretly
changed the samples on the input
plate of the preamplifier.

EXPLANATION
"Will you explain to us just how

you arrive at this conclusion?" he
asked.

"Certainly, Angus", Lilian
agreed obligingly.

"I have the pendulum adjusted
to a certain length so that when I
swing it over samples 1, 2, 4, 5, I
just start it swinging back and
forth then let it take its course.
It just continues to swing back and
forth. But when I swing it over
sample Number 3 a dowsing re-
action becomes evident, through
my own nerves and muscles, caus-
ing the pendulum to change from
back and forth oscillation to a
horizontal gyration.

I don't try to make it gyrate,
just start it swinging back and
forth, then let it take its course to
either continue back and forth, or
else change to gyration. By chang-
ing the length of the pendulum I
can adjust it so that it will gyrate
in this manner over any one of the
sample, each at a different length.

"Now I can make tests by swing-
ing the pendulum over the output
plate of the pre -amplifier. The
influence of the sample on the
input plate is boosted by the pre-
amplifier and passes along the
centre wire of the screened cable,
becoming evident by pendulum
indicated neurophysiological re-
actions over the output plate.

"This is how I discovered that
Bob had placed a sample of sub-
stance Number 3 on the input
plate. I have adjusted the pendu-
lum to gyrate over my reference
sample of substance Number 3,
then when I swung it over the out-
put plate it also gyrated."

ANOMALOUS RESULT
Lilian once again swung the

pendulum over the output plate,
but it failed to gyrate -and just
continued back and forth.

."Angus!" she looked at him
suspiciously, "you have removed
the sample!"

She continued to make tests,
swinging the pendulum alterna-
tively over the output plate and the
various samples, until at a certain
length it would gyrate over either
the output plate, or over one of
her reference samples, but not
over the others.

"It's Number 1!" she announced.
"You changed the sample on the
input plate from Number 3 to
Number 1!"

"That's right", said Bob, "the
sample I first put on the input
plate was from container Number
3 -and I can see that now a sample
from container Number 1 has been
substituted. But Prof.," he re-
marked, "this is amazing! I do not
understand it; we have not learned
anything like this at school. What
I want to know is what does
the preamplifier do, for a start? If
the influence will travel along a
wire why not just have a length of
wire with a copper plate at each
end and no preamplifier in
between?"

"No sooner said than done!"
To be continued

TV GAMES
AY -3-8500 £5.95.
AY -3-8550 £9  95.
AY -3-8600
E1395. 4.43MHz
crystals £1 -55.
Black and white
TV parries kits: -
standard model £11 .95. Economy model
£6.95. Colour TV games kits: -standard
£19-45. Economy £1445. Colour gen-
erator kit adds colour to most black and
white games £7.50. Rifle kit £4,95. Send
sae for giant free data leaflet.
NEW COMPONENT SERVICE
resistors 5% carbon E12 10 to 10M. IW
14p. 1W 3p. preset pots subminiature
0-1W 100 to 4M7 9p. Potentiometers
5W 4K7 to 2M2 log or lin. Single 30p.
Dual 95p. Polystyrene capacitors
Et2 63V 22pf to 320051 3;;p. Ceramic
capacitors 50V E6 22p1 to 47000pf 3p.
Polyester capacitors 250V E6 -01 to
-1mf 5Ip. .15, -22,- 33mf 7p. -47 11p.
Electrolytics 50V  47, 1, 2rrif 5p. 23V 5,
lOmf 59. 16V 22, 33, 47mf 6p. 100mf 7p.
220 330 9p.470 11p. 1000mf 18p. Zener
diodes 400 mW E24 3V3 to 33V Sip.
MAINS TRANSFORMERS
6-0-6V 100ma 94p. 5-0-9V 75ma 94p.
12-0-12V 50ma 94p. 13V IA £1.10.
6-3V 1I -A E1 -ES. 6-3V liA £1-99. 6-0-6V
i;A £2-35. 9-0-9V 1A £1.99. 12-0-12V
1A £2-49. 15-0-15V IA £2-79. 30-0-30V
IA £3-59. 9-0-9V 2A £2-50.
PRINTED CIRCUIT MATERIALS
PC etching kits:- economy £1.70.
Standard £3.82 50 sq ins pcb 40p. lib
Fedi £1.05. Etch resist Dena:- economy
45p. Delo 83p. Small drill bit 20p.
Laminate cutter 75p. Etching dish 685.
5-DECS AND T-DECS.
S-DeC £2-23.
T-DeC £3.98.
u-DeCA £3.97.
u-DeCB £6.67.
16 dil adaptors: -
plain 99p. With
socket £1 .91.
New S -de -kit £495.
FERRANTI ZN414
IC radio chip £1 -44. Extra parts and pcb
for radio £3-85. Case £1. Send sae for
free data.

SINCLAIR PRODUCTS=
Cambridge scientific progra^-2-bie
calculator E13-95. Prog library £4 -95 -
Mains adaptor £3.28. Cambrzficte
scientific £8-45. Orford scientific
£16 -Se. Enterprise £8-95. President
£1695. POltn digital multimeter
£1595. Adaptor £3-24.
131-PAK AUDIO MODULES
$450 tuner £21 -65. ALSO £4-86. PA100
£1495. AIK60 audio kit £3645. Stereo
30 £1795. SPM80 £3-75. BYIT80 £5-95.
Send sae for free data.
JC12, JC20 AND JCS,. AMPLIFIERS
A range of
integrated circuit
audio amplifiers
supplied with
free data and
printed circuits.
JC12 6 Watts £1-95. JC.20 10 Watts
£2.95. JC40 20 Watts £4.20. Send sae
for free data on all 3 models.
BATTERY ELIMINATOR
BARGAINS
TV games power unit stabilized
7-7V 100ma £3.25. 3 -way models with
switched output and 4 -way multi-jack:-
3/4i/6V 100ma £2.92. 6f71,l9V 15Orna
£3-30. 100ma radio models with press
stud connectors. 9V £265. 6V £2.85.
4W £2.65. 9V-i-9V £4S0. 6V -I -6V £4-50.
41V+4I-V £4.50. Cassette recorder
mains unit 7W 100ma with 5 pin din
plug £2.85. Fully stabilized model
switched output of 31617if9V 403ma
stabilized E6-40. Car converters 12V
DC input. Output 9V 300ma £1 -89. Out-
put 7pV 300ma 1E1 -SO.
BATTERY ELIMINATOR KITS
Send sae for tree leaflet on range.
100ma radio types with press stud
battery terminals. 4iv £1E0. 6V £1-110.
9V £1.80. £2.50. 6V-i-6V
£2.50. 9V+9V £2.50. Cassette type
73-V 100ma with din plug £1-80. Tran-
sistor stabilized E.way type for low
hum. 3/44/6/4/9112/15/18V. 100rna £3-20
lAmp £6.40. Heavy duty 13 -way types
45/6/7/81f11/13,14/17/21/25/28/34/42V.
Amp £4E5. 2 Amp £7-95. Car conver-
tor kit input 12V DC. Output 6/7519V
DC IA transistor stabilized £1.95.
Stabilized power kits 3-18V 100ma
£3-60. 3-30V 1A £9.95.3-60V 1A £10.95.
3-60V 2A £13-95.

SWANLEY ELECTRONICS
DEPT. EE. PO Box 68, 32 Goldsel Rd., Swanley, Kent BR& 8TQ

Mail order only. Please add 30p to total coat of order for postage. Prices include
VAT. Overseas customers deduct 7% on items marked *and 11% on others. Official
credit orders welcome.

Fit a
new tape head

and transform the
performance of

your tape
recorder

B24 -RP stereo cassette glass/ferrite record/playback £9.84
812-01 mono cass. playbk. £1.60 824-Q1 stereo cass. piaybk. £2.80

A28-05 stereo 8tk cartridge £1.80 E12-09 stereo/mono cuss. erase £1.80

5/7 Church St, Crewkerne, Som. Tel. (0460) 74321

CATALOGUE/ORDER FORM
SEND S A E

500+ Top quality Transis-
tors, I.C's, Resistors, Capacitors, Plugs/

Sockets, Veroboard/cases, Indicators, Knobs,
Switches, Wire and Books at prices you can afford.

741 555 TIL209 IN4001
ONLY

3013

ONLY

50P
ONLY

15P
ONLY

All prices include VAT.

Name

P&P FREE over £2.

Address

Oct on ACC up uour stem!
ACE MAILTBONIX LTO

WEE foetal Street
Walg,field.W.Yorkshat WEI 5JR
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A GE cannot wither her, nor custom
rkstale, her infinite variety. Naturally
all our readers know that this was
written by a lad called Will Shake-
speare about an Eygptian dolly called
Cleopatra, but seeing it quoted the
other day made me think what an apt
description it was of the electronics
hobby, especially the "infinite variety"
bit! Just consider the range of projects
that EVERYDAY ELECTRONICS has offered
you.

In addition to all this, there is the
wonderful prospect of branching out
and experimenting on your own. In
other words to be an inventor.

The first requisite of an inventor is
to be inquisitive. I well remember at
school we had a dear old chemistry
master who told us, if you put A on B
hydrogen would be produced, or X on
Y would produce carbon dioxide.
Being incorrigible even at that early
age, I wanted to know what happens
if I put A on Y or B on Xl

As the dear old gentleman would
often leave us for long periods alone
in the laboratory I was able to indulge
my whims and carry out such unique
experiments as dropping large lumps
of sodium down the school drains.

The school was rebuilt many years
ago and I suffered only from slightly
singed eyebrows.

However, the readers of this
magazine are more sensible and better
informed and I am convinced we have
many a lurking Edison or Marconi
among their ranks.

Waiting To Be Invented
Do not be put off by the dismal

Jimmys who tell you there is nothing
left to invent. Professor George
Russell Harrison, in his book Atoms
in Action explodes this theory. He
quotes two examples of urgent need.

One, a source of portable power,
something the size of a match box,
two ounces in weight, that would give
out the power of a twelve -volt car
battery. Invent that, and you would
put the oil sheikhs in the dole queue
overnight.

Two, the perfect insulator. An idea
was seriously considered several
years ago to pipe electricity across
from Norway, where they have an
abundance due to unlimited water
power. It was abandoned because

there was no suitable insulating
material.

Without delving too deeply into the
intricacies of the problem, the losses
in the cable would amount to about
1,000 volts per mile. The distance
across from Norway to England at the
nearest points is 600 miles. To have
anything left say, at Newcastle, it
would need to leave Bergen with a
pressure of 600,000 volts and no
insulating material has yet been made
that can stand up to that voltage.

I expect I should qualify this,
because I have no doubt an insulating
material has been made with this
capability but, as you will appreciate
it must also be a viable proposition to
produce it commercially.

The Kitchen Table
I often wonder what conditions

most of you work under. Some no
doubt have a spare room, beautifully
converted, some a corner in the
garage and some work on the kitchen
table. It is pure guesswork, but I

would say the latter were by far the
largest group. This method poses
problems, at the most inconvenient
moment, Mum wants to lay for dinner.

For two or three years I have been
toying with the idea of a table top
bench come work shop that you would
lay on the table and immediately
have everything to hand, Soldering
Iron, Tools, Mains, Aerial and Earth,
but as soon as you received the signal
to scram, you picked it up by the
handle, stuck it in the corner of the
garage until the washing-up was
completed. I was therefore most
interested to see the review of an
electronic workshop, in EVERYDAY

ELECTRONICS last month. I con-
gratulate the firm concerned on their
enterprise in meeting a definite need.

JACK PLUG & FAMILY...
THAT FIND -THE -PAIR ELECTRONIC GAME THAT YOU

CAN FRUSTRATE YOUR FRIENDS WITH LOOKS AS
THOUGH IT'S GOING TO BE GREAT FUN.

YES, ALREADY YOUR FATHER IS THOROUGHLY ENJOYING
HIMSELF FROM THE_
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The Sinclair PDM35.
A personal digital multimeter for only £29.95

Now everyone can afford to
own a digital multimeter

A digital multimeter used to
mean an expensive, bulky piece of
equipment

The Sinclair PDM35 changes
that. It's got all the functions and
features you want in a digital
multimeter, yet they're neatly
packaged in a rugged but light
pocket-size case, ready to go
anywhere.

The Sinclair PDM35 gives you
all the benefits of an ordinary digital
multimeter - quick clear readings,
high accuracy and resolution, high
input impedence. Yet at £29.95
(+8% VAT), it costs less than you'd
expect to pay for an analogue meter!

The Sinclair PDM35 is tailor-
made for anyone who needs to make
rapid measurements. Development
engineers, field service engineers,
lab technicians, computer specialists,
radio and electronic hobbyists will
find it ideal.

With its rugged construction
and battery operation, the PDM35 is
perfectly suited for hand work in the
field, while its angled display and
optional AC power facility make it
just as useful on the bench.

What you get with a PDM35
31/2 digit resolution.
Sharp, bright, easily read LED
display, reading to ±1.999.
Automatic polarity selection.
Resolution of 1 mV and 0.1 nA
(0.00014A).
Direct reading of semiconductor
forward voltages at 5 different currents.
Resistance measured up to 20 Mil.
1% of reading accuracy.

Operation from replaceable battery
or AC adaptor.
Industry standard 10 Mt 1 input
impedance.
Compare it with an
analogue meter!

The PDM 35's 1% of reading
compares with 3% of full scale for a
comparable analogue meter. That
makes it around 5 times more
accurate on average.

The PDM35 will resolve 1 mV
against around 10 mV for a
comparable analogue meter - and
resolution on current is over 1000
times greater.

The PDM35's DC input
impedance of10 Milis 50 times
higher than a 20 ki 1/volt analogue
meter on the 10 V range.

The PDM35 gives precise
digital readings. So there's no need to
interpret ambiguous scales, no
parallax errors. There's no need to
reverse leads for negative readings.
There's no delicate meter movement
to damage. And you can resolve
current as low as 0.1 nA and measure
transistor and diode junctions over
5 decades of current.

Technical specification (+8`c VATI

DC Volts (4 ranges)
Range:1 mV to 1000 V.
Accuracy of reading 1.0% -±1 count.
Note:10 M i i input impedance.
AC Volts (40 Hz -5 kHz)
Range:1V to 500 V
Accuracy of reading:1.0% ± 2 counts.
DC Current (6 ranges)
Range: l nA to 200 mA.
Accuracy of reading: l.0% ± 1 count.
Note: Max. resolution 0.1 nA.
Resistance (5 ranges)
Range: 111 to 20 Mt 1.
Accuracy of reading: l.5% ± 1 count.
Also provides 5 junction -test ranges.
Dimensions: 6 in x 3 in x 11/2 in.
Weight: 61/2 oz.
Power supply: 9 V battery or
Sinclair AC adaptor.
Sockets: Standard 4 mm for
resilient plugs.
Options: AC adaptor for 240 V
50 Hz power. De -luxe padded
carrying wallet. 30 kV probe.
The Sinclair credentials

Sinclair have pioneered a whole
range of electronic world -firsts - from
programmable pocket calculators
to miniature TVs.The PDM35
embodies six years' experience in
digital multimeter design, in which
time Sinclair have become one of
the world's largest producers.
Tried, tested, ready to go!

The Sinclair PDM35 comes to
you fully built, tested, calibrated and
guaranteed. It comes complete with
leads and test prods, operating
instructions -and a carrying wallet. And
getting one couldn't be easier. Just fill
in the coupon, enclose a cheque/ PO
for the correct amount (usual 10 -day
money -back undertaking, of course),
and send it to us. 

Sinclair Radionics Ltd, London Road,
St Ives, Huntingdon, Cambs., PE17 4HJ,
England. Regd No: 699483.

To: Sinclair Radionics Ltd, London Road, St Ives, Huntingdon, Cambs., PE17 4HJ.
Please send me (qty) PDM35(s)
4203.00 (inc £2.40 VAT and 65p P&P)

I each.
qty) De -luxe padded

carrying case(s) £3.00 (inc VAT
and P&P) each'
--(qty) AC adaptor(s) for
240 V 50 Hz power (ibL3.00
(inc VAT and P&P) each.
I enclose cheque/PO made payable
to Sinclair Radionics Ltd for
(indicate total amount)
I understand that if I am not completely

tisfied with my PDM35, I may it
within ten days for a full cash refund.

Name

Address

EE 2

World leaders in fingertip electronics
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0
MULLARD UNILEX
A mains operated 4 + 4
stereo system. Rated one
of the finest performers
in the stereo field this "E.
would make a wonderful gift
for almost any one in easy -to -
assemble modular form and
complete with a pair of Plessey
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 114.00
including VAT and postage.

MULLARD AUDIO AMPLIFIERS
All in module form, each ready built complete with heat
sinks and connection tags, data supplied. Model 1153

500mW power output £1 .50 inclu-
ding Post & VAT.

n Model 1172 IW, power output
£1.85 including Post & VAT.
Model EP9000 4 watt power out-
put 2290 including Post & VAT.
EP 9001 twin channel or stereo pre -
amp. E2  90 including Post & VAT.

ROOM THERMOSTAT
Famous Satchwell. elegant design, intended for
wall mounting. Will switch up to 20 amps at
mains voltage, covers the range 0  30"C. Special
snip this month £3-00 post and VAT paid.

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.

MICRO SWITCH BARGAINS
Rated at 5 amps 250 volts. Ideal to make
a switch panel for a calculator and for
dozens of other applications.
Parcel of 10 for £1 .00. VAT and post
Paid.

A

RADIO STETHOSCOPE
Easiest way to fault find, traces,
signal from aerial to sneaker, when
signal stops you've found the fault.
Use it on Radio. TV, amplifier,
anything. Kit comprises transistors

and parts including probe
of'. tube and twin stetho-set.

1395 VAT and postage inc.

 M ULTISPEED MOTORS
Six speeds arc available 500. 850 and 1.100
r.p.m. and 7.000, 9.000 and 11,000 r.p.m.
Shaft is I" diameter and approximately 1"
long. 230/240v. Its speed may be further
controlled with the use of our Thyristor con-
troller. Very powerful and useful motor size
approx. 2" dia. x 5" long. Price £2-00
including Post & VAT.

RECTANGULAR HOT PLATE
Aluminium panel with ridged top and
angled underneath to strengthen it.

This is approx. 10" x 4f- of flat plate.
Beneath plate is 100w element
and sensor switch which will
maintain the surface of the
plate lust too hot to touch.

With leads and tages. This is
ideal if you are making up a food

warmer or for an airing cupboard,
etc. Price El - 03.

HUMIDITY SWITCH
American made by Ranco. their type
No. J11. The action of this device
depends upon the dampness causing
a membrane to stretch and trigger a
sensitive microswitch adjustable by
a screw, quite sensitive -breathing on it
for instance will switch It on. Micro 3 amp
at 250v AC. Overall size of the device
approx. 38" long. I" wide and If " deems. 75n.

A

MAINS RELAY"
With triple 10 amp changeover con-
tacts --operating coil wound for 230
volts AC, chassis mounting, one screw
fixing. ex unused equipment 80p each.
post and VAT paid.

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 El  90
-crystal earphone 55p including
VAT and postage.

BREAKDOWN PARCEL
Four unused, made for computer
units containing most useful com-
ponents, and these components
unlike those from most computer
panels, have wire ends of usable

.14 length. The transistors for instance
have leads over " long -the diodes
have approx. leads.

List of the major components is as follows: -17 assorted
transistors -38 assorted diodes -60 assorted resistors
and condensers -4 gold plated plugs in units which can
serve as multipin plugs or as hook up boards for ex-
perimental or quickly changed circuits (note we can
supply the socket boards which were made to receive
these units). The price of this four units parcel is £1
including VAT and post (considerably less than value
of the transistors or diodes alone) DON'T MISS THIS
SPLENDID OFFER.

FLUORESCENT TUBE
I NVERTOR
For camping -
car repairing -
emergency light-
ing from a 12v
battery you can't
beat fluorescent
lighting, it will
offer plenty of well distributed light and is economical.
We offer invertor for 21" 13 watt miniature tube for only
E3  75 with tube and tube holders as well.

TEACH IN

PP3 /PP9 REPLACEMENT
MAINS UNIT
Japanese made in plastic container
with leads size 2" x lf" 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 loading of up to 100mA.
£2-53.

MAINS TRANSISTOR PACK
Designed to operate transistor sets and amplifiers.
Adjustable output 6v., 9v., 12 volts for up to 500mA
(class B working). Takes the place of any of the following
batteries: PP1. PP3, PP4, FPO, PK. PP9 and others.
Kit comprises: mains transformer, rectifier, smoothing
and load resistor. condensers and instructions. Real
snip at only £1 -50. Postage 50P.

DRILL CONTROLLER
Electronically changes speed

from approximately 10 revs to
maximum. Full power at all
speeds by finger-tip control.
Kit includes all parts. case.

Start right away. Order the
part for this series -send £3
deposit and £2 monthly for
5 months or £12 cash. Past

lessons also available.

EXTRACTOR FAN
Ex computers -made by Woods
of Colchester, ideal for fixing
through panel -reasonably quiet
running -very powerful 2500
rpm. Choice of two sizes 5" or
64" dia. £4-43. and £6.

SPIT MOTOR WITH CARTER G1 BOX

in very high Priced cookers, however

Probably one of the best spit motors
made. Originally intended to be used

Fthis can be put to plenty of other uses,
for instance your garden barbeque or to

drive a tumbler for stone polishing; in fact there are no
ends to its uses. Normal mains operation. £4.32 inclu-
ding POST & VAT.

LATCHING
RELAY

by Guardian Electric. mains operated it is in fact two
relays mounted on a metal base plate. The relays being
mounted in such a way to ensure that when one closes
the other opens and vice versa thus when closed relay
A would remain locked until manually released or
electrically released by energising relay B. Each relay
has 2 sets of 10 amp changeover contacts. Should be
ideal for burglar alarms and similar applications £211.

TERMS:
Cash with order -prices includes VAT and carriage
unless stated but orders under £6 must add 50p to offset
packing etc.
BULK ENQUIRIES WELCOMED. Phone 01-6881833

everything and full instructions.

"
I 1111

45 including post AT. (Dept. EE), 103 TAMWORTH RD.Made up model -00 extra.

CROYDON CR9 1SG

. BULL (ELECTRICAL) LTD

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 interest-
ing list and it's free -just send S.A.E. Below
are a few of the Bargains still available from
previous lines.

FM Tuner and decoder, two very well made (Japan)
units, nice clear dial, excellent reproduction £9.95
the pair f.1-25 VAT.

12 Volt Heavy Duty Relay, plug in type has three pairs
of 10 amp changeover contacts. A transparent dust
cover, price £1 + Sp, suitable 11 pin base 27P + 2p.
4 Changeover Mains Relay, upright mounting with
perspex type dust cover, the really interesting feature is
4 sets of 10 amps changeover contacts price £1-62 +
12p.
12 Volt Pump. Designed we believe as a bilge pump. this
is 12 volt AC/DC motor coupled by a long enclosed
shaft to a submersible pump. Suitable for water or most
any fluids. Price £1 -70. Post 80p.
Just arrived. Fruit machines. working order very
imoressive choice of several but very heavy so you must
collect. £50.
High Load 24 Hour Clock Switch, made by the famous
AEG Company for normal mains but with clockwork
reserve has load capacity of 80 amps at 240v 50hz.
Therefore suitable for dealing with large loads of say
shop lighting, water heating. storage heaters etc. etc.
Has triggers for on and off once per 24 hours but extra
triggers will be available. Price LI -SO per pair Size of
clock approximately 8" x 5' x 5", totally encased
but has lift up flap for ease of altering switching times.
Price. new and unused £10.65 or used but guaranteed
o.k. £6.50.
Enclosed 24 Hour Clock. with contacts for breaking
10-12 amps at 240 volts. This one has two sets of on!
off per 24 hours, Price 17'00.
Smiths 24 hr. Timers -Heart only, with over -ride similar
to those used in the auto set etc. £4  75 38P.
Ditto but in grey plastic wall mounting case, with leads
ready for attaching to plug and socket. price 16-98.
Light Dimmer. our timer module with small mods makes
an excellent light dimmer. Contains a 4 amp 400v
SCR so it should be suitable for loads approaching
IkW. Price of module with variable resistor and in-
structions 12.25.
Push Pull Solenoids, mains operated solenoids which
will push as well as or instead of pull. Very heavy duty
estimate this at 201bs push or pull 14 x 35" x 4"
made Magnetic Devices Co. £750.
Flashing Lights, chasing lights, random flashes, strobe
effects etc. etc. can easily be achieved using our disco
switches and with Christmas lust around the corner
You can do something special for your home or business.
These switches are offered at approximately one -fifth
of their proper price are ex -equipment but guaranteed
Perfect and supplied with an adaptor suitable for
mains working. To get some idea of the loading
number. each switch is 10 amp which is approx 21:kW
so the 6 switch model could handle over 12kW's. For
the light pipe or Catherine Wheel effect we suggest 12
switch model. interconnecting the switches to give
fastest speed. 6 switch model £5. 9 switch model
£9-75. 12 switch model £6-20. Also add 50p post
per switch. If you want the light pipe diagram please
request this.
Always In Stock. Turntables with pick -UP lift, ideal for
disco's at EH -95. post £2.25. We are also expecting
some professional belt drive type at £25. Call or ring
us for more information.
Reed Switches. standard 60 watt glass type. Normal
oven contacts glass lengths r diameter 3/16" 10 for
Et - So, 100 for £8 + 64p, 1000 for £65 + £5-20.
Flat Reed Switches, for stacking. sweater quantity in
confined space. Price 50p each -- 4p.
Single Ended Types for Jobs where it is not easy. to
bring a lead to each end 75p each. All these switches are
normally open but can be biased to a normally closed
position by fitting a magnet adjacent. The reed switch
would then be opened by a magnet of opposite polarity
being bought up to it.
Ceramic Magnets suitable for operating reed switches.
central fixing hole. 10 for £1.
Music Centre Transformer 12-0-12 at I amp and 9 volt at
5 amp. Normal primary, upright mounting, impregnated
and varnished for quiet operation. Price £2.95. Post 54p.
'W' Shaped Fluorescent Tubes for porch light. box
signs or where you want light evenly spaced over a
confined area of approx. 10" x 10'. 30 watts, made by
Philips price £1 .60. Post 54p.
Plinth for BSR Record Player stilt available at the
record price of 95p + 12p. This is excellent value but
unfortunately being a bulky and delicate item the
postage has to be £1 -50 4- 12p so this is obviously Only
a bargain for callers.
Our Smokey Cover can be used with the above plinths.
four small locating pins are fitted to the motor board.
Size approx 12j" x 141". Price £250 ± 32p Post
12.00 1- 16p.
Extension Speakers 8 ohm 4.5 watts handling power.
We have 5 or 6 different models in stock. cheapest
being the Partytime at 1395 each, again only really
a bargain for callers as postage is £1.50 per speaker.
T.V. Monitor. an item for callers. believed to be in
good working order, switchable thro' 405-525 & 625.
21" tube line systems, normal controls, volume.
brightness, contrast. width etc. Price £16-20. 12" model
£18, suitable for conversion into special purpose
scope. etc.
Auto transformers for working American tools and
equipment. completely enclosed in sheet metal case
with American type flat output socket made for corn -
computer so obviously first class, 500 watts With
carrying handle, offered at about half price only £15 -I-
80p. carriage £2 + 16p.These may be a bit soiled but are
fully guaranteed. Similar but 1000 watt £29-50 or
1648. Post £1-62.
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GEORGE HYLTON
dbrings it

own

Negative Resistance
MEGAT.VE resistance is a rather puzzling
II term. It is often used in connection with
oscillators of various special kinds. A
negative resistance oscillator is. in general
terms any kind of "black box" which os-
cillates when the right kind of impedance is
connected to it a tuned circuit for example.

In other words ia negative resistance is
something which supplies energy. unlike an
ordinary positive resistance which of course
absorbs energy or at any rate turns electrical
energy into heat. Positive resistance. or just
plain common or garden resistance if you
like. is in many ways; like friction. Mechanical
friction resists movement - it tends to prevent
one surface from sliding over another.
Resistance also inhibits movement. only in
this case it is the Movement of electrons
through a circuit.

Friction
Friction, like the Roman goo ,.anus. has

two faces. The one we are mostly concerned
with in life is the bad face, the :rotor. which
resists smooth movement of machine7y and
consumes energy to no purpose. Bi.:t friction
has a good face too. and this good aspect is
so widespread that we just do not give it a
thought. Yet friction is a sort of glue that holds
the world together. Without it no nail would
stay for long in a piece of wood: screws
would fail to grip: zips would unzip: knots
would untie and stitches. loosen. Things
would just fail apart.

In the electrical world resistance likewise
prevents disasters. if resistance were to dis-
appear no battery could stay charged
because current would run out of it through
the air or any insulator. All voltage differences
would instantly disappear, short-circuited by

to
eart

the things which at present hold them apart,
resistances and insulators. Electronics would
be impossible.

Like friction, we just take for granted this
helpful aspect of resistance. It is the un-
helpful aspect that bothers us, the nasty habit
resistance has of getting in the way of the
currents we want to have flowing. If only you
could buy negative resistors how useful they
would be! If a relay coil had a positive
resistance of 100 ohms and your circuit
could not drive enough current through it for
lack of voltage all you would need to do
would be to connect minus 100 ohms in
series. This would cancel the coil resistance
and allow currenTto flow unimpeded.

Or should the minus 100 ohms be con-
nected in parallel?

Negative or Positive
That's an interesting question because

there are two kinds of negative resistance, a
series kind and a parallel kind. Before show-
ing you how to experiement with them
however let me ask one question. What
happens if instead of connecting minus 100
ohms in series with your 100 ohm coil to
cancel its resistance you connect only minus _

80 ohms? Simply arithmetic says that there is
still 20 ohms left uncancelled. What you
have done is to reduce the coil's effective
resistance but not to cancel it. But what if you
over -cancel, so to speak, by connecting say
minus 150 ohms? Then you should still have
minus 50 ohms left. What effect does this
have on the circuit?

This uncancelled negative resistance
supplies energy to the circuit. You can see
why it must do so by thinking about positive
resistance and then reversing things. If you
apply 10 volts to a positive resistance, a cer-
tain current flows. Halve the voltage to 5 volts
and the current drops to half and so on. With
negative resistance the opposite must
happen. Reducing the voltage must increase
the current. If you go on halving the voltage
so it gets closer and closer to zero the current
must get bigger and bigger. Evidently the
current is coming, not from the battery but
from the negative resistance itself. This after
all is just what you could expect: positive
resistance absorbs energy but negative
resistance must emit energy. In other words a
negative resistor, if you could find one, would
be a source of energy!

Oscillators
Well, there are plenty of sources of energy

about; generators; batteries and so on. So a
battery _must be a negative resistance, OK?
Well yes, except that if you connect a battery
to say a tuned circuit it doesn't oscillate, not
after the first few moments anyway. But if you
connect a negative resistance to a tuned
circuit it does oscillate.

Unfortunately you cannot go into a shop
and buy a negative resistor. To do so would
be the same sort of thing as buying an
amplifier which works without a power
supply. Amplifiers amplify all right. But only
because they are supplied with more watts of
mains or battery power than ever comes out
as audio power. What they really do is con-
vert power in one form, say d.c. power, into
another form, say a.c. In the process some
energy is wasted; the amplifier's transistors
get warm.

It is just the same with negative resistance.
You can make circuits and devices which

have negative resistance all right. But in order
to make them work you have to put in more
energy than you get out. If you try to take out
more than you put in the thing just stops
being a negative resistance.

Practical Circuit
That is why real life negative resistances

are always sort of embedded in positive
resistances. One practical negative
resistance circuit is illustrated in Fig. 1.

This "artificial negative resistance" circuit
may be constructed in any convenient way,
the layout is not at all critical.

RI
330k12

B TR2

e2N3702

+ve

TL1
CYRSTAL
EARPHONE

C2

ov

Fig. 1. A simple circuit to illustrate the
effect of negative resistance.

When finished with this "negative
resistance" you can use the parts for
something else! Incidentally, this circuit is not
fussy about transistor types, supply voltage,
or component values.

Adjusting VR1 produces an audio tone in
the earphone. When it is at maximum there is
no oscillation. As it is reduced, oscillation
begins and continues (with change of fre-
quency) even when zero. If VR1 and R3 are
now exchanged it is found that in its new
position (C and D) VR1 stops the oscillation
when set to zero but allows it when set to
maximum - the opposite state of affairs from
the original one. The explanation is that in the
original (A and B) position VR1 is in series
with a negative resistance so when too large
the net resistance is still positive. In the C
and D position it is in parallel with a negative
resistance and so must be larger than the
negative resistance if it is not to swamp it.

There is no tuned circuit in Fig. 1 and this
"negative resistance oscillator" operates as a
relaxation oscillator or astable R/C os-
cillator. If VR1 is in the A and B position
(where it acts as a regeneration control) and
a parallel -tuned circuit is connected across C
and D the circuit can be set to oscillate at the
natural frequency of the tuned circuit.
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ANNOUNILING
A MEW S
O F SAS

This 5 volume set contains over 500 pages.
Bound in stiff linen. Cover size 8'Ain x 5in.
Price £7.50 per set (we pay the postage).

Book 1. Introducing Electronics Book 4. Meters/Voltage-dividers
Book 2. Resistors/Capacitors Book 5. Transistor Project Circuitry
Book 3. Inductors/Diodes
The manuals are unquestionaby the finest and most up-to-date available
and represent exceptional value.
This series has been written in a fascinating, absorbing and exciting
way, providing an approach to acquiring knowledge that is a very
enjoyable experience. Suitable for industrial trainees, City and Guilds
students, DIY enthusiasts and readers of electronic journals.
Each part explains electronics in an easy -to -follow way, and contains
numerous diagrams and half tone blocks with construction details and
circuit diagrams for making the following transistor projects: Lamp
Flasher, Metronome, Wailer, Photographic/Monostable Timer, Metal
Locator, Geiger Counter, Radio Receiver, Intercom., Intruder Alarm,
Electronic Organ, Battery Eliminator, Anemometer, Sound Switch,
Light and Water -operated Switches, Pressure -operated Switches, Light
meter, Radio Thermometer, Ice Alarm,
Sound effects oscillator. Variable time -delay switch.

Order now:
Selray Book Company
60 Hayes Hill
Bromley
BR2 7HP

OUR 100% GUARANTEE
Should you decide to return the set after 10 days exam-
ination. your money will be refunded by return of post.

Amount enclosed: £

Name:

I Address:

I

I
I
I

ET3 I

GREENWELD
443 Miltbrook Road Southampton
SO1 OHX Tel:(0703) 772501

TEACH -IN' 78
Complete kit of parts for the
New Series started last
month. Everything for £13.50
Including Post and VAT.
Order Early!!

1977/78
CATALOGUE

Big new illustrated catalogue
with SOp discount vouchers!
Complete range of resistors,
capacitors, semiconductors,
knobs and boxes, etc., all at
discount prices!! Only 30p -H
15p post.

PC ETCHING KIT MK III
Now contains 200 sq. ins. copper clad
board, 11b. Ferric Chloride, DALO etch -
resist pen, abrasive cleaner, two miniature
drill bits, etching dish and instructions.
£.4.15 inc. post and VAT.

VERO OFFCUTS
Pack A, All 0-1"
Pack B, All 0.15"
Pack C. Mixed
Pack D, All 0.1" plain

Each pack contains 7 or 8 pieces with a
total area of 100 sq. ins. Each pack is £145
Inc. post and VAT.

DEVELOPMENT
PACKS

Buy a complete range of components In
one go and save time and money!!
All packs contain full spec brand new
marked devices, sent by return of post. All
Prices include VAT, just add 25p post for
any quantity.

K001 50V ceramic plate capacitors, 5%.10
of each value 22pF to 1000pF. Total 210,
£3.35.

K002 Extended range, 22pF to 0.1/1F. 330
values £4-90.

K003 Polyester capacitors,10 each of these
values: 0.01, 0-015, 0-022, 0.033, 0047,
0068, 0.1. 0-15, 0.22, 0-33, 047µF. 110
altogether for EA 75.

K004 Mylar capacitors, min 100V type. 10
each all values from 1000pF to 10,000pF.
Total 130 for 54-45.

K006 Tantalum bead capacitors. 10 each
of the following: 0-1, 0 15, 0.22, 0.33, 0-47.
0.68, 1, 2.2, 3.3, 4.7, 6-8, all 35V; 10/25
15/16 22116 33/10 47/6 100/3. Total 170 tants
for £14-20.

KO57 Electrolytic capacitors 25V working,
small physical size. 10 each of these
popular values: 1,2-2.4-7, 10,22, 47, 100pF.
Total 70 for £3-50.

8021 Miniature carbon film 5% resistors,
CR25 or similar. 10 of each value from 10R
to 1M, E12 series. Total 610 resistors,
E600.

K022 Ex -tended range, total 650 resistors
from 1R to 10M £0-30.

K041 Zener diodes, 400mW 5%. RZY88 etc.
10 of each value from 27V to 35V, E24
series. Total 280 for £1530.

Be an
ELECTRONIC

ENGINEER
Do something PRACTICAL about your future.
Firms all over Britain are crying out for qualified people. With

the right training, you could take your pick of these jobs.
Now, the British Institute of

Engineering Technology will train
you in your spare time to be an
Electrical Engineer.

You risk nothing ! We prom-
ise to get you through your
chosen course -or, refund your
fee!

So, join the thousands who
have built a new future through
home study Engineering courses.

Courses in

C & G Elect. Technicians
C & G Elect. Installations

Telecomms. Technicians Exams

Television Servicing
Radio Maint. & Repairs (BIET)

Pratt. Radio & Electronics

Plus over 60 other
home study courses.

POST COUPON FOR FREE 44 PAGE GUIDE

BRITISH INSITFIITE OF
ENGINEERING TECHNOLOGY

Aldermaston Court, Dept. TEE 3c Reading RG7 4PF,

NAME (Block capitals please)

ADDRESS

POSTCODE

Other Subjects
LAccredited by CACC

mi MO MI 1E1 MI

AGE
Member of ABCC

EN Ell NO NI ell

CRESCENT RADIO LTD.
MAIL ORDER DEPT. 1 St Michaels Terrace, Wood Green

London N22 4SJ Phone 888-4474
MULTI METER BARGAINS

A special bulk purchase of Eagle
Multimeters enables us to offer three
from their range at up to 15% off
Eagle's own recommended retail price.

KEW 7
1,000 opv pocket multi -
meter with 'off' damp-
ing.
All basic ranges in-
cluded. Leads, battery
and instructions sup-
plied.
Spec. as follows:-
DC volts: 0 to 10, 50,
250, 1,000 volts. AC
volts: 0 to 10, 50, 250,
1,000 volts. DC current: 0 to 100
mA. Resistance: 0 to 150 K ohms
(mid -scale): 3 K ohms. Decibels: -
10 to - 22dB. Dimensions: 90 x 60
x27 mm. PRICE: £597±8% VAT

POWER SUPPLY UNIT
TYPE 'PPI '

Switched 3, 41, 6, 7k, 9 and 12 volts at
500mA. With onioff switch and pilot
I ight.
Size: 130mm x 55mm x 75mm approx.
OUR PRICE:
Only £6.00 - 8% VAT
C1095 20,000 opv multimeter with
hinged 4 -position scale for easy -reading
bench use. Anti -parallax mirror, 3 -

colour scale. overload protection.
Ranges: DC volts: 5, 25, 50, 250, 500.
2,500 (20.000 opv). AC volts: 10, 50,
100, 500, 1,000 (10,000 opv). DC
current: 50 uA, 2.5 mA, 250 mA.
Resistance: 50 K, 5 meg. Decibels:
-20 to 4,22 dB. Dimensions: 140
85 x 35 mm.
PRICE: £14 .31 ± 8% VAT

EM1200
100,000 opv multimeter. Comprehen-
sive meter with 3 -colour scale, anti -
parallax mirror, taut band movement,
electronic protection, reversible polar-
ity, 15 amps AC current range. Supplied
with leather carrying case, shoulder
strap and probes.
DC Voltage: 0-0 -15, 0.5, 1-5, 5, 15. 50,
150, 500, 1500 volts (100.000 opv). AC
voltage: 0-1.5, 5, 15, 150, 250, 500.
1500 volts (30.000 opv). DC current: 10
gA. 15 500 IA, IS mA, 500 mA, I -5
amps, 15 amps. AC Current: 15 amps.
Resistance: 0-20 K ohms, 200 K ohms,
2 megohms, 20 megohms, 200 megohms.
(Mid -scale): 100 ohms, I K ohm, 10
K ohms, 100 K ohms, 1 megohm.
Accuracy: DC -2%, AC -3%.
Dimensions (inc case): 210 178 x
80 mm.
PRICE: £40.23 ± 8% VAT.
H2009 STEREO HEADPHONES

Eagle headphones available at new
reduced price.
Spec. - Frequency range: 20-20,000
Hz 4-5 dB. Second harmonic distor-
tion: 0.7% maximum. Third har-
monic distortion: 1.0% maximum.
Matching impedance: 8-16 ohms.
Weight: 360 grm. Switching: +5 dB
ray 100 Hz (Popular), Flat Cal 100 Hz
(Classical), -5 dB 100 Hz (Vocal).
These headphones have a bass cut/lift
control on each earpiece.
PRICE: 1550 -ii 121% VAT.

'BARGAIN TRANSFORMERS'
240v PRIMARY 12-.0-12v, 500mlA
SEC. Approx. size: 60 x 40 x 50mm.
Fixing centres: 75mm.

PRICE: LI -80 8% VAT.
Also available MAINS TRANS-
FORMER with I 8v 500mA SEC.
Price and size same as above.

ACCESS AND BARCLAYCARD ACCEPTED-PHONE ORDERS WELCOMED,
ALL PRICES INCLUDE POSTAGE-PLEASE ADD VAT AS SHOWN--
S.A.E. WITH ALL ENQUIRIES PLEASE.
Personal Callers Welcome at: 164-166 HIGH ROAD, WOOD GREEN, LONDON
N22 Phone: 888-3206 and 13 SOUTH MALL, EDMONTON, N9. Phone: 803-1685.
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Over 200 kits in the free Heathkit Catalogue

10.35

NEW Digital Clock-
with repeater alarm

Freezer Alarm - Gives audible signal
if freezer temperature rises to -6 C
for any reason

NEW 4 Function
Solid State Multimeter
-One of a whole range
of test equipment

Car Intrusion Alarm
--Gives a distinctive

'yelping' sound -signal
the moment your car
is tampered with

NEW Electronic
Chess Game

Right now, there's a brand
new edition of the Heathkit
Catalogue - packed with RE AT
hundreds of practical and
fascinating items which
you can build yourself..-----sl.
Send for
your copy now!
To Heath (Gloucester) Ltd.
Department EE -28,
Bristol Road, Gloucester, GL2 6EE.
Please send a copy of the Heathkit Catalogue.
I enclose I 1p in stamps to cover postage only.
Name
Address

When you receive
your catalogue
you'll get details of
this free offer worth
approximately £4.75.

HEATH -1
Schlumberger
The world's

biggest producers
of electronic kits.

I
I
I
I
I
I

...... ama Nom ow WI
There are Heathkit Electronics Centres at 233 Tottenham Court Road,

London (01-636 7349) and at Bristol Road, Gloucester (Gloucester 29451).

NO BATTERIES NO WIRES
The modern way of instant 2 -way communica-
tions. Supplied with 9 -core wire. Seat plug into
power socket. Ready for use. Crystal clear
communications from room to room. Range
0 -mile on the slime mains phase. On/off switch.
Volume control. Useful as inter -office intercom
between office and warehouse in surgery and in
homes P. P. 99p.
ONLY 229.99 PER PAIR

+VAT f...375

NEW f AMERICAN TYPE CRADLE

TELEPHONE AMPLIFIER

ume control. Conversation record-
ing model at 11895 VAT £1.36.

V.A.T. £1,20 P. 0 P. 89p.
10 -day price refund guarantee on al/ items.

WEST LONDON DIRECT SUPPLIES (EMS) 169 KENSINGTON HMS STREET, LONDON. W8
01-937 5548

Latent transistorised Telephone
Amplifier with detached plug-in
speaker. Placing the receiver on to
the cradle activates a switch for
immediate two-way conversation
without holding the handset.
Many people can listen at a time.
Increases efficiency in office, shop,
workshop. Perfect for "conference"
calls; leaves the user's hands free
to make notes, consult Ales. No
long waiting, saves time with long -

ONLY distance calls. OM uff switch, vol.
£1415

ITS EASY WHEN YOU KNOW!
To avoid missing your copy of EVERYDAY ELECTRONICS-simply
complete this order form and hand it to your newsagent.

ORDER FORM

To
(name of newsagent)

Address

Please reserve/deliver every month one copy of EVERYDAY ELECTRONICS
until further notice.
My Name

Address

For Semi -conductors
including

Small Signal Transistors
Power Semi -conductors
TR. CMOS. I Cs
Linear I Cs
Signal and Power Diodes
Zener Diodes
Magneto Resistors
Magnetic Proximity Switches
Opto-electronic devices

ELECTRO-VALUE
TO MAKE THE BEST OF

For passive components
including

Plastic Film Capacitors

Electrolytics

Semi -precision capacitors

Transformers
Pot, R.M and Ring Cores etc.

E.E. TEACH -IN '78
Complete Kit as sDecified £12.50

eel ed,

ELECTRWITA
THE PROJECTS YOU BUILD

The Open Door to Quality
It's the Electrovalue Catalogue No. 8 (4th edition
black and white cover) with completely updated
prices. 144 pages, well illustrated and informative.
40p post free with 40p voucher usable on orders
for L5 or more. Send for yours now and order
in confidence.

GOODS SENT POST FREE IN U.K. FOR
C.W.O. ORDERS. Keenly competitive prices
plus ATTRACTIVE DISCOUNTS and only
best quality goods.

ELECTRO 1-n ---M LTD
(Dept EE.178). 28 St. Jude's Rd.. Englefleld

Green, Egharn, Surrey TW20 OHB
Phone Egham 3603. Telex 264475

North -680 Burnage Lane, Burnage, Manchester.
Phone (061) 432 4945.
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Receivers and Components
71b ASSORTED COMPONENTS £2.95. Small
Audio Amplifiers. 3 transistors equivalent to
AC128. 0072, -with circuit. 3 for £1. 300
small components, Transistors, Diodes £1.30.
No Postage, list 15p refundable, Insurance
add 15p. J.W.B. Radio, 2 Barnfield
Crescent, Sale, Cheshire M33 1NL.

COMPONENTS FOR E.E. PROJECTS.
Component lists with prices available for all E.E.
projects from October 1977 onwards, including
Teach -In 78. Send S.A.E. stating project and
month of publication (maximum 4 projects per
S.A.E.). List sent by return together with ACE
order formicatalogue.
ACE MAILTRONIX, Tootal Street, Wake-
field, W. Yorks. WFI 5JR.

DISCOVER ELECTRONICS. Build forty easy
projects including: Metal Detector, Wire-
less Transmitter. Breathalyser, Radios,
Stethoscope, Lie detector, Touch time
switches, Burglar Alarms, etc. Circuits,
plans; all for £1.29 including FREE circuit
board. Mail only. RIDLEY Photo/electronics,
Box 62, 111 Rockspark Rd, Uckfield, Sussex.

I.C.s., TTL.C/Moe, Linear, Capacitors, Resistors (E12)
SIL/Rectlfiers, Diodes, LED, Thyrlstors, Zenors, Voltage
Reg, DIL Sockets, Bridge Rectifiers, Potentiometers,
Presets, Triacs, Dlac, Plugs, Sockets, Cable, Vero.
Carefully selected range, excellent despatch service.
Same day turn round. S.A.E. List_ Suppliers to A.E.R.E.,
U.K.A.E.A., Government Depts. Schools, Universities,
Manufacturers. Accounts opened for trade and amateur.
Join the professionals. Phone by 4 p.m. Goods out lst
class by 5 p.m. Try us and prove It!

ORCHARD
ELECTRONICS

Flint House, 71.-leilthpht,:e4913Wallingford, Oxon.

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 £4.10 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
O.K. only).

BOFFIN PROJECTS
4 Cunliffe Road, Stoneleigh

Ewell, Surrey. (E.E.)

SMALL ADS
The prepaid rate for classified advertisements
is 16 pence per word (minimum 12 words), box
number 60p extra. Semi -display setting £4-00
per single column centimetre. All cheques,
postal orders, etc., to be made payable to
Everyday Electronics and crossed "Lloyds Bank
Ltd." Treasury notes should always be sent
registered post. Advertisements, together with
remittance, should be sent to the Classified
Advertisement Manager, Everyday Electronics,
Room 2337, IPC Magazines Limited, King's
Reach Tower, Stamford St., London, SE1 9LS.
(Telephone 01-261 5918).

CONDITIONS OF ACCEPTANCE

OF CLASSIFIED ADVERTISEMENTS

1. Advertisements are accepted subject
to the conditions appearing on our
current advertisement rate card and on
the - express understanding that the
Advertiser warrants that the advertise-
ment does not contravene any Act of
Parliament nor is it an infringement of
the British Code of Advertising
Practice.

2. The publishers reserve the right to
refuse or withdraw any advertisement.

3. Although every care is taken, the
Publishers shall not be liable for clerical
or printers' errors or their conse-
quences.

TRANSISTOR TESTER. Drilled and labelled
case, components, construction details and
transistor data. Measures GALN and LEAK-
AGE, also tests DIODES. KIT -send £4.95.
BUILT -£6-95. Details 2 x 9p stamps.
MAGENTA EDI. 61 Newton Lays, Burton on
Trent, Staffs DE15 ODW.

Large Clear L.E.D.s 25p
Large Red L.E.D.s 20p
Croc Clips Red/Black 7p
Small Reed Switch 10p
Large Reed Switch 12p
Magnets For Above 12p
Mini Buzzer 12v A/C 50p
Large 250v Glass, Bright
Neons 25p. Bases 1.2P
Japanese Radio Tuning
Capacitors 35p. Knobs 5p
Pots 10K. 1M. Lin Ito
8f2 Earphone & Plug 18p
15 pf Tuning Caps SOp
BC107/819. 147/819. 15p
1N1418 Op. 0A81 /91 10p
Vero Pak -1 or -15 65p
Mains Motor 250 RPM
250v AC 48p

MINIATURE SWITCHES
Push to Test 18p
Push TO Break 32p
Slide DPDT 18p
Bank of 6 Large Reed
Switches 48p
GPO 4 Digit Counter
500 Ohms 1' x 4-1" 42p
Loud Sirens 6v D.C.
41-30 ea. Buzzer Alarms
1% Volt D.C. 650
Modern Calculator
Keyboards 23 Way 55p
25 Untested I.C.s. 300
20 Untested AC128 30P
30 Untested CiA81 20p
40 Assortment Pak 45p
50 Asstd Capacitors 40p

- 50 Asstd Resistors 25p
Resistors %W 5% 10 ohms -10 Meg 2p ea.
Prices include VAT. Add 15p Postage.

GRIMSBY ELECTRONICS
64 Tennyson Road, Cleethorpes, Humberside.

Callers to our Lambert Rd. Components shop, 100's of
bargains -components, meters, ferric chloride, etc..
lowest prices in S.HumbersIde. List No. 1410p.

Miscellaneous
TIMESWITCHES, cheap timeswitches. San-
gamo 20 amp reconditioned, guaranteed for
one year. Only £3.70. Also Electric Eyes.
Write: J. DONOHOE, 1 Upper Norfolk
Street, North Shields, Tyne & Wear.

ENAMELLED COPPER WIRE
swg 1 lb 8 oz 4 oz 2 oz
14-19 2.40 I-20 -69 -50

20-29 2.45 I-60 -82 -59
30-34 2.60 1.70 -89 64
35-40 2.85 1.90 1.04 -75

Inclusive of p&p and VAT.
SAE 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.

LOW COST ALUMINIUM BOXES with lids
and screws. 3x2x1 42p, 4x3x112 49p, 4x3x2
56p, 6x4x2 62p, 6x4x3 72p, 8x6x2 97p, 8x6x3
E1-08. Prices include p&p. HARRISON
BROS., P.O. Box 55, Milton Road, Westcliffe-
on-Sea, Esse, SSO 7LQ.

100 RESISTORS 750
-.)W 5% c/FILM 2-20-2.2M fl (E12)

10 each of any value
Send stamped envelope for free sample

C60 CASSETTES 30p All Cassettes In Plastic Case
090 CASSETTES 45p with Index and Screwed

Assembly.
All prices include VAT. Add Postage lop In El
Quantity Discounts SALOP ELECTRONICS,
10 Units 5% 23 WYLE COP,
50 Units 7% SHREWSBURY.

100 Units 10% Te1.03208

LIST No. 28 NOW READY. Styli illustrated
equivalents also cartridges, leads, etc. Free
for long SAE. FELSTEAD ELECTRONICS
(EE), Longley Lane, Gatley, Cheadle,

Cheshire.

RECHARGEABLE BATTERIES
'AA' pence!! (HP7) £1-32: Sub 'C' LI -64; 'C' (HPI I)
£2-43; 'CI' (HP2) £3.56; PP3 £4-98. Matching chargers
£6.33 each except PP3 charger £4.99. Charging
holders for 2. 3, 4, 5 or 6 prevails 50p. 'C' & 'Er size
holders, 4 cells only 80p. 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., Dept. EE. 201 Monmouth Drive, Sutton
Coldfield, West Midlands. Tel 021 3349764. Callers
to T.L.C., 32 Craven Street, Charing Cross,
London W.C.2.

"250/12 Volt Inverters now available"

Tape Exchanges
SPEAK to the World without Licence!!
WORLDWIDE TAPETALK, 35 The Gardens,
Harrow; Britain's largest Tape -X -change
(cassette or reel).

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.

Books and Publications

RADIO BOOK SERVICE
50 Projects wine IC CASISOIR. A. Fanfold)
50 CMOS IC Protects (R. A. Fanfold)

Prectedd Introduction to Diaiul
22 Tewed Transistor Proilnds (R. Torre.)

El -05
LI-05-0s
LI-05

SO Prow.. using Retry*. SCR's & TRIAL. (R G. R)er) LI-20
Mow to build your own Meal & Tr.., Locators (f. G. Rader) 45-95
Practical Repair & Renovation of Colour TV's (C. F. Miller) L I -0S
Fun & Games with your Electronic Calculator (I. Vine) LO -16
Mow so build Advanced Short Wave Receivers (R. A. Ashford) CI -3r.
Radio Ansenns H0sook for Long 0.tanoe RKeotion LO -9S

Sc (Fir) Reid Erect Transistor FAA.. (R G. 0Ond1 LI-35
Servicing Transistor Radio Receivers LO -55
Sol, Stare Short Wave Recede," for Biqa...Ivan CI -05

PRICES INCLUDE OSTAGE A PACKING...S.A.E. FOR FULL LIST
4 CHILORESTEg COURT.WICKHAINROXCKENHAII KENT.61132QW

WHAT'S THE SECRET OF MAKING
MONEY? The Knowledge, and ability, that
very few people possess, to undertake work
in a specialised field that is crammed with
opportunities. We are supplying a MANUAL
that will enable you, in your own home,
WITH NO PREVIOUS EXPERIENCE, to
repair VACUUM CLEANERS, DRILLS, and
PORTABLE TOOLS, by showing in easy,
step by step stages, how to diagnose faults,
rewind ARMATURES and FIELDS and
make up test equipment. 13 chapters cover-
ing test procedures, apparatus required,
test charts, where to obtain materials and
where to find work. Packed with diagrams
and information. Get your copy now. Only
£4 plus 30p P&P. CWO. COPPER SUPPLIES,
102 Parrswood Road, Withington, Manches-
ter 20, Dept. EEl.
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Books and Publications Educational
SBi,H'LIFIED 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.
EVERYDAY ELECTRONICS KNOW-HOW
made easy. 30 -stage speedilearn program.
Unique Timesaver breadboards, terminals,
plans, and circuit Know-how. Ideal for
beginners, students, clubs, schools, colleges.
Special intro -offer £4-75. Money back if not
delighted. TECHNOCENTRE (EE), P.O. Box
33. 54 Adcott Road, Middlesbrough.

For Sale
CLOSED WORKSHOP; 2N3773 215P. AD161/
162 30p, BC167, 108, 109 8p, 13E1'51 12p,
AF2.39 30p, TBA 800 70p, TRA810 90p. SAE
bargain list. J.A.I., 39 Balvernie Gro, Lon-
don SW18 SRR.
EVERYDAY ELECTRONICS, November
1971 (No. 1) to April 1977; OFFERS: Wrist,
55 Albany Park Road, Kingston, Surrey.
OFFERS for complete issues January 1972
to December 1977, EVERYDAY ELEC- SURPLUS?? Turn it into cash. Phone: 0491
TRON1CS; buyer to collect. SAE. GRAY, 35529 (Oxon).
7 Ennerdale, Birtley DI13 2LA.

COURSES -RADIO AMATEURS EXAMLNA-
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 SW19
4DS. Tel: 01-947 7272 (Careers Advisory Ser-
vice), or phone for a prospectus only, ring
01-946 nn (24hr recording service).

HOLIDAYS FOR BOYS, 14-16 years, July!
August 1978. Tuition and practical work in
Engineering (Karting), Electronics, Radio
Production and Tape Recording and Photo-
graphy. Nine days in Norfolk, £34. Write
for free brochure. Inter School Christian
Fellowship, c/o Ashcroft, Old Bolingbroke,
Nr. Spilsby, Lincs.

Wanted

NOTICE TO READERS
When replying to Classified Advertisements please ensure:
(A) That you have clearly stated your requirements.
(B) That you have enclosed the right remittance.
(C) That your name and address is written in block capitals, and
(D) That your letter is correctly addressed to the advertiser.
This will assist advertisers in processing and despatching orders with the minimum
of delay.

DENCO
(CLACTON)

LIMITED
Dept. E.E.

357-8-9 OLD ROAD
CLACTON -ON -SEA
ESSEX C015 3RH

Our components are
chosen by technical
authors and con-
structors throughout
the world for their
performance and re-
liability, every coil
being inspected twice
plus a final test and

near spot-on alignment.
General Catalogue showing full
product range 34p. Overseas Cus-
tomers 70p, Air -Mail Post Paid.

U.K. & OVERSEAS MANU-
FACTURERS/STOCKISTS

ENQUIRIES WELCOME

Australian Readers Please Note -
Our Complete Range of Coils are
available from Watkin Wynne Pty.
Ltd., 32, Falcon Street, CROWS
NEST, 2065, AUSTRALIA. P.O.
Box 392.

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

Brochure, without obligation to:

BRITISH NATIONAL RADIO
& ELECTRONICS SCHOOL,

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

NAME

WAA

EEK2

ADDRESS I(Block cat* dent'

E.E. PROJECTS
AUDIO VISUAL METRONOME. Jan
£3.95 in case.
PHOTOFLASH SLAVE. Dec. C3-68
inc. case. Less lead.
VHF RADIO. Nov. £1020 inc. case.
TREASURE LOCATOR. Oct. £7.87.
Case £2.26.
TRANSISTOR TESTER. Oct. £6-40.
Case £2.98.
SHORT WAVE RECEIVER. Aug.
£8.65. Case LI .45.
DICE. March. £4.24 inc. case.
METRONOME. May. C3-80 inc. use.

Prices inclusive. Articles extra 25p.
Projects not listed, please write.
SOIL MOISTURE. June. E295 inc.
case and probe.
PHONEDOORBELL REPEATER. July.
L4  70 inc. case.
TOUCH SWITCH. July. £8.40 inc.
case.
FUZZTONE UNIT. July. £5-75 exc.
case.
ADD ON CAPACITANCE UNIT.
Sept. £4-50 inc. case.

Prices inclusive. Articles extra 25p
each.

1978 COMPONENTS CATALOGUE  MAGENTA 
Magenta gives you a wise range of the things you need -components -tools -
hardware -and lots more. First-class delivery. NO minimum order. Inclusive
prices. All products stock lines. Illustrated catalogue with data. New products
daily. Send 2 x 9p stamps.
This Catalogue is a MUST for constructors. Write Today!

AMPLIFIER MODULE -STEREO II X
I +W. 8 ohms. Tone; Vol. controls plus
Fascia 9V D.C. £4.90.
PRE - AMP -STEREO. Matches Mag-
netic cartridge to above amplifier.
9V D.C. C6-45.
CAPACITANCE SUB. BOX. 9 valves
1000pF to 22uF £2.95.
DIODE TESTER. With leads E1 -68.
SIGNAL INJECTOR AFiRF probe and
leads £4,98.
MULTIMETER. TYPE I. 1,000 o.Pv
with probe:. 2" x 3f" x 1" £595
MULTIMETER. TYPE 2. 20.0009 ePv
with case and probes 5" x 3-1- x 15"
£10.95.
ANTEX X25 SOLDERING IRON 25W.
Ideal for electronics £3.68.
SOLDERING IRON STAND. ANTEX
ST3 LI -55.
DESOLDER BRAID. 62p.
HEAT SINK TWEEZERS 12fp.
DRILL. 12 VOLT. 10,000 r.p.m. Hand
or stand use C10-05.
DRILL STAND. Adjustable highs.

INTERCOM. 2 station desk model.
Cable and battery £595.
HEADPHONES. STEREO. 8 ohm.
13-15 KHz. Padded £3.85.
HEADPHONES. MONO. 2K ohms.
Sensitive. L.2' 50.
PANEL METERS. Nominal 2" matt
black Fascia. 0-501.4A, 0-100uA, 0-ImA
L4  12.
LEVEL METER 0-200uA, 1200 ohms
LI 10.
PHONE PICK-UP COIL. 3.5mm
plug. 65p.
EYEGLASS. Jewellers magnification
x3. 93p.

TRIPLE MAGNIFIER. Each lens x5
magnification. LI-15.
DENTISTS MIRROR. -Adjustable £1.70.
SCREWDRIVER SET. 6 miniature
jewellers type. in case. £248.
NEEDLE FILES, 3mm square and
round, 68p.
AERIAL. 6 section telescopic, 70cm.
95p.
SPEAKERS. Miniature 8 ohm 59p.
64 ohm 85p. 80 ohm LI 15.

TRANSFORMER for 12V drill £13.37. EARPIECES. Crystal 38p, magnetic 15P.
POWER SUPPLY. Safe, economical Also capacitor:, resistors, semi -
plug type 6, 7.5, 9V D.C. 300rnA, conductors, knobs, connectors, p.c.b.
with lead £3.98. materials, potentiometers, variable
NIGHT LIGHT. Safe. Built in I IA plug. capacitors, switches, cases, trans -
Very cheap to run LI I8. formers, etc., etc.
MORSE KEY. Use with 6V buzzer for All prices include VAT and FIRST
practice set. Code included. CI -18. CLASS POST. Orders under L5-60
BUZZER. 6V. 74p. please add 15p.
MAGENTA ELECTRONICS LTD., EAI, 6I Newton Lays, Burton -on -
Trent, Staffs. DEIS ODW. 0283-65435.

TEACH -IN '78 COMPLETE KIT I I 3  95
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Electronics.
Make a job of
Enrol in the BN R & 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. I.E.R. Exam; the RADIO AMATEUR'S LICENCE;
P.M.G. Certificates; the R.T.E.B. Servicing Certificates; etc.
Also courses in Television; Transistors; Radar; Computers;
Servo -mechanisms; Mathematics and Practical Transistor
Radio course with equipment. We have OVER 20 YEARS'
experience in teaching radio subjects and an unbroken
record of exam successes. We are the only privately run
British home study College specialising in electronics
subjects only. Fullest details will be gladly sent without
any obligation.

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

NM= IN= MIS -----------
Brochure without obiigation to:

British National Radio & Electronic School
P.O. Box 156, Jersey, Channel Islands.

NAME
ADDRESS

EEL2 Block caps please

11 IMMENI EN= NM MIN MIMI IMINII MEE INNS MIR =III

B. BAMBER ELECTRONICS
PLEASE ADD 8% VAT UNLESS

A RANGE OF DRAPER TOOLS FOR THE
ELECTRONICS ENTHUSIAST
MAINS TESTER SCREWDRIVERS 100 to 500V

Standard size 50p, Large 70p
RADIO PLIERS 55" £1 .60, 64" £1.80
DIAGONAL SIDE CUTTERS SO" £1.90
SMALL SIDE CUTTERS LJ2 Standard £3.70

LJ7 (with wire holding device) £4-10
MIDGET OPEN ENDED SPANNER SETS

0+1, 2+2, 3+5, 4+6, 6+88A SIZES £2.55
set of 5
4+4.5. 5+5.5, 4+6, 6+7, 8+9, 10+11 MM
SIZES £3.50 set of 6

MINIATURE FILE SETS Set of 6 £1.90 Set of 10
£3.25 (Round, flat, etc.)

TAP AND DIE SETS (18 piece) contain 1 each
Of 0, 2, 4, 6, 8, BA SIZES in Dies; Plug Taps,
Taper Taps + American type tap wrench,
T type tap wrench, DIe Holder. £11.60

LARGE ELECTROLYTIC PACKS, Contain
range Of large electrolytic capacitors, low
and high voltage types, over 40 pieces, £3.00
Per pack (4- 121% VAT)_

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

A NEW RANGE OF QUALITY BOXES &
INSTRUMENT CASES.
Aluminium Boxes with Lids.
ABlO 5+ x 4 x 15 60p
AB13 6 x 4 x 2 60p
A814 7 x 5 x 25 £1.0e
A915 8 x6 x3 £1 .30
A816 10 x7 x3 £1 .50
AB17 10 x 49 x 3 £1-00
AB25 6 x 4 x 3 £100

Vinyl Coated Instrument Cases
Light Blue tops and White lower sections. Very
smart fiinish.
WB1 5 x 25 x 29 60p
WB2 6x45 all (1.10
W83 8 x 5 x 2 £1 .60
WB4 9 x 55 x 21 £1.00
WB5 11 x 61 x 3 £2.00
WB6 11 x 7+ x 35 1225
W87 12 x 65 x 5+ E2.60
VfB853 ax55 x3.9 £2.00

MAINS TRANSFORMERS. Type 6012, Mains
input 200-210-220-230-240-250V c.c.. output 0-20-
40-80V at 2A, in Metal and Plastic case, approx.
75 x 45 x 4, fully fused (ideal for PSU) £3.00 RED LEDs (Mm. type) 5 for 709.each.

Dept. E.E., 5 STATION ROAD, LITTLEPORT. CAMBS.. CB6 10E
Telephone: ELY (0353) 860185 (2 lines) Tuesday to Saturday

OTHERWISE STATED
MAGNETIC DEVICES PROGRAMMERS. Con-
tain 9 fully adjustable cams and 9 change over
micro -switches (rated approx. IA at 240VAC)
Needs slow-motion motor to drive (not sup-
plied), Ideal for disco lights. sequence switch-
ing, etc. ex equipment £1.50 each.

VIDICON SCAN COILS (Transistor type, but no
data) complete with vidicon base £11.50 each.
Brand New.

FULL RANGE OF BERNARDS/BABANI
ELECTRONICS BOOKS IN STOCK. S.A.E.FOR
LIST.

NEW FOR THE VHF CONSTRUCTOR. A range of
tuned circuits on formers with slugs and screening
cans. Frequencies quoted are approximate, and range
can be greatly extended by using varying capacitors in
parallel.
Type S Gin. square, dumpy type).
Type SA 20 to 30MHz (when 33pf fitted In parallel).
Type SB 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. tin. square typed.
Type MA 19 to 28MHz (when 33pF fitted in parallel).
Type MB 22 to 32MHz (when 33pF fitted in parafiel)-
Type MC 25 to 35MHz (when 339F fitted in parallel).
Type MD 38. to 50MHz (when 33pF fitted In parallel).
Type MESS to 60MHz (when 33pF fitted in parallel).
Type MF 100 to 200MHz (without slug) when 0 to 30pF
variable fined in parallel_
All the above coils available in packs of five only (same
type) at 50p per pack of 5.

SEMICONDUCTORS
BSX20 (VHF Osc.'Mult). 3 for 50p.
BC108 (metal can). 4 for 50p.
PBC108 (plastic BC108), 5 for 50p.
8FY51 Transistors. 4 for 609.
BCY72 Transistors, 4 for 50p
PNP audio type TO5 Transistors. t2 for 259.
0E152 (UHF amp/mixer), 3 for 50p.
2N3819 Fet.. 3 for 60P,
80148 NPN SILICON, 4 for 50p.
BC158 PNP SILICON. 4 for 509.
BAY31 Signal Diodes 10 for 35p.
BA121 Varicap Diodes, 4 for 50p.

74100 op amps by RCA, 4 for El

PLEASE ADD 8% VAT UNLESS OTHERWISE STATED
PLASTIC PROJECT BOXES with screw on lids
(In black ABS) with brass inserts.
Type NB1 approx Sin. x 25in. x 15in. 40p each.
Type N82 approx. 351n. x 251n. x I5in. 50p each.
Type NB3 approx. 45in. x Spin. x 19in. 130p each.

MULLARD 15A2 85V STABILISER VALVES
(Brand Naw) 70p each or 2 for £1.20.

TM transistor InsulatOr sets. 10 for 50p

PERSPEX TUNER PANELS (for FM Band 2
tuners) marked 88-108MHz and Channels 0-70.
Clear numbers, rest blacked Out, Smart modern
appearance. size approx. Eon x 19in , 2 for
35p.

PLUGS AND SOCKETS
N -Type Plugs 50 ohm, 60p each, 3 for £1 .50.
PL2S9 Plugs (PTFE). brand new, packed with
reducers, 659 each
S0239 Sockets (PTFE), brand new (4 -hole fixing
tSlo4). SOP each

SOLDER SUCKERS (Plunger type). Standard
Model. £5. Skirted Model £5.50. Spare Nozzles
SOp each.

NEW MARKSMAN RANGE OF SOLDERING
IRONS.

S1250 25W 240V f3.80.
S1400 4000 240V £4.20.
S1250K 25W 240V 4- bits etc KIT £4.90.

BENCH STAND with spring and sponge for
Marksman irons £2.38.
Spare bits MT9 (for )5W) 50p, MT5 (for 25W) 45p,
MT10 (for SOW) 50p.

ALL PRICES - 5% VAT.
TCP2 TEMPERATURE CONTROLLED IRON.
Temperature controlled iron and PSU. b0 s VAT
(£2.40).
SPARE TIPS
Type CC single fiat. Type K double flat fine tip.
Type P. very fine tip. £1 each - VAT (8p).
MOST SPARES AVAILABLE.

MULTICORE SOLDER
Size 5 Savbit 18 s.w.g. in alloy dispenser.
3213 - VAT (3p).
Size C1SAV18 Savbit 18 s.w.g., 54p - VAT (4p).
, Kg. (1.1Ib) 60 x 40, 20 s.w.g. on plastic reel
E3 + VAT (24p).

WELLER SOLDERING IRONS
EXPERT. Built -in -spotlight illuminates work.
Pistol grp with fingertip trigger. High efficiency
copper soldering tip.
EXPERT SOLDER GUN BlOOD £9.90.
EXPERT SOLDER GUN KIT (spare bits, case.
etc.) £12.90.
Spare bits 15p pair.

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

MIXED COMPONENT PACKS, containing
resistors. capacitors, polo. etc. All new.
Hundreds of items. £2 per pack. while SIOCka
last.

ALU-SOL ALUMINIUM SOLDER (made by
Multicore). Solders aluminium to itself or
copper, brass. steel, nickel or tinplate, 16 s.w.g.
with multicore flux. with instructions, Approx. 1
metre coil 40P pack. Large reel £275.

VARICAP TUNERS Mullard type ELC1043i05
Brand New, £4.40 - 125% VAT.

BARGAIN PACK OF LOW VOLTAGE
ELECTROLYTIC CAPACITORS. Up to 50V
working. Seatronic Manufacture. Approx. 100.
£1.50 per pack s 125% VAT.

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

We now stock Spiral. Tools for the electronic
enthusiast. Screwdrivers. Nut spanners. BA and
Metric sizes, pop rivet guns. etc. S.A.E. for list.

Dubiller Electrolytics, 50pF, 450V, 2 for 50p.
Dubilier Electrolytics, 100pF, 275V. 2 for 50p.
Plessey Electrolytics, 470µF. 83V, 3 for 50p.
TOO EleCtrOlytics, 1000uF, 30V, 3 for 609.
Dubilier Electrolytics, 5000aF, 35V. 50p each.
Dubilier Electrolytics, 5000pF. 50V. 60p each.
ITT Electrolytics, 6,3000F, 25V. high grade, screw
terminals. with mounting clips, 50p each.
PLEASE ADD 125% VAT TO ALL
CAPACITORS.

TV PLUGS AND SOCKETS
TV Plugs (metal type), 4 for 50p.

TV Line Connectors (back-to-back sockets) 4 for
SOP.
Please add 129% VAT.

Terms of Business: CASH WITH ORDER. MINIMUM ORDER £2. ALL PRICES INCLUDE POST & PACKING ;UK ONLY) SAE with ALL ENQUIRIES

Pie cISC PLEASE ADD VAT AS SHOWN. ALL GOODS IN STOCK DESPATCHED BY RETURN. CALLERS WELCOME BY APPOINTMENT ONLY

Publiabed approximately the third Friday of 'mob month by 1PC Magazines Ltd., King's Reach Tower. Stamford Street, London 8E1 1)1.S. Printed in England by index Printer., Dunatable, Beds. Sole
Agents for Australia and New Zealand -Gordon and (:nteb (A/sia) Ltd. South AfrIca--Central News Agency Ltd. Everyday Electron!cc is sold subject to the following conditions namely that it shall not.
without the written consent of the Publisher', fIrst given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on Caner, excluding Eire where
the selling price is subject to V.A.T., and that It shall not be lent, resold, or hired out or otherwise disposed of hi a mutilatedcomlitton or in any unanthoriaed cover by way of Trade. or affixed CO Or ae Pert
of any publication or ,uivertielnir, literary or pictorial matter whateoever.



2N61116 .35 2143703 15
2N697 .30 2143704 -15
2N641.8 -62 2143705
211699 .53 2N3706 115
214706 .28 2N3707 .10
2N706A -25 2N3708 13
214708 -28 2N3709 .15
2N709  50 2N3710
214718 .27 2143711 -16
2N718A -50 2/43712 1.20
2N720A -80 2N3713 2.30
2N914 -35 2/43714 2-45
2N316 -30 2N3715 2.55
211918 -36 2143716 3.00
214929 .25 2143771 1-45
2N830 .26 2N3772 2.00
2N1131 -30 2143773 2.80
2N1132 .37 2N3789 2-90
2N1613 -0 2143790 3.10
2N1711 -30 2N3751 3-10
2011893 2143792 3-50
2142102 -98 2N3794 .20
2512218 -33 2143819 -36
2N2218A -37 2143620 .31
2142219 .35 2143123 -8*
2N2219A .31 2N3904 21
2N2220 .35 2143906 .22
2142221 .25 2N4036 .67
2N2221A 26 2N4037 -55
2012222 23 2N4058 -20
2N2222A .25 2N4059 -15
2142388 -25 2N4060 -20
2142369 -25 2144061 -17
2N2369A -25 2144062 -15
2N2648 .75 2144126 -17
2141647 1.40 2N4289 .20
2 N2304 -36 2144919 -65
2N2904A .37 2N4920 -75
2 N2905 -37 2N4921 -50
2N2905A 38 2144922 -55
2N2906 -28 2144923 70
2N2906A 35 2N5190 -60
2072907 -25 2145191 .70
2N2907A 25 2145192 -75
2112924 -15 2N5195 .90
2142925 -17 2N5245 34
2N3019 -55 2145294 .40
2143053 36 2145295 -40
2143054 .60 2145296 -44
2143055 .70 2145298  411
2143390 .20 2N5447
2143391 -20 2N5448 A5
2N3391A -20 2N5449 19
2143392 .16 2N5457 .32
2143303 -15 2145458 -33
2 N3394 .15 2N5459 .29
2 N3439 -59 2N5484 -34
2143440 -64 2145486 .36
2543441 41 2N6027 -69
2143442 1.35 2N5181 .45
2 N3638 16 2N6107 .42
2 N363,9A -16 2N5109 50
2143639 -30 2146121 -38
2 N3641 -26 2146122 .41
2 N3702 13 2016123 43

"Marshall's
A. MARSHALL (LONDON) LTD. DEPT. E.E.
LONDON -40-42 Cricklewood Broadway, NW2 3ET

Tel. 01-452 0161 Telex 21492
LONDON -a 325 Edgware Road W2. Tel: 01-723 4242 3
GLASGOW -85 West Regent Street, G2 2QD

Tel. 041-332 4133
BRISTOL -1 Straits Parade, Fishponds Rd. 0516 2LX

Tel. 0272 654201

TOP 400 SEMICONDUCTORS FROM THE LARGEST RANGE IN THE U.K.
EXPRESS M.O. SERVICE BY RETURN POST -all INTEGRATED CIRCUITS
orders received despatched same day on stock Items

2016126 45 BC159 .76 BD116 1.20 BFX84
40361 SO 130160 -35 130131 -51

130161 -3540362 -55
40363 1.30 BC167 12
40406 80 BC168 12
40407 '52 FIC169 '12
40408 75 8C170 18
40409 -75 BC171 16
40410 75 BC172 14
46411 2-85 8C1-77 -20
40594 80 6C178 .20 130240
40595 90 BC179 23 80241
40673 '75 8C182 -11 130242
AC126 45 BC182L 14 BD243
AC127 -45 BC183 11 BD244
AC128 '45 BC1/33L 14 130245
AC151V 40 BC184 12 80246
AC152V -50 BC184L .14
AC153 -55 BC207 '16
AC153K 55 BC208 .16
AC176 -50 8C212 -14
AC176K 65 BC212L .17
AC187K -60 BC213 -14
AC188K -60 BC2I3L 16
A0161 1 00 BC214 16
A0162 1.00 BC214L 17
AF106 -55 BC237
AF109 -75 BC238 12
AF124 65 SC239
AF125 65 60251 .16
AF126 -65 BC253  22
AF139 -69 BC257A 17
AF186 50 BC258A 17
AF200 1.20 13C25913 18
AF239 65 BC261A 24
AF240 1.14 BC262B 24
AF279 110 BC263C 30 "'""
AF280 85 Bc300 50 8E181
BC107 -15 B0301 40 8F182
BC108 15 81303 50 8E183
8C109 -15 BC307 15 BF185
BC113 20 BC308 15
BC115 20 BC.309C 15 BF194
BC116 60317 14 BF195
BC116A 211 BC318 13 OF196
BC117 -22 BC327 24 8E197
8C118 20 130328 19 BF198
BC119 30 BC337 -19 BF200
BC12

-30 BC547 12 8F244
1  45 13C336 BF225J

80132
BC134 -20 BC548 12 8E245
8C135 -20 BC549 '13 EIF246
BC136 -19 BCY30 1-00 8E254
BC137 20 BCY31 1-00 BF255
BC140 -35 BCY32 1 SO BF257
BC141 -40 BCY33 1.00 6E258
BC142 -30 BCY34 1.00 13E250
BC143 -3111 BCY38 2.00 8E459
BC147 .12 BCY42 60 BER39
BC148 12 BCY58 25 BFS21A
8C149 -14 BCY59 .25 13FS28
BC153 27 BCY70 -25 13E561
BC154 27 BCY71 26 8E598
BC157 -14 BCY72 .24 BFX29
BC158 14 BD115 80 BFX30

-15

130530
BDY20
8E115
13F1 21
61123
8E152
8E153
8E154

"14 51159
BF160
8E161
8E166
8E167
3E173
BF177

BFX85 -35
BD132 -54 BFX87 -30
BD135 .37 BFX88 .30
BD138 -37 8FX119 1.25
80137 .3$ EIFY50 -25
80138 .33 8E1'51 -25
60139 .40 BEY52 .30
013140 -40 BEY53 -34
80239 .40 EIFY90 1.20

45 BRY39 -50
-45 BSX20 -33
.50 BSX21 -32
-60 130105 1.40
-ss 80205 2.20
.65 ME0402 -20
.66 ME0404 15
-45 ME0412 .20
.se mE4102 -10

1-00 ME4104 .10
MJd81 1.55

-25
25
35
30

-60
40

.35
-ss
-25
-25
-30
-35
-35
 35

MPSA58 .2.5
MPSUOS -50

-351 MPSU00 -56
'15 MPSU55 55
-15 MPSU56 .80
-15 TIP29A -45
17 TIP29C 60
18 TIP30A -49
.35 TIP30C -65
25 TIP31A .50

.35 TIP31C -66
'40 TIP32A -55
75 TIP32C 75

-24 TIP33A -WS
24 TIP33C 1.10
77 TIP34A .90

-45 TIP34C 1.20
-49 TIP35A 2.50
50 TIP36A 2.50
-28 TIP41A  70

2.80 TIP41C AO
1.38 TIP42A -SO

-30 TIP42C 1.00
-30 TIP2955 -85
35 TIP3055 -SS
351TIS43 -43

.55 MJ490 1.35
MJ491 1-55

.25 MJ2955 1.25
MJE340 .55
MJE370 -58
MJE371 110
MJE520 -45
MJE521 -65
MJE29551-50
MJE3055 .95
MP8111 -35
MP8112 -40
MP8113 -45
MPF102 -30
MPSA05 -25
MPSA06 .25
MPSA12 .40
MPSA55 -25

CA3320 2.00 LM748-8 -55
ICA3020A LM748N -55

2.25 LMI800 1 78
CA30288 LM1808 1-92

1-29 LM1826 1-75
CA3028A LM3301N -55

1.08 LM3302N1 40
CA3030 1.35 LM3401 .70
CA3030A LM3900 75

2.00 LM3005 1.60
CA3045 1.44 LM3909 68
CA3046 -89 MC1035 1.75
CA3048 2-23 MC1303 103
CA3049 1-80 MC1304 1-40
CA3050 2-42 MC1305 1.40
CA3052 1-62 MC4310 1-91
CA3080 -75 MC1327 1.54
CA3080A MC1330 1.00

1-81 MC1350 -90
CA3086 -60 MC1351 1.20

A3088 1-70 MC1352 1-10
CA3089 2.52
CA3090 4.69
CA310 -98

M301A -67
LM301N -40
LM304 2.45
LM307N A5
LM08C 1.32
LM08N A5
LM309K 1.85
LM317K 3.00
LM318N 236
LM323K 6.46
LM339N 1.40
LM348N 1.50
LM360N 2.75
LM370N 2.51
LM371N 1.70
LM372N 1 70 7611014
LM373N 2.50 76115N
LM374N 3-10 7611614
LM377N 1.75 76131N
LM378N 2-25 76226N
LM379S 3.05 7622714
LM380-8 -90 7622814
LM380N .96 7653014
LM381A 2-45 76532N
LM381 1.60 76533N
LM382N 1.25 7654414
LM384N 145 76545N
LM386N  80 76546N
LM387N 1.05 76550N
LM388N .90 76552N
LM38001 1-00 76570N 1.65
LM702C -75 7862014 .90
LM709C A5 76650N 1.10
LM709N .40 76660N AO
LM710C  60 7666614 -92
LM710N -GO TAA320A
LM723C 85 1.00
LM723N -75 TA350A 2-48
LM741C 85 TAA5211.00
LM741N -40 TAA5221 90
LM741-8 40 TAA550 .60
LM747N -90 TAA5601-75

MC1458 1.91
NE555 -40 TBA520 2-21
NE556 1-10 TBA520Q
NE565 1.30 2.30

5566 1-65
148567 1.80
SAS560 2-50
SAS570 2.50
5042 1-25
76001N 1.30
76003N 2.20
76008K 1-50

NEW CATALOGUE 77
2ND EDITION FOR AUTUMN
OVER 8,000 LINE ITEMS
Plenty of New Products and Ideas
35p POST PAID (25p to callers)

TAA5702-30
TAA6118

1-85
TAA62I 2-15
TAA661A

1-50
TAA68-113

1.50
TAA700 3.91
TAA930A

1-30
TAA93013

1.30
TAD1001.95
TBA120 -75
TBA400 2-00
TBA500 2-21
TBA500Q

2 30
TBA510 2-21
TBA5100

2-30

TBA530 1-98
TBA530Q

2-07
TBA540 2-21
TBA540Q

2-30
TBA550 3-13
TBA550Q

76013N 1.50 3.22
76013ND 1-30 TBA5600
76018K 1.50 3.22
76023N 1-45 TBA570 1-29
76023ND 1-26 TBA5704)

2.20 1-38
1-18 TBA641B
1.51 2.70
1-66 TBA651 2.20
1.20 TBA700 1.52
1-56 TEIA700Q
1-20 1.61
1.41 TBA720Q

-75 2-38
1-40 TBA750 1-98
1.20 TBA7500
1.44 2.07
1-65 TBA800 1-25
1-44 TBA810 1-25

 35 TBA820 1.25
-52 TBA920 2.90

TBA9200
2.99

TBA940 1.132
TCA160C

1.85
TCA160B

1-61
TCA270 2-25
TCA280A

1.30
TCA290A

3.13

WE STOCK MORE
 CRYSTALS
 VALVES
 CHOKES
 KNOBS
 CABLES
 CASES
 FUSES

 METERS
 TOOLS
 SPRAYS
 PRESETS
 NEONS
 HEAT SINKS
 INDICATORS

FROM
NATIONAL
TEXAS
MU LLA RD
SIEMENS
MOTOROLA
SIGNETICS
RCA, SGS

NATIONWIDE SERVICE

CLOCK MODULES
DIGITAL

Built and tested-reguireg only switches
and transformer to complete. 12 or 24hr
alarm modules.
MA1002F 12 hr Sin display 81090
MA1002H 24hr 5in display 510.90
MA1010E 12hr 84In display 5.14-50
MA1010G 24hr 84in display £1450

CAR CLOCK MODULE
MA1003 Built Tested 12V supply and
four -digit module. Crystal controlled
17-00. Data Sheet 5p + SAE.

DIODES -cfmaremillfrIMM1111==111
AA116 0.12 BA15$ 0.38 BYX1O 0-27 N4005 0-10AA118 0-12 BA159 0.51 0A47 0.13 144006 0-11AA119 0-14 BA202 0-09 0A90 0.03 N4007 0.12AA129 0.09 BAX13 0.07 0A91 0.03 N4148 0.87AA217 0-18 BAX16 0-10 0A95 0-10 144150 0.10
BA100 0.18 1313103 0-30 0A200 0.10 145400 0-14
6A102 0.18 BB104 0-40 0A202 0.14 N5401 -165
BA144 0-12 0-30 114914 0 07 N5402 175
BA145 0.15 BY128 0-29 IN916 0 07 N5404 .185
BA154 0-10 BY127 0-36 IN4001 0 06 N5406 -225
BA155 0.12 BY182 1.50 IN4002 0 07 N5407 0.27
BA156 0.15 BY206 0-20 1N4003 0.05 N5408 0.40
BA157 0.29 BY207 0-22 IN4004 0.09 S44 0.07

OPTO ELECTRONICS
Full range of Opto devices
in our New Catalogue
LEDS
TII 20919p 100 + pcs 12P
3mm Red 184, Green 25p, Yellow 239
5mm Red 219. Green 28p, 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 3-40 -5" Red

TTL FROM NATIONAL, ITT, TEXAS, SIGNETICS, ETC.
7400
7401
7402
7403
7404
7405
7408
7407
7408
7409
7410
7411

0-18
0-15
0.16
0.16
0.26
0-26
0-74
0.74
0-29
0-29
0-21
0.29

7412
7413
7414
7416
7417
7420
7423
7425
7427
7430
7432
7437

0-21 7438
0.51 7440
1.80 7441
0-61 7442
0.61 7445
0-21 7446
0-39 7447
0.39 7448
0.39 7450
0-21 7451
0.39 7453
0-53 7454

0-55 , 7460
0.21 I 7470
1-03 ; 7472
0.76 7473
1-35 7474
1-23 7475
1.17 7476
1.17 7480
0.29 7481
0-21 , 7482
0.21 I 7483
0-21 17484

0.21
0.46
0-33
0-43
0.43
0-53
0.51
0-45
1-10
0-67
1.33
0-85

7485
7486
7490
7491
7492
7493
7494
7495
7496
7497
74100
74107

1.85
0-41
0-61
0.98
0.61
0-61-
0.74
0.75
1413
4-69
1.15
4.43

74118
74119
74121
74122
74123
74141
74145
74151
74153
74154
74155
74157

9.90
1-30
0.49
0-45
0.51
1-03
106
1-11

11
1.85
1-11
048

74160
74161
74162
74163
74164
74165
74167
74174
74175
74176
74180
74181

1.41
1.41
1.41
1-41
1.23
1.23
3.70
1.52
1.35
1.23
1.77
3.70

74182
74184
74185
74188
74189
74190
74191

1.01
2-46
2-46
2-00
3-99
1111
1-91

74192 1-62
74193 1.62
74196 1-17
74197 1-17
74198 2-93
74199 2-93

74C MOS
74C00
74CO2
74C04
74008
74010
74C20
74C30
74032
74C42
74C48
74C73
74C74
74C78

0-26 74085
0.26 74C86
0-26 74C90
0-26 74C107
0.28 74C151
0 26 740157
0-28 74C160
0 26 74C161
0-92 74C162
2.30 74C163
0.58 74C164
0 89 74C173
0 58 74C174

1 90
0.58
0-91
I -30
2-62
2-35
1-18
1-18
1.18
1-18
1-04
0-95
0.95

LOW PROFILE
SKT

8 pin
14 pin
16 pin

18 pin 037
22 pin 0-30

0.15 24 pin 0-35
0.16 28 pin 0-45
0.15 40 pin 0.53

CMOS
LOW POWER
SCHOTTKY

CD40000-24
C040010-24
CO40020.24
0040061-34
CD4007024
CD40081.11
0040090-64
CO4010944
C040110.24
CD40129.24
CD40139.110
CD40141-15
C040151.15
C0401611-64
CO4017115

C040181-15
CD40190-79
01740201.27
CD40211.15
C040221-10
0040230.24
CD40240.84
C1340250.24
CD40270.64
CD43281.02
C1340291-30
ccf4ono64
CD40312.53
0040351.34
C040371.10

CD4041096
CD4042096
C040431-15
C040441.05
CD40451-59
C0404131-52
CD40471.15
CD40490-84
CD40500.64
CD40511-06
C040521 06
CD40531  06
CD40541.32
CD40551 50
CD40561 -50

C1340695-45 CD40810.25
C040601.27 C040820.25
C04063125 0040850111
0040660-80 C1340880111
CD40674.25 C040891.77
C040680-35 CD40930.91
CD40680.25 C040942.13
CD40700.65 C040951.19
C040710.25 0040861111
CO40720-25 C1345102-00
CD40730.23 CD45112-30
0040750-26 CO45162.09
C040761-17 C04518290
CD40770-68 C1345202.00
CD40780-25 74LS00 0-24

74LS02 0-24
74LSO4 0.27
74LS08 0.24
74LS10 0-24
74LS13 0-65
74LS32 6.25
74LS42 1.01
74LS74 0-48
74LS75 0.60
74LS76 0 40
74LS-85 1 45
74LS86 0 45
74LS90 1.00
74LS92 0-90
74LS107 -44

74LS1381.27
74LS151I -13
74LS1571-17
74L51601-40
741_51611-50
74LS1621.50
74LS1621-50
74LS1631.50
74LS1641-52
74LS1732.35
74LS1741.20
74LS1751-20
74LS

TRIACS plastic pack 400V
6 Amp 0-70 16 Am 1-10
8 Amp 0.75 20 Amp 1.70

12 Amp 0-85 25 Amp 2.00

THYRISTORS Plastic C106 118
4A 100V 0.35 8A 100V 0-43 12A 100V -57
4A 200V 0-40 8A 200V 0-49 12A 200V 65
4A 400V 0.49 8A 400V 0.62 12A 400V Al

VOLTAGE REGULATORS
500mA T0202 Positive 5.12.15,24110
500mA 70202 Negative 5.12.15,24v 1.05
1 Amp TO220 Positive 5,12,15,24v1-35
1 Amp TO220 Negative 5,12, 15, 24v 200

VEROBOARD
1 MATRIX COPPER BACKED BOARD
2.0" x 5" 50p 3.75" x 5" 55P
2.5" x 3.75" 42p 3.75" x 3.75" 504
2.5"x17" 114 3.75" x 17" 1.91
Spot Face Cutters 74p pkt. 36 pIns 36p
Full range incl. ind. board In Catalogue

SOLDERING EQUIPMENT
Antex Irons Mod "C" 15 watt £3.40
Stand £1.40 Mod x 25 25 watt £3.40
Spare tips & elements available
MultICOre solder dispenser 38p

SWITCHES
SPST 60,,
SP DT 66p
DPDT 709
DPDT C/off 809
As above but micro
SPST 509 SPDT 55p DPDT 60P
Full range of rocker, slide and rotary
switches always in stock.

WE ALSO STOCK MOST
COMPONENTS FOR E.E.

*PROJECTS*

CAPACITORS
Ceramic 03 volt 1pf
to -01 MFD 6p
Polyester C280 250v
-01 -1 59, -15-22 69
-33, 47, 10p Irrf
Full range of mica Polystyrene, Tanta-
lum, PolyCarbonate, and electrolytics
always In stock.

RESISTORS
1011-10M00 -25. 2p each, -Sw 3p each
also 1w 2w 2-5w 5w 10w + metoxide in
stock. See catalogue for full details.

PLUGS- SOCKETS- COUPLERS
PL. SK. Linn

131/4 2 pIn loudspeaker 109 7p 109
3, 4, 5, 6, 7 pin 15p 12p 1313

COAX Standard T.V. 109 104 30p
PHONO. Red, 131., Wh.,

Gr. Yel 10p 7p 10p
JACKS" mono plastic 16p 20p 20p
1" mono screened 25p - 30p
5" stereo plastic 25p 25p 25p
E" stereo screened 35p - 459
3-5m standard 10p 12p 10p
2-55m standard 10p 10p -
MAINS USA 2 pin flat 15p 15p I5p



AUDIO MIXER
A superb stereo audio mixer. It
can be equipped with up to 16

input modules of your choice and
its performance matches that of the
very best tape -recorders and hi-fi

equipment. It meets the requirements
of professional recording studios,
FM radio stations, concert halls
and theatres. Full construction

details in our catalogue. A
component schedule is available

on request

10 CHANNEL
STEREO GRAPHIC EQUALISER
A new design with no difficult coils
to wind, but a specification that puts

it in the top-flight hi -fl class. All this for
less than £70 including fully punched and
printed metalwork and woodwork. Send

for our component schedule now.
Full construction details price 40p.

in a modern world of electronics

PEDAL UNIT
A completely self-contained pedal
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!

BOARDS AND PCB's
Pages 59 to 61 of our

catalogue show you our
range of Veroboards and
S-Decs or if you prefer to

make your own pcb's a range
of etching systems including

the novel etch -in -a -bag
system, plus printed circuit

transfers for that professional
finish to your boards.

Who says the Maplin
Catalogue's worth having?

"in our 'musts' for readers -to -collect list" -P .E.
"containsi.. justabou everything DIYe

electronics enthusiast
"probably the most comprehensive catalogue we have

ever come across"-E.E.
"has been carefully prepared and is very well

presented..-R.E.C.
"make the job of ordering components an easy, accurate

and enjoyable pastime-P.M.
"Only one word describes the publication-superbl-

OVER 60,000 COPIES SOW DON'T MISS OUT'
SEND 60p NOW

MAPLIN ELECTRONIC SUPPLIES
P.O. Box 3, RAYLEIGH, ESSEX SS6 8LR

Telephone: Southend (0702) 715155
Shop: 284 London Road,
Westcliff-on-Sea, Essex.

(Closed on Monday)
Telephone: Southend

(0702) 715157

THE 'DRUMSETTE' RYTHM
GENERATOR

Organists, pianists, guitarists ...
an automatic drum set to accompany
you! Nine highly realiStic instruments
play fifteen different rhythms. Fifteen
rhythm -select touch switches and a
touch plate for stop,"start without

rhythm change gives absolute ease
of operation. Build it yourself for

under £65 including smart teak -effect
cabinet. See it and hear it in our shop!

Send for full construction details
now: MES 49 price 25p

Our bi-monthly
newsletter keeps

you up to date with
latest guaranteed prices-
our latest special offers-

details of new projects and
new lines. Send 30p for the

next six issues (5p
discount voucher
with each copy).

iga 11.1

POST THIS COUPON NOW
FOR YOUR COPY OF OUR

Ar
CATALOGUE PRICE 60p

Please rush me a copy of your 216 page
catalogue. I enclose 60p; but understand
that if I am not completely satisfied I may

return the catalogue to you within 14 days and
have my 60p refunded immediately.

ADDRESS k --, ^t.
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