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INTRO-94 ’

This bock & & reprint of the 1084 edilion and shows the material we
praduced 10 years ago is still current. The onfy thing wa have done is
incraase the number of pages from 88 to 74 to includa sama extra
arficles.

As you can eea, publishing is a leng-tarm vanture aa it has taken 5
years to sall the 20,000 copies we had prirted. We have heen out of
copies lor nearly 5 years now, due o the high cosi of pnntlng but the
demand has lorced va 10 wpHnt.

My ntention is to build a sollection of bcuks at your Iaml alectronics
siore o get the equivalent of a mini encyclopaedia in electrenics, sl
voery low cost.

Up to now we have produced & Electronics Notebocks. Number &
has a complele index so you have a reference far all the issues.

Keap a look-out at your local aleetronics store as new books will be
released as soon as we get the pages ready.

CONSTRUCTION
| hava mentioned |t bafore, but | will say it again: The only way i
learn electronics is by construction. a

It doesn't matter if you build only one project a month, the essentlal
patt iz 10 keep up tha practical side.

Chwiously, the mora projects you build, the mem you will learn and
the theory will be re-Infareed at the same lime_ Talking Electronics has
over 140 projecis so thera's no excuse for not finding somsthing
interesting.

Our trust has always been te presart the FUNDAMENTALS of
alactronics and hat's why many of our projects are slmple. They are
" deslgred to increasze your knowladge of BUILGING BLOCHS,

- Buikling blocks are the basis of slactronics. When you need to
_ daslgn semething in the future, you will find #t consists of a number of

thase blochks, B you have studled tham, as we have suggested for the

‘past 10 years, you will be surprised how easy it iz 10 put somathing

together. On quite a numbaer of occassions | heve Inprassed mysalf
by getting a complex design to wark, simpl ’y by {ollowing the approash

k have oullined in this series of notebooks. If it works Tor me, it will waork

for your, Trugtme, I'm an slecironies techniciand

First printing 1684
Second printing 1984
SColin Mitchell
010884 - 41 - 20k
3074 - 50 - 20k

Yaou can copy any part of this book for your ewn uge or for class
noles up 16 a maximum of 8 pages.,

Bulk copies are avallable for schoods and clubs, Orders canbg zent
to: Talking Electronics, 35 Rosswarne Avenus, Cheltenham, Yie,

3192, Tel: (03) 584 2386,

Printed In Australia by Westerport Prinling .
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1 GATING WITH DI60ES CAN BE B VERY SIMPLE WAY. of GETTING °
G AROUNGD. A GATING, PREBLEM. (IOOES ARE VERY CHEAP AND THKE
| veverRx GTTLE SPACE AND (AN BE LOUTTED ANY WHERE..ON THE PC. E:aﬂho
! n\éﬁrames WRICH ARE BROVFESIN. AN 1L PACKRGE.

-' HEP:E ‘ARE WO MAaIN WAYS oF LONSIDERING R GATING CROBLEM.
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2 KT
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R ” "~ RES, .ou-r .
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NOT LERVE ANY MARGIN' FOR ERROR, o

A !MPRWED Qeoiant INCLUDES AN ADOYTIONAL  OIQOE [N THE BASE
LANE;, TTHS TI00E wice DROP A CONSTANT 16v AMD. TS MEANS THE :
BAsE MULST RISE {Gv *sbv -2y ‘?:E'Eoﬁ:i THE TRANSISTOR Wil
“Toln ON, — DEE NE®T. ?HG .
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The Electret M'icrophuone

Almost all modern audic
prolects use amicrophone called
an ELECTRET MICROPHONRE as
the audie pick-up device, 1 is the
cheape st and best on the market.

Evan thaugh the electret mlarophone
appaars fo be very simple, it is reafly an
emazing piece of decironle anginearing
ard yat very little has bean wiitlen on
heow it worke and how it 1s cormecied to
acircuit. This articke should changa that.

Tha elecirel miorophone iz one of the
most receryt mlarophones to coma on the
marke!. The parllaat successaful

microphone was the carbon type as.

found in old-styl& 1alephonas, then came
the dynamic microphone, crystal

The electrets we uze loday are really
IMSERTS rather than "microphones” as
the term microphone |3 the hand-held
device comaining tha companentry, with
a cover and base atc.

The alectret insart looks [ike an
aluminlum case with two leads emerging
at one and. The othwr @nd has a hole for
the sound ta enter and move ihe
dlaphragm. Cwer this hole |s placed a
thin place of gauze to prevent dust and
rmolsture from entering and touching the

elactret maleriaf.

Inalde 1the microphone there are only
two components, the thin diaphragm
(the akactret malerial} and a Fisld Eflect

- amplifying chip as shown in the flrat

diagram.
The chip has the code niumber K&5 {or

signity a good device or a
paar device, It is one of tha
charactst| stics that cannot
be ailered and dovs nol
effect the operation of the microphona,

The naturally-
occurring
charge on the
insulaled
Hick metal
dick is
passad to the
Figld Effect
device for
ampficaton,

The chargae-disiribution on the
elaciral microphone

miora e and a whole range of
varations uging those types of tech-
nology.

Than came the @2lectret

microphone, Tt is complelely dif-
ferent. it uses the lateat tachnalogy.

lf is in the family of condenser
microphones but uses = recently

glaciret dviaphragm

alumintumn plastic insulatar to
hold plate and FET

). swaged

overything /
outpUt £

caca

12 heold
front -

daveloped plastic for tha diaphragm ' case of microphons
and & Feld Effect dwio:ﬂ as the bl..l|1l' audio - of goes 1o negative rail
m amplfier. #5 maln advenlage Is o mieTo-
high sensitivity arxl the fact that no | The "All phane THEEEECEHI\IET
- patantal 15 raqu;r;d :In produce the | |mporta MICROPHONE
polartsing of the diaphragm. air gap printad
Tha firat davices were produced by cireuit HOW IT WORKS

Bl Tefephona Laborateries in the
USA around 1569 and by the Sony
Corporation of Japan.

Tha elactrat microphone works an
tha principle of an alectic field. Thiz
sleciric fiekd Is parmanently applied

insulated plaie with  lead welded board ":'ha arl:diu entering :Ee
o plaie micrephone movas the
alr holes °P EE:;ET plaste diaphragm ard this

INSIDE THE ELECTRET MICROPHONE

causaa ihe naturally-occur-
ring charge on a nearby
thick metal plate to ra-diz-

to a shaal of plastic during manulac-
ture and ramaing on the sheet for the ife
of ths microphone. This was one of tha

. moat difficult thinge to achigve. As you
know, an slectroatatic chargs soon dis-
sipatea from a charged body and getting
the plastic to retain the charge was a
breakthrough. This is called the electrat
phencmenon - the name coming frem
#a analagy of the magmetic tieldin mag-
natiam.

The electrostatic charges on the plas-
tic diephragm ate parmanently present
due to the special typs of metallised foil
and the mamdacturing procees.

The fistelectrats used very thin shests
o! metallised flcrogarbon or polycar-

.bonate . aubjscted to a slreng electric
flald, so thet the electrostatic charge
remained on the material afler the field
was ramoved.

Early slacireta suffered from cherge
dateroration, aspecially In hot humid
condiiens but this has bean overcome
with mofe-medlem plagiics.
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a similar numbaer) and is wither a slmplse
FET transistor o as the early delails of
the electrat daviee have slated, "an
amplifying chip using Field effect
devices.”

In any case, the Field Effect amplifier
requires anfy a very low voltage for it o
aperate.

A supply voltage from Sv o 15v can
be used with the appropdate load resis—,
tor. The load resister should be at jeast .
10k pot volt. This means for a supply
voltage of 3v, the load realztor should ba
at laast 33k, .

The chip will then draw its cperating
curretit and produce a voltage across
the lgads of the microphone of about
S50m¥. Thiz is aufficlent for the
micraphong 1o work. Under normal con-
ditiona the cuiput will be ebout 10 -
30mV.

Some microphones will produce & volt-
aga higher thar 50mY ag the DC com-,
ponent and this does not necessartty:

-

tribute.

The charge-movement then flowe Ints
a Fizld EHect chip that amplilas the
charge to produce an autpul.

Wea have shown negative charges
enlering the Field Effect device in tha
second dlagram but this |3 only diagram-
matlcal. The positive charge may, infact,
flow into the amplifier.

THE AIA GAP

The spacer betweon the elactrat
material ang the plate produces the ALL-
IMPORTANT air gap of the "capacilor™
whilla the spacer on the other side Iz an
annulus {ring shape} to held the Hhin
alacirat matetial In place. A plasiic in-
sulater holds the plate away from tha

melal eaze to keap It insulated.

The thick metal plate haz holes [n il to
allow the air lo pass through as the
dlaphragm vibrates, The air spage Inside
the micrephone allow s the air to pass io
and fro withaut any restiction,

The fiald eHect chip |s fltted Inside the,
caise With ‘oné lead welded 15 The Tetal *



HOW A SWINGING
MOBILE WORKS

We have nll sean mobiles that swing
back and forth In shop windows - they
atimact pur attantion.

Thasa claver devices usza a comblna-
lion ol meachanlcz, slactrics and
electrenics to preduce an amazing
visual affect.

Their operation iz so slmple yet pasi-
tivaly brillant. Leamning how they work
wil help you understand many ather
slctrical and slectronic components In-

cluding the loudspaaker, transiormer; -
tank ci

cult and how a Tansistor turns
OM and OFF.

o =

Fig 1. The effact of pagsing & magnetinia
ard out of 8 oofl
Before we go into the
prnclple of operation of 2
moklle we naad 1o covear

. 80me of the basic nuies of
elsctromagnalism.

in figure 1 we have a coil
ol wire -connecied 1o a
caintre-zero volimaeter.

{a) When the magnet is
maved tawards the call, 5
the .naedla will read up-
scalp, Whan it is
withdrawn the neadla will
raad down-scale. Thia
shows wvoltaga g
producad nona dlrection
when the magnet ap- N
proaches and in tha other
direclion when the mag-
net ia withdrawn.

(b) If tha magnet is

Magnel on snd of
pandulum

moved quickly into the
ooil the hr]mhedle u;'iH'

rodice a et reading
llp'mn 1 mw’ag slowly. Thia
shows the voltage s de-
‘pandient an the speed of
the magnat. -

i) 1 the magnei ia

EXCITING COIL

{axelles the
fra nslslu”u furn

natlc lorce.

These are the three facts you need to
remember when siudying the operztion
af the mobils,

HOW THE MOBILE WORKS
Tha mobile consists of two coils of wira
wound on top of aach othar and

-mounted in the bass oftha mobile. Along

with this is & transistor, a current-limiting
resistor to prevent the base from balng
daraged and a power souree such as
two cells or a Ov battety,

Tha circuit dlagram shows the colla
separglely big in fact they are wound
tegether to term an elsclromagnet. The
pendulum of the mabile containg a mag-
nigt and it 13 imporiant that the north pa:ﬁa
is down, for the ciredit to wark. If the
aouth pole is down, the windings of the
coils would have to be around the other
way.

The direction of winding of the twa coils
is slso Important as is the connection of
tha ande of the coils to tha emitter, nega-
tva raif and eumentlimiting resistor,
Wien you have all these correct, the
cireuit will work,

Whan the aupply is connectad, the fran-
gistor will not turn on since the bage has
ne veltage on it and thus po current s
dtawn from the batlery,

To start the clreuit working, the pan-

The wransister supplies energy fo the
main coll and the flux pm-ducec{ by this
coll cuts the turns of the exciting coll and
turna the transistor OM aven hardaer. This
provess confinues very rapidly until the
transistor iz fully turned on and the main
coll is preduging maximum fiusx,

This flux pulls tha magnet classr and
gives the pandulum a small amaount of
srergy sc that it can maintain the swing-
ing action.

Howavar thera’s an [mportan! fact we
must not over-lock. Whan the main coll
Is producing maximum flux, the flux is
not increasing in velue and thusg it is not
cutting the turns of the exciting coll and
30 the trangistar 13 not being kept on.
What is happening is the magnet i& gel-
ting closer and ita flux i cutting the tuma
of the exciting coil, thus keeping the
transistor on,

¥When the magnet reaches the bottom
of ita travel, the relative forward mation
betwasn the megnet and the axciting
ooil ia zoro and o the voltags in the cail
drope 10 zere. This turns tha translster
off and ag the meagnst swings up tha
other side, the voltage prodused by the
axclling coll reverses and does nol have
any eiffect on the fransistor.

The oycie rapeats whan the penduium
advances towards the ocil from the op-
posite direction and the effecl we see ia

“parpetual motlon® as
there are ne wires or

R

MAIN COIL
it ON}

molgrs leuching the
pendulum - if's all done
with magneligm!

The pandulum can
have extra countar
m— welghls or secondary or
— Y/ teriary pendiulums o

T produce all sods of in-
freguing effacts.

Even a gyrozaopia
wheel on a curved in-
cling operates in exactly

+
———

= the same wey. #t hag a

magnet mbeddad In the
circumference end as it
pasges the cofl, H
recalves a briat pulse of
enargy that keaps it
spinning.

moved Ino the coll and

hald sialicnary, the

neadle. witl mova to the

ceritre {zero} position and remain at
2ERQ, This means it is NOT the mag-
nefiam that creates the voliage bt the
- Ingreasing or decreasing lines of mag-

CIRCUIT IN BASE OF MOBILE

dulum is pullsd back and as it swings
towards the two coils it produces a vait-

age in'the “exciting coil* that tums o shi:|

fransistor. b
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Vory old battery clocks

using a balance whest

{a whesl with hair-
gping) amplay the aame principle too.
A magnel attached to the balance
whael has energy imparted to it sech:
time it passesthe cail, - o



