Delhi, 2004

Science meets Dharma, 2011
Sera Monastery Bylakuppe

Werner Nater & Sibylle Menet, translated by Tenzin Choekyi

SESSNO01/3.9.11/W. Nater



Physics: Electricity Page 2

1. Electricity — Introduction % A E’gﬁl

Electricity is the name given to the electrical phenomena, which is all around us. It's hard
to imagine modern life without electricity.
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From lighting a lamp, electrical outlets where you can plug in all sorts of electrical appli-
cances, most portable devices which contains batteries, to what holds atoms together as
molecules and to the impulses that travel along your nerves — electricity is everywhere.
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Other examples:

The control of electricity is evident in many technological devices. In this technological age
it is important to understand the basics of electricity and how these basic ideas can be
used to sustain and enhance our current comfort, safety, and prosperity.
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2. Electrical Force ’ﬂrﬂ"ﬁ'i“'ﬂ‘“m

Experiment 1:
SEARERR

Observation:

-~

CEERY

Explanation:

Comb clean, dry hair vigorously with a plastic comb and hold it against a

small piece of paper.
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The hair sticks out and is attracted to the comb. Small pieces of paper
also stick to the hair and comb.

N

RS ey v arx s iagsada et gaas
asx F s

When we comb our hair vigorously the force of friction between the
hair and the comb causes electrons to be transferred from the mole-
cules of the hair to the plastic comb. The comb becomes negatively
charged. The hair becomes positively charged. The individual hairs
push each other apart or repel each other. The charged hair and comb
attract small pieces of paper.
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Experiment 2: Rub a plastic rod on your cloths and hold it towards a metallic sphere,
without actually touching the sphere.
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Observation:

CEERY

Explanation:

A

Experiment 3: Rub two balloons on your cloths.
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Observation:

CEERY
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Explanation:

A

Experiment 4:
RETRIT |

Observation:

CEERY

Explanation:

A

Briskly rub a comb on a woollen garment and bring it near a small but

smooth stream of running water.
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3 v y N y y
Summary — Electrical Force: % R’ N g A’ A| AN

1. The forces between charges are called electrostatic forces.
2. There are two types of electric charge, positive and negative.

3. Like charges repel. Unlike charges attract.
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3. Electric Charges 95:“1'[1*1

The positive and negative particles in matter are carriers of electric charge. Charge is the
fundamental quantity found in all electrical phenomena. The positively charged particles in
ordinary matter are called protons, and the negatively charged particles are called elec-
trons. The attractive force between these particles causes them to lump together into in-
credibly small units — called atoms.

Atoms also contain neutral particles called neutrons. When two atoms get close together,
the balance of attractive and repelling forces is not perfect. Electrons fly around within the
volume of each atom thus creating areas of exposed charge. The atoms may then attract
each other and form a molecule. In fact, all the chemical bonding forces that hold atoms
together to form molecules are electrical in nature.
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Figure 1: Model of a helium atom. The atomic nucleys is made up to
two protons and two neutrons. The positively charged protons attract
two negative electrons. What is the net charge of this atom?
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[N . ~
Summary — Electric Charges: % & ‘”&NI T RAT

1. Every atom is composed of a positively charged nucleus surrounded by nega-
tively charged electrons.

2. The electrons of all atoms are identical. Each has the same quantity of negative
charge and the same mass.

3. Protons and neutrons compose the nucleus. Protons and neutrons have about
the same mass. Electrons are about 2000 times lighter.

4. Protons have a small positive electrical charge. Electrons have an equal but op-
posite (negative) charge. Neutrons have no charge.

5. Atoms usually have as many electrons as protons — so the atom has no overall
charge.
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4. Conservation of Charge &vﬂ'ﬂ*'ﬁ’i"‘ﬂ“l

Material objects are made of atoms, which mean they are composed of electrons and pro-
tons (and neutrons). In a neutral atom there are as many electrons as protons, so there is
no net charge. The positive balances the negative exactly.
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If an electron is removed from an atom, then the atom is no longer neutral. It has one more
positive charge (proton) than negative charge (electron) and is said to be positively
charged. A charged atom is called an ion. A positive ion has a net positive charge. A neg-
ative ion, an atom with one or more extra electrons, is negatively charged.
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Each proton has a charge + ¢, equal to 1.6x10™"° Coulomb. Each electron has a charge —e,
equal to —1.6x10™" Coulomb. Why such different particles have the same magnitude of
charge is an unanswered question in physics. The quality of the magnitudes has been
tested to high accuracy.
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Electrons closest to the atomic nucleus, the innermost electrons, are bound very tightly to
the oppositely charged atomic nucleus. The electrons farthest from the nucleus, the
outermost electrons, are bound very loosely and can be easily dislodged. How much work
is required to tear an electron away from an atom varies from one substance to another.
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When we charge something, no electrons are created or destroyed. Electrons are simply
transferred from one material to another. Charge is conserved. No case of the creation or
destruction of electric charge has ever been found.
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Figure 2: Electrons are transferred from the fur to the rod. The rod
is then negatively charged. Is the fur charged? How much com-
pared to the rod? Positively or negatively?
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5. Behaviour in different matters g'i""’«ﬁ'ﬁ %’g‘ﬁ'@"”

It is easy to establish an electric current in metals because one or more of the electrons in
the outer shell of its atoms are not anchored to the nuclei of particular atoms. Instead they
are free to wander in the material. Such materials are called good conductors. Metals are
good conductors of electrical current for the same reason they are good heat conductors.
Electrons in their outer atomic shell are “loose”.

The electrons in other materials, rubber and glass for example, are tightly bound and be-
long to particular atoms. They are not free to wander about amongst the other atoms in the
material. Consequently, it isn’t easy to make them flow. These materials are poor conduc-
tors of electric current for the same reason they are generally poor heat conductors. Such
materials are called good insulators.
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s Figure 3: It is easier to establish an electric current
= through hundreds of kilometres of metal wire than
2 through a few centimetres of insulation material.
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Why are metals good conductors?
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Metals have their special properties because of the atoms of which they are made. In a
piece of metal, the atoms are packed together in a regular pattern — called a lattice. Some
of the electrons can move freely in the space between the atoms. The freely-moving elec-
trons can transfer heat and electricity through a piece of metal.
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Figure 4: A model of how metals conduct heat and electricity
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Metallic elements have atoms, which lose some of their electrons quite easily. There are
only a single or few atoms in the outer orbit. This is a very unstable arrangement. If the
atom loses these electrons, it will end up with a full outer orbit. These ‘free’ electrons can
move around in the spaces between the atoms. They are shared between the atoms in the
piece of metal.
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The electrons carry a negative charge. The metal atoms carry a positive charge, because
they now have more protons than electrons. The positive and negative charges attract
each other, so the whole arrangement is held closely together.
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The free electrons explain why metals are so good at conducting electricity. The elec-
trons in metals can be made to move in a particular direction. This movement is what we
call an electric current.

& SQI i&lt\l oL ﬁﬂl leé'\ Ba- %“ﬂ& ’\’ﬂ& %&Ng}ﬂ@@ﬁ NQ F,jﬂ W ﬁ’ﬂ U\IJ\ fJQ Qﬂ‘ll I:I.Fﬁ sﬂ
g RaagrigR e Ny e dy A SRy aqags(qdaga) R
Hay il £

Most metals melt when heated. Heat is conducted through a material by the movements
of its particles. The free electrons in a metal can easily vibrate when they get hotter, and
bump into neighbouring electrons, making them vibrate as well. In this way heat is quickly
passed from one end of a strip of metal to the other.
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When a piece of metal is hammered it can easily change shape as the layers of atoms
slide over each other. This is why metals are malleable. For the same reason, many met-
als can be drawn out into thin wires. They are said to be ductile.
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6. Electric Current and Flow of Water
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In the picture, water flows from the upper reservoir of higher pressure to the reservoir of
lower pressure. It will only flow as long as a difference in water level exists. The water con-
tinues to flow because a difference in pressure is maintained with a pump.
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Draw the corresponding wiring diagram:
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upper reservoir
(higher preassure)

water tap

lower reservoir
(lower preassure)

water pump Jw water wheel
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There is a similar situation with electric current. Charged particles will flow from one end of
a wire to the other. They will only flow as long as voltage is impressed. Without voltage, no
charge flows.
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Electric current is simply the flow of electric charge. In circuits of metal wires, electrons
make up the flow of charge. This is because one or more electrons from each metal atom
are free to move through the atomic lattice. Protons, on the other hand, do not move be-
cause they are bound inside the nuclei of atoms, which are more or less locked in fixed
positions.
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Charge flows only when they are ‘pushed’ or ‘driven’. A sustained current requires a suita-
ble pumping device to provide a voltage. An ‘electric pump’ is some sort of voltage
source. Generators or chemical batteries are sources of energy in electric circuits and are
capable of maintaining a steady flow. They do work to pull negative charges away from
positive ones.
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If there is a voltage across the ends of a conductor, a current flows through the conductor.
But for the same voltage you do not always get the same current. Some conductors will
allow a large current to flow, while others will only allow a small current to flow. How much
current there is depends not only on the voltage but also on the electrical resistance the
conductor offers to the flow of charge. A conductor with a high resistance ‘resists’ the cur-
rent, and only a small current flows. This is similar to the rate of water flow in a pipe, which
depends not only on the pressure difference between the ends of the pipe but also on the
resistance offered by the pipe itself.
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7. Electric Current o ﬂv“]'%ﬂ

7.1. Definition
Definition: Electric current is a flow of charge. It transports energy from one place to
another.

As a model it corresponds to water molecules.
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Symbol: I = Electric Current
FFRINN

LA

Measured in:ﬁ A = Ampere
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Electric current equals charge per time i&\!'égi\'aﬂ"'ﬁ\"'ﬁ?’ﬂ'ﬁﬂ%’ﬂgﬁgﬂl\!'ﬂ'%’ﬁ:’ﬁﬂ'gq'&éi&‘

written as formula: araay

- Q Charge
¢t Time
1A=1C/s A... Ampere  5aFwaRx|

C... Coulomb Iz ma
s... second §X& |

One Ampere is the flow of 6.25 * 10"® Electrons per second, or 1 Coulomb per second.
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Exercise: A total charge of 2 Coulombs passes a point in a wire in 4 seconds. What is
the current?

~ -~

§rogx)  gREnd N j‘ﬁ 3573 ‘3’“1""5]“1@’\ B5 2§38 Coulomb-TH &
ARINRATRA] & "%W‘W;ﬁ AR

3.9.1 Sibylle MeretWerner Nater



Physics: Electricity Page 18

7.2. Electrons moves slowly ?'4 ﬂ"!\l‘m'ﬁﬁl'ﬁ’a'RR'«?\N'R%UJ"!QTS\ al!

The electrons in a wire move very slowly at about 0.1mm/s. It takes them 1 hour to travel
36 cm. But when you switch on the light you will immediately have light. How can you ex-
plain this?

quéﬁg:mgqsmg&& NRE I 01mm6’&ﬁmquxqmaﬂmgﬁgmﬂ Fay
Smg&&gaﬁqsqqz 360mqgmmﬁigﬁgwﬁ wqu:gqﬁxi&m&&xgq
A7JINGIY AR AR ARFINENAYAIEF Y]
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7.3. Direction of eT |I+ A V’q'%q'@'q@ SRR R

flow of %en people first began to study electrlc current, they assumeg ﬁ!eftFwas a flow of posi-
tive charge, from the positive end of a cell, around a circuit, to the negative end. It was a
long time before scientist discovered that it was, in fact, negatively charged electrons,
which were moving! By this time, everyone had been thinking about current flowing from
positive to negative for so long that it was impossible to change. So we still consider cur-
rent to flow from positive to negative. This is sometimes called ‘conventional current flow’.
But do remember that the real flow of electrons is in the opposite direction!

’\

AL LRI *g’:“ﬁ*ssgm m:%&aqm&q:maﬁq@&;&&g’qﬁagﬁg&
q&&&@gﬂﬂﬁqgﬂmgwﬁgmqﬁq q&i&éﬁxanqqqg&m &z Ray
m&q&xigﬁmoﬁ%qugmmr\gqmgqsmg&&qgmmﬁﬁgmgwﬁm?qaq

i&éﬁ nx@gq&:g&%&&&g}q gs\q mgq& (ﬂﬁ&& BAA (- )QRQ@EW wﬁm

QAN A vdﬁ AEN m;s\ Qgr\ QRRRNGRA’ R’ﬂ

R{ N9
225
9-2) 24

19

9

5@5&:6::5&5§w:gmgqqmgq&(+>§&&gq&< )nxg NG ER AL |
uw ﬁ@&é&&xggmgg}qys& AEELNSS gmsmf:@ AEER SRS S

g’ﬂ § U\I%ﬁi&&& Q’\Qﬁ’ﬂ ﬁﬂ&j
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v v
8. Voltage 1 & A'QAIN]
Definition: The voltage pushes the electrons around the circuit.
As a model it corresponds to water pressure
A Y
Qﬂ‘llﬂﬁ\ﬂ gqm&q:mgﬂsmg&&gqﬂq&gmgmxgﬂ
1y “15\5\51‘1“
S?’bOI: V i VOItage ‘:lorch needs 1 51Vce‘\\|s;
&I % %NN1 laptop c iter wif
Measured in:Q V = Volt
B REX WAV

Voltage Sources:

Voltage equals energy per charge

1v=1J/C V... Volt J... Joules C... Coulomb

Each Coulomb of charge is provided with energy of 1 Joule.
DD e "~y QA LS, , o~

CoulombX AR ARV JouleTOA A N GANAA]

1) Cell, Battery or 2) Generator

As model it corresponds to a water pump)

Frrgmedagrmas)  FNqwa e
4'1 Qﬁ§ Q@"J Q[ﬂ’\ ﬁ&g;q Qg‘il QF!’\
(Rgmergmgiygaszag))
5,2
>~ w
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9. Measuring Voltage and Current

¢ FgIRENgASTeRTE

9.1 Voltage Measurements ¢y Fygaaasasarga

A voltage meter always bridges the load. So the voltage meter has to be connected paral-

lel to one or even several loads. In the same manner the voltage source/sources can be
measured:

ﬁqa@qa'%ﬁ@ﬁ'q@&raﬂ' voltage meter\l @'ﬁq'ﬂqﬂ'@'qxgﬁ'@ﬁ'@ﬁﬂ
iﬂ"ﬁﬂwgﬁéﬁ'q@wawﬁﬁﬂ"QQW'q]%ﬂwm’\'iﬂ"ﬁﬂ”&:ﬁmﬂﬁﬁqﬂ:\éﬁ'@ﬁ:ﬂ
%%’iﬁﬂ S - @:’@:N%w:wﬁ' éi' =

Examples:

hlack red hlark o To measure thed%voltage of batteries:
A ."'-"'1, s [ ',.----.,.|I g NN A ~_. a
) (+) CRECRER R AEREEEE

i ——i—

To measure the voltage over the left bulb: quEq S Faygauggaarga|

I-I-
1

Exercise: In the wiring diagram below all bulbs are exactly the same. The battery has a
voltage of 9 V. What voltage does the instrument show?

-~

g:‘ﬂﬁﬂ
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® 4 Measuret . .
|_.__||||+7

flow of elec

+
L®—||||7-al to a load.

&

ey |

v
0 bad Page 22

fore the am

K—1

in the cir-

|+
i

Al

Attention E{ﬁ:%qﬁnﬁqfﬂ
If you put an amperemeter parallel to a load it will damage the amperemeter.

P E T IR S amperemeter A s g I F R EA I3y

Examples:

3.9.11
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Electric current 53"1 g"ﬂ
Eﬁelatlonshlp between Electric Current and Voltage

90 gqiqmﬁng%qg ‘R QA

CaBbwsics: Electricity
Voltage

Electric current is caused by voltage. The flow of charge persists for as long as there is
voltage. Without voltage, no charge flows.

-

aﬂgﬁﬁﬂﬂﬂ““i”&@@%@@ RaR Qﬁi’ﬂﬂﬂ&ﬁg&“%”‘1‘3“”5“@‘%5"’”"’\
JMININ] ATMUVEFET FNININI A

Exercise: What will happen to the electric current when you increase
the voltage?

g:'mgﬂ il tq'ﬂnq&'% X 'ﬂ?{:':w g ﬂng’agr\‘mq:@::w
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SRR . Resistance
) SRR

Definition: Resistance is a property of the conductor that lets the current flow. It de-
pends on: material, length, thickness and temperature.

QuiEs|  FUFMFIATAIN aggEs) IFAg5AgAvgUAPTEY
SERY %‘%g'g&} RgR| NGABR IR AT BT ARK A NN LG AR

N

More water flows through a thick hose than through a thin one. It is the
same for electric current in thick or thin wires that are connected across
the same voltage.

@'Qﬁg’g'ﬂgn’&” 'ow'avﬂ'% q'ﬁ'ngﬁ'g'&:'m'qé 59V AS) R a]FFay
ﬂﬂ&'ﬂ%ﬂ'&@:&@ﬁ Lq'gﬁ'&g U 'ﬁ:’g@&’&'mr\'ﬁw:’g’ N 5FAFI
JRNRAFTRS

Symbol: R = Resistance

NES BN

Measured in:Q Q =0hm
R WA
1Q=1V/A Q... Ohm

V... Voltage
A... Ampere

A resistance of one ohm carries a current of one ampere if there is a volt-
age of one volt across it.

VR VYT o RN XSS SR G aRad)
H 38 JNBFITLA
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Exercise: The voltage impressed across a circuit is held constant, while resistance
doubles. What changes occur in the current?

Frmgx aqﬂq& 3 QR ARy 8] g;nq sy g:mgqﬂq& REATNR AEAE
QA NES 5’“1%%‘”@@’*““1“‘”55“

The resistance of a circuit remains constant, while voltage decreases to
half of its former value. What changes occur in the current?

aqm&q:g;qqqqngqm TR 5’“1{’1‘““ Rx=ay 55"15‘@5%
Fay SENRIRA A SR

3.9.1 Sibylle MeretWerner Nater
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's Law

1933

Ohm’s Law shows the relationship between voltage, electric
current and resistance:

The voltage is proportional to the current with the resistance as
the multiplier

v ga3a g aqusy Fgs Ffmprgaga

=N

g awgwwaﬂgfﬁwgaw m&ﬁangag

Formula zzy: Voltage is equal to resistance multiplied by the current
I

Units:

Fad)

Exercise:

g:'mgﬂ

TR E 55 g AN FT QN ER|

V=RxI

1A=1V/1Q

A voltage of 1V across a resistance of 1Q produces a current of 1A.
i , N N N N T R N Y, =,
TNV NTRGASNNT @ MEANATIH A NETRIRFH NI

A light bulb has a resistance of 100 Q. An iron has a resistance of 20Q. Both
are impressed across the main power supply at a voltage of 230V. Where
does more current flow, through the light bulb or the iron? How much current
flows?

N Vg a ~ A

AR ‘%“1 ‘“E‘WQW &argoo “51 AR HETRAT A [
~~ ~
AT SEREG] ﬁj@i“ﬂ%ﬂ“ﬁ!’ﬂﬂﬂ“ “’*‘M"JF"H”‘“@%T
RJEUsgagn ] AHTARANAN I TGN R R 5581
ay gq NELY 0@:1& SRR

-9

P.B{D 95{

’\
’\
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v y
Exercises J~RRR]

1.

What is the resistance of an iron thatﬁdrawe/ZOA when connected t9 a 230V c[r;:uit?

vﬁvﬁvvv Y-y , I - vy P~ = oy ) .- N
AR QUG A ANER v A RIFLINGFF AR 204 ‘RRS| ANF A RRA A SHRA
A

. An electric current of 0.2A flows through a lamp with a voltage of 2V across. What is

the reS|stance of the Iamp’?
M“ﬁ“r‘ﬂ"tﬂﬂ" 2v “i”@ﬂﬂ“gﬁﬁt“tg%m Q@‘W““i ét“t“‘ii“
Fraf ey

An electric current of 0.5A flows through a bulb with a voltage of 20V across. What is
the reS|stance of the bulb?

aﬂﬂﬂ“%‘tmﬁmﬂ"t“mv ‘”ﬁ”@’ﬂ"t“g’iﬂ"t@%% qngn | ERfa
AR AR

. How much current will flow through a lamp that has a resistance of 60Q when 12V are

|mpressed across |t’? - -
M‘“@ﬁ“t ‘“M‘W‘t &av ""‘”i”i‘i’\ﬁtﬂﬂﬂ“ ARFIARGA S| %Q"qgi’%"t’
SRTETZTNRTT

If the filament resistance in an automobile headlamp is 3Q2, how many amperes does it
draw when connected to a12Vv- battery'?

3“”‘!’“’\@‘1“1&3‘%@@"1“@“3 ﬁ"m& n YFRaqAgeRgs JHqE
I 1 ARV INZAT §ARF PRy

The resistance of the side lights on an automobile are 10Q. How much current flows in
them when connected toa 12- voIt C|rCU|t’?

%&qm&qqmaxggqm@mwa 70 51"1“1"1""51 ﬁgqm&gxgqﬂq&qmﬁ
773 m&aﬁwﬁmﬁqqngggﬂaggqquqﬁsq

a) At a resistance of 100,000Q, what will be the current in your body if you touch the
terminal of a 12V-battery?

~~ A” A~ ~~ A a~ -~ N N ~
FJARRAES 900,000 WA| ANYFPIENRIFAIA QA VAN NS FLEN
7, o~ vy N o N
MRV ERG A HF N ETATIH]
b) If your skin is very moist — so that your resistance is only 100022 - and you touch the
terminals of a 12V-battery, how much current do you receive?

QU REL RN MARE S QYNGR goco Sdya| FFYH
vidap 97 §oagaas) ByadasgqEsETas
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8. In an electric circuit there is a light bulb. The voltage source is a battery. You increase
the voltage by adding extra cells.

Fras s RFN RO LS| FugUvYgRRRFENqA Ay &
AqR NS FEFN N

a) Can you predict the electric current?

AT I TET ARG E 553 gTas|

b) What is the resistance of the following wires?

Ry AgT R s g B2 55%)

Voltage Electric Current | Resistance
~ ~ ~ A
CRINAMEERIER AT

1.5V 0.03 A

3.0V 0.06 A

45V 0.09 A

6.0V

7.5V

9.0V

c) Which law lies behind the relationsrlip between Voltage and Electric current?

) 288 TR R NG AR ] 45 AR AR T

3.9.11
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13. Ugin Electljcity for Energy Transfer .
7 FAIFFTETEA] qugauadag i sa-ad)

Our homes are full of appliances powered by electricity. They change or transfer electrical
energy into other more useful forms of energy.

All energy is measured in joules (J).

&R grafmgnuamiaslaguanasidy JEaFnfgagnuadgugmedE
<) 3’55'&:'@& 5’:1'41%'04'méa'mﬁ:‘q?i'qugﬁ'@&” S
5&@“&%:’&] oules (J )‘%:'55'7@5"4@'&/ o)

Electricity has four different manifestations: 1. Heat §51

TR gy 2.Light
3. Magnetism [nqﬁa\‘gﬂ'ﬂﬂaq
4. Chemistry g~

All electrical apparatuses use one or several of these manifestation, but always there is a
transfer of energy involved.

ﬁnﬁ]'&‘éﬁ'ﬁ:‘&&'ﬁﬂ'@'g&gwﬂ%qq&’&:ﬁiﬁgﬁéﬁ'@ﬁﬂ b‘?{q’m:’g’lﬁ'Qﬂu'q%qga'éﬁ‘@'&’ﬂ

Exercise: Write down to the following apparatuses, which manifestation of electricity is
involved:

o AT L At A SRR RS TA D
S
e
Bulb: ﬁmfﬂ ...............................................................................................

Drillingmachine: @'[ﬂ'@@&‘éﬁ'@ﬂ'@ﬁf\‘ .................................................................

Tube Iamp:ﬁwﬁmxaﬁ‘ ............................................................................

Mobile: mqﬁq'ﬁﬂx ............................................................................................
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Physics: Electricity Page 30

14. E!gctrigal Power
9¢ T A AN

Definition: Electrical power is the rate per time at which electrical energy is trans-
ferred into another form of energy such as magnetic energy, heat, light
etc.

QY ATER| aqqﬁxﬂﬂ&gi&ﬂq&g:mqqqi 5&1:@ qgmqmr\i&ﬂq&
sR| 5] RS] ﬁqi&ﬂq&nmmqy\m%ﬁmgmﬁzwaa

Symbol: P = Electrical Power

NE& B

Measured in: W = Watt

BRI NI
Power equals the amount of energy, which is transferred in a second
,&rﬁ'a'q]%q]‘&\}q:’m'ﬁﬂ'ﬂqwqﬁqu‘é:\n%'ﬁq'@w‘&@w&]
1W=1J/s W... Watt

J... Joule
s... second

A power of 1 watt means that 1 joule of energy is used in 1 second.

Joule"W § JNYAN{R® ToAELAS 33 BNy A Ay F e
&55{

The power of an electrical appliance is calculated by multiplying the volt-
age across it in volts by the current through it in amperes.

gmqqgm&&ggmﬁmqgﬂﬂq& (me)mg;ng (w&m&)éx
ANFNHN AR
P=U=xI

1TW=1V*1A V... Volt
A... Ampere

1W=1J/C*1C/s=1J/s

3.9.1 Sibylle MeretWerner Nater



/7 light bulbs, 40 W kettle 3kW
| 60 W, 100 W

Page 31

3000W It therefore

’ 1ed on.

Nad hairdrier : YRR’ NRNHar
. i , EEARREL!
iron 500 W calculator 0.006 W & -8, 7,
JNT NS

Which appliance uses the most energy if it runs for 10 minutes?

-

QYA BNTLA YRHI0 AENARE WY ENGNNIEGNRTHF RN
3 TR FRRRENYYNYUVARANRIFFIINT A
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, ~ L a
Exercises Electrical Power: g‘: REA] & A’ AN]

1. a)

b)

d)

f)

3. The power and voltage on the light bulb read 100W 230V.
How many amperes will flow through the light bulb?
o N, N Vo - N e , et , ~ .,
ATIAVANATIATT IV 100WAR A TN 230V ]
N AR, , N vy N ) DN,
VRIS amperes N AR ETAF AR T Y|

What is the power rating of light bulbs?

Ff g Yo FavaynaRyaag

How much electrical energy is used?
Fgugen &5 EIRY A 5x

How much energy is used if the light bulb runs for 1 hour?
FuRfaingdsy Ay gngmuaEsas§ias

How much energy is used if the light bulb runs for 10 minutes?

Frgadayrase sfasviay g gngaen¥Esas§sasss

Into what is the electrical energy of a light bulb transferred?

N A e DN A LS ) <, vy Yy S W N
qERRAT NN TRy E g RN Ry
What's the different effect between a 25 W and 100 W light bulb?
VN N, L Vo , "~y DS, [ =,

AT GV 25 WAR 100V ARV IFHAFRARIA]

How would you construct light bulbs to have power ratings of 25 W or 100 W?

FRQNE G FINTEG 25 w or 100 WHTH RN NRFINGNIFY g

3.9.11
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4. a) Complete the following table for light bulbs with different power rating:

o :r]\l JUENRA Y Fan s Ry I A ud nesrnNaA R Q Ay s s S Sy

Pgwer Voltage Elegric Current
ga | da R
§aw q A
in W inV in A
25 230
40 230
60 230
100 230

b) Which draws more current — the 100 W or the 25 W bulb?

M FUHANE 100 W or the 25 WIRH o) G LT AR I

c) What is the resistance of a 100 W and 25 W light bulb?

T FRGNET 100 W and 25 W TR AR R R E]

d) Compare your answer for 2.c with your answer for 4.c. Do they correspond?

Q2e e Jagpymags) Fmhaenggagra gy

5. Which of following appliances has the higher power rating; a kettle (V =230V, [1=4.5
A) or an electric iron (P=1200 W)?

-~

EM&ISUJ&N%&N%Nﬂl‘ﬁg}ﬂ§ﬂ&$ﬁ&:ﬂ&@6ﬂ’ﬂ&l FE]‘Q’\NK%I(V 230

V,1=45A) Emﬂl’i‘:"\ﬁkp—mom

6. Find the power of a car headlamp if it's run off a 12 V battery and draws a current of 3
A. How much energy does it use if it's run for 5 minutes?

\

()' “@‘;\Qﬁk&ﬁﬁ@aﬂ“ﬁﬁmﬁ&quﬁ*gﬂ‘”’V"i“ ‘W@f\ amperesq‘o‘ii@
5 RYREY er\mq;&mgqq5&ﬂq&g€&nigﬁgﬁ 6@3 XS
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15. Pying for Electricity
ANE-L EEY L)
How much electricity? f‘ﬂ"ﬂ'gﬁl

The amount of electricity we use at home is measured with a meter. This records the
amount of electricity used in units.

rEdan gy 'fg’q'q?:’r\"ﬁﬁgjwq% ARPRILFTRENINAS| ANF AR FFAERE
q§ N EFIF TR IR TN I K|

This meter reading is kWh units.
N A &~ (5N
{rxad Faygaay;

How many units? ?'ﬂ@'ﬂ]:&'q'gﬂ

The number of units of electricity that we use depends on the power of the appliances and
how long we use them. An appliance of 1TkW power, which is running for 1 hour, uses one
unit of electrical energy. The Unit of the electrical energy in the consumer world is 1 kilo-
watt hour (kWh). (In physics we still use the joule as energy unit)

?;;: SRR 'gziﬂqu 53 jgjz:s:'n'q% 3 'ng'&&?é}’ g n&jiﬁ '3&'@5:“\:'&1’ i’ﬁ 5
FYVANR[EINF &9 'i“ﬂﬂ“% NF R RYVBNM'AYT) §'&FI ARRY

§5R5R7 R FAH TR IR FAFEEIRS] ewn).
r\ﬂv'[nsw'itq'ﬂa'q:':\'ixwR'ﬁaﬁn]«'@%ﬁ'qa' joule Eq'gﬁ'é,:\@ﬁfq]

Energy trag/sferred (kWh)
5&'&4’1& ‘A é’\x (kWh)

Units used

power (kW) * time (h)/

a~ A~

AT § RN kw) ¥ (h)
power (kW) * time (h)
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FRRRTETIRRAT o ATFIaw) G ER )
What is the cost? ﬁ“’ﬁ"ﬁ'gﬁi'ﬁ'ﬁw

At this time,(September 2011), the cost of each unit without taxe is 3.20 Rs .

350 9.‘,“.%'“.55. unit "]% "]'“"’ﬂ“"aﬁ'ai'g’iﬁ'% °';\ﬁI

The cost of electricity used number of units * unit price

FRg§scRanfrEs) - PO caalR.FA§nas)
Exercise: Calculate the number of units of electricity used when a 100W lamp is left

on for 2 hours. What is the total cost if one unit costs 1.85Rs.?

5"“‘2’\1 FRqaEndngdy 2 ReyranFaf Fad avadzgEag
Jyguaddainyaas) A3 NG RN RgEg & 54
R C R L EE R CRRERT

The meter reading taken from the meter at the beginning and end of the
month is

g el

FRRafagmsse g Y Apn G ayan 5

., YO

First reading ARARAFZAH] 01043
[~ N o

Second reading ~ SRTJNRGAA] 01295

How many units were used during this month? What is the total cost?

FIRAFR XY N NEFRTFI52 XS RAHRETNETR 5|
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16. Electric Circuits
9% o A A

Any path along which electrons can flow is a circuit. For a continuous flow of electrons,
there must be a complete circuit. Most circuits have more than one device that receives
electric energy. In a circuit, these devices are commonly connected in series or in parallel.
When connected in series, they form a single pathway for electrons to flow between the
terminals of the battery, generator or wall socket. When connected in parallel, they form
branches, which are separate paths for the flow of electrons. Both series and parallel con-
nections have their own characteristics.

m&qqswqm:gmimg&&(:@j&anmﬁoqg;zqoqsqax gqsmg&&&&aiqwx@q
&ﬁig;qm&a&nqqﬁq& g;nqoqsmoqasnmgqqi&ﬂq&azzmqgmmqsq
m&&:mwﬁ qgma&aa5&:\1g&mg:q&gqm&&&ss\w:qgmm&&@&qg&m

&aﬁwﬂ gqm&a&&am&aﬁmﬁmm gqg&a:y g;nqaﬁqqgmqrnr\ BRYR
qrnr\quq EEEER ﬁnr\g;qim Fass EEER R ngqu quqs 3 gasags

qg&gqm&m&aﬁquﬁg&&gwqmqgmmﬁz mqmqﬁﬁqaxq&qusmgq
SRy G ds)|

RN E E TR S XS BRIVl SCERAEY

16.2 Series Circuits i&'ﬁ;’é}’qwm

Three lamps are connected in series with a battery. The same current flows through each
lamp when the switch is closed. The total voltage is shared between them.

aqqqm;qq&&gqg& Sﬂ)&i"\&lﬂ(\l&lﬁﬂ U\Iﬁﬂ ﬁ"\ﬂ&ﬁb\] &&&aﬁqmg}qqqm
FmRAxafsgminagea g iads) Fanfangngued @R sy
3534

»
Voltage source

The 6-V battery provides 2 V across each lamp.

3.9.1 Sibylle MeretWerner Nater
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Exercises: What happens to the current in the other lamps, if one lamp in a series
circuit burns out?

Fraga)  Resqfmassr o dgRadaaRaadna e st neg sl
FrgyuagrTaRad g

What happens to the light intensity of each lamp in a series circuit when
more lamps are added in series to the circuit?

RarsgFarasrar e ara G m’{q'q% qANSL TR LGN EN A A FE
ERERAE T m"{qi'iR'Eﬁ'ﬁ'ﬂq&sqwagr\wq:’q?ﬁ T RYRE

Examples: Fuses are connected in a series circuit.

RRaEs| ?'\64'65;51;”41m&q:w'ﬁq’@ﬁ'&gﬁwy
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B' , ad ’*/ R
16.2. Parallel Circuits 7% 33 QYA Ay AN

Three lamps are connected in parallel with a battery. The total current in the circuit is the
sum of the currents through each lamp. There is the same voltage across each lamp.

JuEmmyaapsafngnzvasgydy) Fassnad "1’%5@5’“ EEOEEREL B
Rxg: ngng axaixaR Ry

)

)

The 6-V battery provides 6 V across each lamp. The total current in the circuit is 0.6 A. 0.2
A flows through each lamp.
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Exercises: What happens to current in the other lamps, if one lamp in a parallel cir-
cuit burns out?
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What happens to the light intensity of each lamp in a parallel circuit when
more lamps are added in parallel to the circuit?
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Examples: Wall sockets are connected in parallel circuits.
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17. Household circuits and Overloading
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Electricity is usually fed into a home by two wires called lines. These lines are very low in
resistance. They branch into parallel circuits connecting ceiling lights and wall outlets in
each room. Lights and wall outlets are connected in parallel, so all are impressed with the
same voltage, in India usually about 230 V.
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17.1. Function of Fuse X

Line Line
: : We can see how overloading occurs by considering the circuit below.
| | Connecting more devices increases the current. Connecting too
many devices into the same circuit results in overheating that may
cause a fire. To prevent overloading in circuits, fuses are connected
(T 8A in series along the supply line. In this way current must pass through

the fuse in the whole line.
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17.2 Electrical Sockets with 2 or 3 Pins and connecting cables
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There are two types of sockets from where you can get your electrical power. The small
ones have 2 holes; the bigger ones have e three holes. For operating any electrical appa-
ratus you actually need only 2 connections, so that the circuit is closed and the apparatus
is connected. The third hole is the so called ground connection. This is used to protect you
from an electrical stroke. All apparatus with a metallic body must have a ground connec-
tion, which connects the body separately directly without any possibility to interrupt e.g. by
fuses, switches etc. to the ground of the planet earth.
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Newer use a connecting wire with a three holes socket on one end and a plug with only two pins on
the other end. All three holes have to have single connection wires to the pins of the plug! If this is
not the case it will be very dangerous and life threatening.

17.3 Danger of electricity to the human body
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Electrical current-time graph of effects on the human body

The human body controls its functions by very weak electrical currents, which are transmit-
ted via the nerves. That's how e.g. the electric currents of the heart can be visible on an
ECG (Electrocardiography). If now a current from outside the body is superimposed over
the signals from the nerves, there will be a malfunction of the body organs and muscels,
e.g. for muscle spasms or life-threatening ventricular fibrillation. The ventricular fibrillation
will cause a failure of the heart as its function to pump the blood up to the brain. The brain
will be permanently damaged. As a sensitive organ with no blood supply this will cause
death within a few minutes.

At a current flow in the body of only 0.03 amps (= 30 mA) for 0.2 second (= 200 ms) or
longer these phenomena will occur.

To protect against electrical accidents it is necessary that all current-conductive parts such
as cables, apparatuses or equipment are insulated throughout. It is the responsibility of the
user to ensure that no parts are used with damaged insulation.
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