Unit 14

CURRENT ELECTRICITY
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After studying this unit, the students will be able to:

a. Define electric current.

b. Describe the concept of conventional current.

¢c. Understand the potential difference across a circuit component and
name ifs unit,

d. Describe ohm’s law and its limitations.

e. Define resistance and its unit,

f. Calculate the effective resistance of a number of resistances connected
N series and also in parallel.

g. Describe the factors affecting the resistances of a metallic conductor.

h. Distinguish between conductors and insulators.

I. Sketch and interpret the v-1 characteristics graph for ¢ metallic
conductor, a filcment lamp and thermistor.

j. Descnbe how energy is dissipated in aresistance and explain joule's law.

k. Apply the equation E=11t=1",Rt=V"t/R to solve numerical problem.

. Calculate the cost of energy when given the cost per kwh.,

m. Distinguish between ¢.c and a.cC.

n. ldentify circuit components such as switches, resistors, battenes etc..

0. Descnbe the use of elecincal measuring devices like galvanometer,
ammeter and voltmeter (construction and working principles not
required).

p. Construct smple senes (single path) and parallel circuits (multiple paths)

q. Predict the behavior of light bulbs in series and parallel crcuit such as for
celebration lights.

r. State the function of the live, neutral and earth wires in the domestic main

supply.
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s. State reason why domestic supplies are connected in parallel.

t. Describe hazards of electricity (damage insulation, overneating of cables,
damp conditions).

v. Explain the use of safety measures in household elecincity, (fuse, circuit

breaker).

Q.1 Define the term electric current? What is conventional current?

Answer

" The rate of flow of electric charge through any cross-sectional

areq 15 called cumrent.”
Explanation &

If the change 'Q’ is passing through any area in time then current I

flowing through it will be given by:

charge

Current = —
rime

Or 1=Q-
{
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Sl unit of current is ampere (A).

1) In metals, the current is produced only due to flow of free

For vour Information

electrons i.e. negctive charges.

2) In case of electrolyte, its molecules iIn agueous solution

dissociate among positive and negative ions.

3) Electric cumrent is produced due to the flow of either

positive charge or negctive charge or both of charges ¢t the

Solwiren vl viey Irviy

sQme ﬁn-\e. In cleCiredy sis. currenl s
oroduces] due 10 How of hoth
DOSIING ANd nevalivg
dmt;.'t'\ In the clex l'ﬂl}lt",
POsABe 1on e anricd to
1he Cathode and negalive
oM 31c Allracts W the anode
This moyement of 1ons
withan e electroly ie
COnMIUICY an ¢ciectng current
within Ihc memal et

Conventional current
Before the idea of free electrons which constitute current

in metals, it was thought that current in conductors flows

due to the motion of positive charges.

Definitions
Current flowing from positive to negative terminal of a battery due to the flow

of positive charges is called conventional current.
Explanation

1) We know that when the ends of a copper wire are at different temperatures:
heat energy flows from the end of higher temperature to the end of lower

tempercture.
2) Water in pipe also flows from higher level to lower level.

3) Similarly, when a conductor is connected to a battery, it pushes positive
charges to flow current from higher potential to the lower potential as shown in

figure 13.2.
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4) The flow of current continues as long as there is a potential difference.

5) Conventional curent produces the same eftect as the. cumrent flowing from

negative terminal to the positive terminal due to the flow of negative charges.

Q.2 What is meant by the electric potential of the battery?

Answer

Electric potential of a battery:

Energy is one of the sources of current. The electromechanical
reaction inside ¢ battery separates positive and negative
elecinc charges as shown in the figure 14.1, This separahon of
charges sets up potential ditference between the terminals of

the battery.

when we connect a conducting wire across the terminals of
the battery, the charges can move from one terminal to the
other due 1o the potential different. The chemical energy of

the battery changes to electinc potential energy.

The electncal potential energy decrecses as the charges
move around the circuit. This electrical potential energy can
be converted to other useful forms of energy such as heat,

ight, sound efc..
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charge camers and the chaonge on each camer always remains the same (1.e.

charge camers are not used up).

Instecd of elecincal potential energy we use the term elecinc potential, which is

potential energy per unit charge.”

Fig. 14.] Schematc diagram ol battery as a current source

Q.3 What do you mean by the term "electric potential difference”?

Answer
(Electric) potential difference
Definition

" potenticl difference across the two ends of a conductor causes the dissipation
of electrical energy into other forms of energy as charges flow through the

circuit.”
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Explanation

when one end ‘A’ of conductor is connected to the positive
terminal and its other end ‘B’ is connected to the negctive
terminal of the battery then the potential ‘A’ becomes higher

than the potenhal of '6' as shown in the figure 14.6.

This causes a potential aifference between the two ends of
the conductor. The flow of current continues as long as there

15 @ potential difference.

The agency which provides the potential difference for the

steady flow of current in the copper wire Is the battery.

As the cumrent flows from higher potential to a lower potenticl

through the conductor, the electncal energy (due to current)
IS converted into other forms, such as heat and light etc.

when current flows through the conductor, it expenences @

resistance in the conductor. The energy supplied by the

Physics
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Do you know?
The volt 1s named after

the Rahan physicist
Aleaendro Volta [1745-
1827). who developed
the Rirst practical
electric battery, Known

as a voltaic prie
Because potential
difference s measured
in units of volits, it s
sometimes referred to
as voltage.

battery i1s vtilized in overcoming this resistance and is dissipated as heat and

other forms of energy.

The dissipation of this energy 1s accounted for by the potential difference across

the two ends of the light bulb.
Unit

Sl unit of potential difference is Volt.
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Volt dwrecthion cf current

"A potentiol difference of | V across a bulb means thot

each coviomb of chorge or | ampere Of curmrent that
directhion Of elecirons

b 18 6

passes through the bulb consumes | joule of energy.”

Q.4 What do you mean by the term e.m.f? Is it really a
force?

Answer
Electromotive force (e.m.f)

Definition

It 1s the energy supplied by a battery to a unit charge when it flows through the
closed circuit. OR The energy converted from nonelectncaol forms to elecincal

form when one coulomb of positive charge passes through the
bottery.”

Explanation

A source of electromotive force (e.m.f). converts nonelectrncal
A Ddttery "2:13¢3 elecing

' . " " currant Dacls uwup 10 hwyher
(chemical, thermal, mechanical etc.) into electncal energy. vORSGE (0NSDv, SVTilarly 10
POW 3 puTe CuZhes wataer

Examples of sources of e.m.f are battenes, thermocouples and Dack w10 Ngh enery 30 & Can

Row ) CO work

generators. When a conductor is connected to a battery,

v 1

current flows through it due to potential difference.

For the continuous flow of current through a wire, battery Zow. o 1

supplies energy to the charges. The posihive charges leave the
Carom »og ()
positive terminal of the battery, pass through the conductor

and reach the negative termincl of the battery. As a positive 10 8 Oty Co¥ Chemical energy

charge enters the bottery gt its lower potential point (negative SIS R0 SNGNG SNy

terminal), the battery must supply energy, 'W' say to the positive
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charge to dnve it to ¢ point of higher (positive terminal). Such energy supplied

'W’ per unit charge is called electromotive force (e.m.f) of the battery.

Thus, em.f = —2eR
Charge
W
E=—
O
Unit:

The unit of e.m.f is joule/coulomb (JC'}), which is volt (V) in Sl system.

e.m.fis a force or not:

Electromotive force (emtf) 1s not a force but is an elecincal energy supplied by

the battery per unit charge.

Q.5 How the current and the potential difference are measvured in an electric
circuit.

Answer
Measurement of current

1o meagsure the cumrrent, we use different electncaol
iNstruments. Galvanometer and Ammeter are some

examples of current measunng instruments.
Galvanometer

Galvanometer 1s very sensitive instrument and can detect
small current in. the crcuit as shown in the fig. 14,3, A cumrent
of few, milicmperes is sutficient to cause full scale deflection

N it. While making the connections polanty of the terminails

of the galvanometer should be taken into consideration.

Generally, the terminal of the galvanometer with red colour Fg 18 3A pavvaromener
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shows the positive polarity while that of with black colour shows negative

polanty, An idecl Galvano meter should have very small resistance to pass the

moximum current in the circuit,
Ammeter

After suitable modification galvanometer can be converted into an ammeter. A
large current of the range such as | A to 10 A can be measured by means of an
ammeter. Ammeteris also connected in senes so the cumrent flowing in the
circuit also passes through the ammeter as shown in fig. 14.5:

Knde pwilch

b —

Eacine currene

P 1S SN mat d agrem showng the me sy remes: of (wrema

Measurement of potential difference

The potential difference ccross a circuit component (e.g. light
bulb) can be measured by a voltmeter as shown in the figure 14.7.

connected, cdirectly across the terminals of the component. The

positive terminal of the cell iIs connected to the positive terminal of
the voltmeter anc the negative terminal of the cell is connectec RIS
the negative terminal of the voltmeter. An ideal voltmeter should

have very large value of resistance so at noncurrent passes through it.

Battery nifg g™
' r'. """ - ~ - — h
’ :
\ g3
L= l y 8 | i
Vo meter et qurremt
" s
lo"'
—~—

g 148 MR B 'or mesuing pOBeendl BIQIEnCE A 2 (il
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Voltmeter is always connected in porallel with the device across which the

potential difference is to be measured.

Q.6 Write briefly about the measurement of e.m.f?

Answer

Measurement of e.m.f

In general, e.m.f refers, to the potential difference across the terminals of the
battery when it is not dnving cumrent in the external circuit. So, in order to

measure e.m.f of the battery we connect voltmeter

Open crcun, Closed cvoum
no Gurrend aveny Nows

Kl swiich t ‘ . " t‘:‘ ',:; E,
. & - T T
- X Switch | Detch

“___ OMChey ore used 'O Jurn
N elecriCity ON ana OFF  Turning
the swilech OFF creates an vpen
i = = Creud by makrg abreak n Mg wee
e The brgak 31005 tNe Now o' ryrrent
ODECAUNe electCly Carng! normally

Havel INIOLGH g

Fig. 14.9 Schematic diagram for
measuring ¢ m,f of the battery

directly with the terminals of the battery as shown in the figure. 14.9.

Q.7 Explain ohm'’s law?

Answer
Ohm's law (statement)

The cmount of current ‘I' passing through a conductor is directly proportional to
the potential difference V applied across its ends, provided the temperature

and the physical state of the conductor does not change, 1.e.

Va l
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Explanation

Tcke g copper wire of about S0 cm in length and apply @
potential difference of 1.5V from ¢ battery. Measure the
current flowing through the wire using an ammeter
connected to it in senes. Also measure the potential
difference across the resistance using a voltmeter

connected across if.

Obtain a set of readings for 1 and V. by increasing the
number of cells. Plot a graph drawn between | and V which

15 a straight line.

For your understanding
1. Inorder to measure
current through
resistance, ammeter is
always connected in
series with the

resistance.
2 Inorder 1o measure

potential difference
across the resistance,
voltmeter is always
connected 1n parallel
with the resistance.

This straight line indicates that voltage V and cumrent | are directly proportional

to each other provided the resistance R remains constant.

Resistance

The property of a substance which offers opposition to the flow of current

through it 1s called its resistance.
The Sl unit of resistance 1s ohm.
For your understanding

1. In order to measure cumrent through resistance, ammeter is

always connected in series with the resistance.

2. In order to measure potential difference across the resistance,

voltmeter is always connected in parallel with the resistance.

Unit of resistance (Ohm)

when a potential difference of one volt 1s cpplied across the ends
of a conductor and one ampere of curent passes through it, then

its resistonce will be one ohm:”
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Q.8 Differentiate between ohmic and nonohmic substances?

Answer

Ohmic

Matenals that obey ohm'’s law, and hence have a constant resistance over @

wide range of voltages, are said to be ohmic.

Nonohmic

Maternals having resistance that changes with voltage or current are nonohmic.
V-l characteristics of ohmic and non ohmic conductors

1) Ohmic conductors have linear curent voltage relationship over a large range
of applied voltages as shown in the figure 14.10 (a). The straight line shoes @
constant ratio between voltcge and current, Ohm's low I1s obeyed. For example,

most metals show chmic behavior,
2) Nonohmic matenals have a nonlinear current voltage relationship.

For example, filament lamp, and thermistor, the resistance of flament rnses
(current decreases) as it gets hotter, which is shown by the radiant getting

steeper as shown in the fig. 14,10 (b).

3) A thermistor (0 heat sensitive resistor) behaves in the opposite way., Its
resistance decreases (current increases) as it gets hotter as shown in the figure
14.10(c).

This is because on heating, more free electrons become available for

conduction of current.

Q.9 Explain the term specific resistance (resistivity)?

Answer
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I) Thick wires have less resistance than thin wires.
i) Longer wires have more resistance than short wires,

i) Copper wire has less resistance than steel wire of the same

size,
iv) Electnical resistance also depends on temperature.

At a certain temperature and for a particular substance:

Physics

r TR M WS "'r‘\n' o ; L2

IRFOAF T CONDC T

1) The resistance 'R’ of the wire 1s directly proportional to the length of the wire

e,

2) The resistance 'R’ of the wire 1s inversely proportional to the area of cross

section ‘A’ of thew ire i.e.:

Combining equations (1) and (2), we geft’,

Interesting Information
Diamond does not conduct

clectricty. because it has no

Ra L/A

where p is the constant of proportionality, known gs

"specific resistance.”

Its value depends upon the nature of conductor, i.e.

copper, iron, tin and silver would each have different values of 'p .

Unit;
The unit of * p'is ohmmeter (£2m).

fweputL=1m A=1m?inequ. (3), we get.R=p

www.topstudyworld.com
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Q.10 What is the difference between conductors and insuvlators?

Answer
Conductors

"The substances that have majority of free electrons due to which more elecinc

current can flow are caolled conductors or electnc conductor.”

Metals, like silver and copper have excess of free electrons which are not held

strongly with any particular atom of metals. When we apply external electric

field, these electrons can easily move in ¢ specific direction.

Do you know?
This movement of free electrons in ¢ particular direction ~ We use hating effect of an
electnc current for
under the influence of an external field causes the flow of different purposes. For
example, when a curremt
current in metal wires. This hot resistance of conductors Nows through the filament
: T : - : of a bulb. it glows white
INcreases with increase in temperature. This 1s due to Increase hot and gives out light
: - : Electric heaters have very
N the number of collisions of electrons with themselves and thin wires that glow red

hot when a current Hows

with the atoms of the metals.
Insvlators

"The substance that has rare free electrons and may cause none or negligible

flow of current is called insulator.”

The electrons in insulators, like rubber, however are not free to move. They are
hightly bound inside atoms. Hence current cannot flow through an insulator

because there are no free electrons for the flow of current. = =P ¢=V,—> ¢V 9}
R,

Insulctors have very large value of resistance. Insulctors

can be easily charged by friction and the induced charge !

‘W
remains static on this surface. Other examples of insulctors . ! B
are glass, wood plastic, tur, sik etc.. Fig 14 11 Three resisiors in

seéfnes combnalion

Q.11 Determine the equivalent resistance of series combination of resistors?
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Answer
Series combination of resistors

In senes combination resistors are connected end to end and
electnc current has ¢ single path through the circuit. This
means that the current passing through each resistor is the

same.

Equivalent resistance of series circuit The EoifEnl VTGS VONBOE! BIIDR

Of & resislor 1= 3 straght ne with
» constant stop The graph for hght
BUlb 13 Curved with & decredsing s'ope’
What can you nfer from this

The total voltage in a series circult divides among the
individual resistors so the sum of the voltage across the
resistance. of each individual resistor 1s equal to the total voltage supplied by

the source.

Thus, we can wnie gs,

Where V' is the voltage across battery ond V ,, V2 ,Viare the I
voltages across resistors R, R; and R; respectively, . .
rg 1312 Three revisto s,
It is the current passing through each resistor, then from Ohm’s AT ATE] LOMY 1 91-Cn
Voralic) (ﬂ'l':.nl " e REUTIINT
LOW. Urw . 91 s ks

» ﬂ"’ll'i' d B7L1 'BVIAL AT

V - IR+ IR?"*’ |R13 Sy 'Blo T Mere peth

Yot L3 U INiowm mE Tyl ene

O"“”' '0'# w') '3 | Rals 2¥ % AU

Or V = |(R:+ Ro+ R'}) .......... (2) OF Cutrey R ugh sevntur w
Ihe RONCw N DIrdNR (L
|
We can replace the combination of resistors with a single i‘-—"’ T
. !
resistor called the equivalent resistance Req such that the same VT r.j§= l.i%t-
" '
current passes through the circuit. From ohm's law: | Sed
! -[— L. i
V=|R¢.q R,*R.
Thus, from equ. (2], we have, '

| Req = I[R1+ R+ R3)
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Or Rnr; = R+ R+ R3

Thus, the equivalent resistance of o series combination is equal to the sum of the

individual resistances of the combination.

If resistances Ry, Rz, Ra..... Ry, are connected in sernes, then the equivalent

resistance of the combination will be given by:

Rea= R+ R+ R3 + ...... + R+

Q.12 Determine the equivalent resistance of parallel combination of resistors?

Answer

In paralliel combination one end of each resistor 1s connected with positive
termingl of battery while the other end of each resistor is connected with the
negative terminal of battery as shown in the figure 14,12, Therefore, the voltage

IS same across each resistor which is equal to the voltage of the battery i.e.,

V=V|=V2=V3

[ bus goue whom ey
A i*s ") rq
Effective resistance of parallel circuit ERSERr
! N
—_— N R
In parallel crcuit, the total curent equals the sum of the .- X
N
cumrrents in vanous resistances 1.e.; e ap—
Fo Sl s g ™ Pg .
| =y b4 3 ... (1)

Since the voltage across each resistance, 'V' so by ohm's law,

[. = I_‘:— l‘;M‘l

)’ y
WER TR hTR
| g 5

| v o) ’
g® Tersoe. aat Wi T

Thus, equ. (1) becomes,

yo WV ¥
] = — 4 — 4 —
RI RJ R3
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Or I:I'(-—l-+-l-+—!-] .......... (2)

We can replace the combination of resistors with @ single resistor called the
equivalent resistance Req such that the same cumrent passes through the circuit,
From ohm’s law, I=V/Req, thus equ. (2) becomes.

Or L - i + L + L
R R R, R
Thus, the equivalent resistance of a parallel combination is sum of the reciprocal

of the individual resistances. Which is less than the resistance of a one of the
combinations.

Iif resistance R Rz, Rs,...... Rn are connected in parallel than the equivalent
resistance of the combination will be given by

Q.13 Explain the energy dissipation in a resistance. What is

For your information

Joule's law? Energy saver light bulbs
transtorm much nmore o
Answer

the electrical energy into
Hght and much less into
wasted heat energy. An
cnergy saver light bulb
that uses 11 | of electnical
energy cach second gives
the same amount of light
3% AN “ordinary”
Incandescent bulb that
uses 60 ) of electncal

CHCTRY ¢ach second

Energy dissipation in a resistance

Turbine runs generator to produce elecincal ‘energy when

water falls on it from higher gravitctional potenticl to lower
gravitational ‘potential.

Similarly, when charge moves from ¢ higher elecinc to @

lower potential, it delivers electnc current, Thus, the elecinc
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current, dunng which charges continuously move from o higher potenticl to o

lower potential, becomes a continuous source of electric energy.

Consider two points with a potential difference of V volts. If one covlomb of

charge passes between these points; the amount of energy delivered by the

charge would be V Joule.

For your information
All electrical appliances have
power raung. given in watts or
kilowatts. An appliance witha
power rating of 1W transfers }
joule of electrnical encrgy each
second. S0 3 60 W light buid
converts 60 ) ol electracal energy
cach second into light energy and
heat energy To find out the total
encrgy an apphance transfers
from the mains, we need (o know
the number of joules transferred

Hence, when Q' coulomb of charge flows between

these two points, then we will get QV joule of energy,

If we represent this energy by W, then, electrical energy

supplied by. Q charge, W = QV joule. Now current, when

charges Q flow in time T is defined as:

I'=011t
cach second and the number ol
seconds for which the appliance in
or Q=1 ON.

50, the energy supplied by Q charge in t second =W=V x|

X1

This elecincal energy can be converted into heat and other forms in the circuit.
From ohm’s law, we have V = IR.
S0, the energy supplied by the Q charge is
W =1"Ri
Or =V /R
This equation is called Joule's law.

Joule's law

The cmount of hect generated in ¢ resistance due to flow of charges is equal to
the product of square of current |, resistance 'R' and the time duration *t'.
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Q.14 What is electrical power? Discuss the unit Kilowatt-hour?
Answer
Electric power

"The acmount of energy supplied by current in unit time is

known gs electnc power,”

Hence power 'p' can be determined by the formula:

electnc power P = Elecincal energy /time

Or =Wt

Remember

e To work out the
encrgy transferred. the
time must be n
seconds and the power
In watts,

e To work out the cost.
the power must be in
kilowatls and the Ume

Wwhere W'is the electrical energy given by:

W =0

-

ITherefore, above equation becomes:

electinc power pP= ﬂ. must be I1n hours
!
Y— V) = |3 Do you know?
o PRSI Although the ight intensity
: . : , from a 60 Wincandescent

when current "I 1s passing through a resistor 'R; the elecinc light bulb appears to be

: . : : constant, the current in the
power that generates heat in the resistance i1s given by 14R. G6iE ictuates 5D Rings

cach second between -0.71

Aand 0.71 A The hight
appears to be steady
because the fluctuations

The unit of electric power is Watt, which is equal to one joule are too rapid for our eyes

{0 percelve

Unit

per second 1 Js' wntten on 'W',

Electric bulbs commonly used in houses consume 25W, 40W, 62W, 75W, and

I00W of electnc power.

Kilowatt-hour

‘The amount of energy delivered by a power of Kilowatt in one hour is colled

Kilowcgctt-hour.
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One Kilowatt-hour,

I KWh = 1000 W x | hour

= 1000 W x (3600 s)

=36x10° )

= 3.6 MJ.

The energy in Kilowatt-hour can be obtained by the following formula:
The acmount of energy is Kilowatt-hour:

=(Wgatt x ime of use in hours) /1000

If the cost of one kilowatt-hour 1.e, one unit in known, we can calculate the

amount of elecincity bill by the following formula:

=(Watt x time of use in hours }/1000

Q.15 What is the difference between D.C and A.C? Discuss the supply to a house
and house wiring?

Answer

Direct Current (D.C)

The current denved from a cell or a battery is direct curent D.C Since it is
vnidirectional. The positive and negative terminals of D.C. sources have fixed
polanty’, theretore, level of D.C remains constant with time as shown in the fhigure
14.13,

Alternating Current (A.C)
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There is also a current which changes its polanty again and

DC cwonet
again. Such ¢ current that changes direction after equal r;-e )
intervals of time is called alternating curent A.C, as shown in

the figure 14.14 'a:—:
Towe

Time period
g 3423 varnatwn of D.C
The time interval after which the A.C. voltage or cumrrent AR TETTIR S
repeats its value is known as its time period. In Pakistan, :E,ff?L -
Nacgme N
alternating current oscillates 50 imes every second. p— g_:{-
-~ ’»
Supply to a house €48 W
;e
1) The electnc power enters our house through three wires. "’.L':.FW
eI
One is called earth wire or ground wire. (E). F@ 1018 Varation of o ¢

(Wt rent wiih Lime

This cames no electricity. The earth wire is connected to a

large metal plate bunec deep in the ground near the house.

2) The other wire is maintained at zero potential by connecting it to the earth ot
the power station itself ond is called neutral wire (N). This wire provides the return

path for the curmrent.

3) The third wire 1s at a high potenticl and is called live wire (L). The potential

difference between the live wire and the neutral wire 1s 220 V.

All electrical gpplicnces cre connected across the neuvutral ond the live wires.
The same potential difference is therefore applied to all of them and hence

these are connected in parallel to the power source.
House wiring

Figure 14:15 shows the system of house winng. The wires coming from power

station are connected to electncity meter installed in the house. The output
power from the elecinc meter is taken to the main disinbution board ond then
to the domestic elecinc circult,
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The main box contains fuses of rating about 30A. A separate connection is taken
from the live wire of each gppliance. The terminal of the appliance is
connected to the live wire through a sepcrate fuse and a switch,

g 1415 Waeng syviem of household slectrory

If the fuse of one appliance burns out, it does not atfect the other gppliances. In

house wirng, cll applicnces are connected in parallel with each other.

Q.16 Describe briefly the hazards of household electricity?

Answer
Electricity hazards

Major dangers of electncity are electric shock and fre. Some more faults in
electincal circuits that may cause elecincity hazards are given below.

Insulation damage

All electrical wires are insulated with some plastic cover for the purpose of
safety. But when electrical curent exceeds the rcted cumrent camying capacity
of the conductor, it can produce excess current that can damage insulation
due to overheating of cables. This result nto a short circuit which can severely

dcmage electncal devices or persons. A short circuit occurs when a circuit with
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Q very low resistance 1s formed. The low resistance causes the
current 1o be very large. When applignces are connected in
pargllel, each additional gpplicnce placed in circult reduces

the equivalent resistance in. the circult and increagses the

current through the wires. This additional current might

" h'

o L ISR DR MM Pl POV

produce enough thermal energy to melt the winng's AR e T
Feye 18 P V.73 Yor safely
insviation which couses a short circuit, or even starts g fire, DWPOtE In ey Of eeres
(0 ]l miV DN " \ "

Short circuit ceon also occur when the live wire and the
nevtral wires come in direct contact as shown in fig. 14.16.
In order to avoid such situations, the wires camrying elecincity

should never be naked. Rather it should be covered with

good insvlator, Such on insulahon covered wire is collied
cable. Constant inction may also remove the insulation from
the wire whereas too much moisture also damages the
insvlation. In such a situation, it 1Is advisable to use a cable

with two layers of insulation.

Nesralwre N
== g
U Cerouv~e

:'-\ Direct comtact of

whres (shor cimtun) —
e wre (L) / ’ L '(hﬂﬁt"‘;’t | :’
| ’

g 1416 5ot oroum

Damp conditions

D e By AR e BTy
VY Ty LA e TS
TR

Dry human skin has a resistance of 105 ohms or more! But under

domp conditions (wet environment) resistance of human skin is reduced
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drastically to few hundred ohms, Therefore, never opercte any elecincal

applicnce with wet hands. Also keeps switches, plugs, sockets and wires dry.

Q.17 What is the use of a fuse in domestic electricity circuits?

Answer
Fuse

A fuse is a safety device that is connected in senes with the live wire in

the circuit to protect the equipment when excess current flows.

It is short and thin piece of metal wire that melts when large cumrent

passes through the circult,

If a lorge, unsale cumrent passes through the circuit, the fuse melts and 1w g -

breqgks the circuit, before the wires become very hot and cause fire,

Fuses are normally rated as 5A, 10A, 13A, 30A etc. Different types of fuses are

shown in the figure 14.17.

The following safety measures should be taken while using fuses

N household electncal circuits.,

1) Fuses to be used should have slightly more rating than the
current which the elecincal appliance will draw under normal

conditions. For example, for a lightening circuit choose ¢ 5A fuse

as the current drawn by each lamp is very small (about 0.4 A for
a 100 W lamp).

In such circuit 10 lamps of 100 W ccon be safely used as the total current drawn 1s
only 4A which can be calculated using the formula, P = VI

2) Fuses should be connected to the live wire so that the applionce will not

become live alter the fuses has blown.
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3) Switch off the main before changing any fuse.

Q.18 What is the use of circuit breaker and earth wire in household circuits?

Answer
Circvuit breaker

The circuit breaker as shown in the figure 14.18 acts as o safety device in the
same way ¢s G fuse. It disconnects the supply automatically if current exceeds
the normal value. When the normal current passes through the live wire the

electromagnet i1s not strong enough to separcte the contacts.

If something goes wrong with the appliance and large current flows through the
ive wire, the electromagnet will attract the won strip to separcte the contacts

and break the circuit as shown in the figure 14.19.

{ wecomn Beeak e

The spnng then keeps the contact apart. After the fault is repaired, the contacts

can then be pushed back together by pressing a button on the outside ale

‘cwrcult breaker box.
Earth wire

Sometimes, even the fuse cannot capture the high curents coming from the live

wire into the household gpplicance.,

tarthiing further protects the user from electric shock by connecting the metacl

casing of the appliance to earth (a wired connection to the bare ground).
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Many electrncal cppliances have metal cases, including cookers, washing
machines and refrigerators. The earth wire provides a safe route for the cumrent
to flow through. If the live wire touches the casing as shown in the fig. 14.20. we
will get an electric shock if the live wire inside an appliance comes locse and

touches the metal casing.

However, the earth terminal 1s connected to the metal casing, so the cumrent
goes through the earth wire instead of passing through our body and causing

an elecinc shock.

A strong current pass through the ecrth wire because it has a very low

resistance. This breaks the fuse and disconnects the appliance.

Switch  Fuse Insulated cable Ve W e

p—— — M ———

Neutral wire )
N ) | 1 .

-F ----- PN e Py P PO Oy arsa e ¥ . s @ >, rre

Earthwire
Fig. 14.20
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