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After studying this chapte
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e equat:on =01
ctlon in metals in terms of the movement of free electrons.

define and calculate ele
explain el

state that current is measured in amperes and that one ampere is equal to one coulomb per |
second (Cs™).

differentiate between direct current D.C and alternating current AC.
differentiate between conventional and electronic current.
justify and illustrate the use of ammeters (analog and digital) with different ranges.

define em.f. as the electrical work done by a source in moving a unit charge around a
complete circuit, using the equation; £ = W/Q.

define potential difference (p.d.) as the work done by a unit charge passing through a

component, using the equation; V= W/Q.
tis o @ule per 2
o i

state that em.f. and p.d. are measured in volts and thatc :
coulomb (JC).

illustrate the use of vol erentranges ¥
calculate the total hen multiple sources are arranged in series.

state tha whf of identical sources connected in parallel is equal to the em/f. of one of
the sources.

define and calculate resistivity, explaining its direct proportionality to resistance and length,
and inverse proportionality to cross-sectional area.
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* Justify and illustrate the use of colour codes for resisto

define and apply Ohm's law using the 1= @"’(‘J‘ h ,
describe the effect of tem%% n the resistance of a resistor, such as in 2
1S}

filament lamp. ;
draw circuitwm:\ﬂg components such as cells, batteries, power supplies, generators,

switches, resistors, thermistors (NTC), light-dependent resistors (LDRs), lamps, motors,
ammeters, voltmeters, transformers, fuses, relays, diodes, and LEDs.

calculate the combined resistance of resistors in series.
calculate the combined resistance of resistors in parallel.
calculate current, voltage, and resistance in parts of a circuit or the whole circuit.

describe the action of negative temperature coefficient (NTC) thermistors and light-
dependent resistors (LDRs) and their use as input sensors.

analyze the function of variable potential dividers in circuits, using the equation;
Rf/Rz = V1/Vz- m
%iﬁi)

rs.
use the equation; power = current x voltide 1 ‘ @mgzpmblems.
3 O
use the equation energy = ¢ X Valtage >

define the kilwﬁmm :
explain the need to choose components with suitable power ratings.

calculate the cost of using electrical appliances where the energy unit is the kWh.

explain the use and operation of trip switches and fuses and choose appropriate fuse ratings
and trip switch settings.

explain what happens when a live wire touches a metal case that is earthed.

explain why the outer casing of an electrical appliance must be either non-conducting
(double-insulated) or earthed.

state that a mains circuit consists of a live wire (line wire), a neutral wire, and an earth wire.

explain why fuses and circuit breakers are connected into the live wire for the circuitto be

switched OFF safely. W@ @@
o

explain why domestic supplies are connecie\dfiz%\ E!@@
ﬁﬂ r’—\‘f\—\ o /

Mimers
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Electricity is a branch of'

movement of char s'in” the ﬂow of electric current which plays an
important rolMy lives. The electricity illuminates our homes, fuels our
industries, and coniects us across vast distances. In this chapter, we will learn the
basic concepts of electricity, including electric current, potential difference, Ohm's

law, electrical resistivity, and common uses of electricity, benefits and its hazards.
These contents wili help in building up basic knowledge about electricity.

16.1 Electric Current

In an atom, the electrons and positively conductor Electroniccurrent  Free slectrons

------------

charged nucleus are held together by strong Conventional current
force. However, in metals some electrons can "
move freely as these are not tightly bonded \
with the nucleus. These electrons mov W 5@
randomly within a metallic co {._‘j @ R |

However, when an externa \‘-"‘\

applied, these electr ‘ 2 in & specific +|}_
direction Mﬂms flow of charges |
is called an etectric current. The electric i

current can be caused due to movement of  Fig. 16.1: Flow of electrons in a circuit
both positive and negative charges.

Amountofdnrgopuslngtlwwghanymsecﬁm of a conductor per unit
time is called electric current.

If Q charge flows in time t, then current / can be expressed as:

Q
e (16.1)
The SI unit of electric current is ampere (A). One ampere is defined as the flow of
one coulomb of electric charge per second, which can bewrittenas; 1A=1Cs™.

Before the discovery of electrons, the |
electric current was considered to be dueto
flow of positive char
Conventional Current.
from positiv the negative
terminal of the power source. Later, after SSher stectrolyts

: : _ Inelectrolysis, current is produced due to flow of both
the dlSCOVBI'y Of electrons, thE electric positive and negative ions. In the electrolyte,

i negative ions are attracted to the anode. This
current was dESCrled due to the movement of lons within the electrolyte constitutes

movement of electrons which was named  anelectriccurrent within the internal circuit.




as electronic current. The r@e ner ctrofs-in

the movement of positiv “w opposite direction. Despite this difference,
both concepw practice, with conventional cu rrent being the standard in
circuit analysis. .
Types of Electric Current

1. Direct Current (DC) Direct Current

2.  Alternating Current (AC) B R S
Direct Current (D.C) is an electrical current
where the electric charge flows in one :
direction only (Fig.16.2-a). In a D.C circuit, the (a)
voitage remains constant over time, and the A‘*e’"a(‘:’:‘gfu"e“‘ %
strength of the current does not change. The B Sy
current provided by a battery is an example
of direct current. '

current that periodicall
(Fig. 16.2-b).

* country produce alternating current. A.C
changes direction every 1/50 second, and its
frequency is 50 hertz (Hz). One advantage o

long distances with low power loss.
Ammeter

An ammeter is a device used to measure
the current flowing through a circuit. It must
be connected in series with the component
whose current is to be measured. There are
two main types of ammeters: anglogy \\
ammeters and digital ammeteys. Both s% "'}.
are available in different ¢ o5t~
measure both small afdNa
Fig. 16.3, we cansee the digital ammeter Bl 16.3: Comibarieon of disk

(left) and analog ammeter (right) side by and analog ammeters
side, illustrating the difference in display type and range options. Both types are
connected in series with the load to measure current, but the display method and




ease of reading differ signifj 'c%.@
Types of Ammeters KX: \
0]

Analog Amnwr@mlog ammeter uses a needle and scale to indicate the
current. The current flowing through the circuit generates a magnetic field that
moves the needle on the scale. The scale usually has multiple ranges, and the
correct range must be selected depending on the expected current. Analog
ammeters typically have multiple selectable ranges, such as 0-10 mA, 0-100 mA,
etc. The correct range must be selected to avoid damage to the device and to
ensure accurate readings.

Use: Ideal for visual indication of current flow in basic experiments, and often used
in educational settings due to its simplicity.

Digital Ammeter: A digital ammeter provides a numerical reading of
on a digital display. It offers more precision s o O\ (C ©)
compared to an analog ammeter\Digitat '\ | SEREERCER G IR

current

<ome automatical A.C is More Dangerous than D.C

depending o e e current. They are Direct Current (D.C) is a current that travels
| t d t d from r_megative to the positive terminal. it does

psca Iy more accurate and easier to rea not change its direction. It is the current, we
than analog meters. Digital ammeters ar®  can get from a battery. It can cause
widely used in scientific, industrial, and  burning if the positive and negative wires can
electrical applications where precise omeintecontact
measurements are critical.
Range Selection
Ammeters are equipped with multiple ranges to accommodate different
magnitudes of current. Selecting the correct range is important to ensure that

ammeter is not damaged and to provide an accurate measurement. Low-range

ammeters (e.g.0-1 A) are used to measure small currents, %icaoratow

experiments. @ﬂ
High-range ammeters (e.g. ake @u rger currents, such as

Electromotive force (em.f) and potential difference (p.d.) are two important
concepts, both measured in vo'ts (V). One volt is defined as one joule of energy per
coulomb of charge (1 V = 1J C7). This means that if 1 joule of energy is used to




move 1 coulomb of chacg

'T\ ‘__

(~). %

4/ "
Electromowﬂ hr.\l co (e m.f.) Bulb
A source of electromotive force (emf) | ant 1
converts non-electrical energy, like Battery
chemical, thermal, or mechanical energy, —h I
into electrical energy. Examples of such
sources include batteries (which convert Fig. 16.4: Electromotive force

chemical energy), thermocouples (which

convert thermal energy), and generators (which convert mechanical energy). When
a conductor is connected to a battery, current flows due to the potential difference
between the battery's terminals. The battery provides energy to positive
charges from the positive terminal through the cond c - ive terminal
(Fig. 16.4). Once the charge reach ower potential), the
battery does work to push termlnal (higher potential). This

cycle keeps the current £ % uously. In short, the e.m.f. supplies the energy
needed to k &s in motion.

Electromotive force is the electric potential energy supplied by a battery to
a unit positive charo= when it flows through the closed circuit.

Mathematically:

Energy Fas
Sl (16.2) i—TI'II:»—"W‘
or E= _g ............ (16.3)
E is the em.f, W is energy converted from }'
non-electrical forms to electrical form and Q

terminal to a voltmeter as shown in

Potential Difference “
A battery COW& energy into electrical energy. Inside the battery, a

chemical rea causes a buildup of electrons at the negative terminal and a
shortage of electrons at the positive terminal. This imbalance creates a potential
difference between the terminals, which allows electrons to flow through a
connected circuit, generating an electric current. The battery continues to drive this

is the charge. Emf of a battery can be Fig. 16.5: S
measured directly by connectmg lé& @ a 2 hatbary




allows the curren

Electric V]istheamountofeleﬂpotenﬂalenergy(“ﬂperunit
charge (Q) at a specific point in an electric field.

: w

i.e; Ve e (16.4)
The potential difference is the difference in
the values of electric potential between two Battery
points in the electric field (Fig. 16.6). The unit —i|—o"o—
of electric potential is volt (V). One volt is Bulb
equals to one joule per coulomb (V=J C) __'__@,_,_
Potential difference is also called voltage H!gher 6@

@ ennai

which is the energy used by a component un pot
the circuit. Voltage can also_be refe “
e.m.f. which is the energ

source like a batt ifference
and e.m.f. are measu ed in volts

Voltmeter

Fig. 16.6: Potential
difference across two points in a circuit

Voltage can be measured using a device ‘*
called voltmeter. Voltmeter can also be of

/ S % ] N -.‘-
analog and digital types. Both types are [::] : Q

available with different ranges, allowing ‘ =y
them to measure voltages of varying R &=

The electromotive force is the type of  Voltage s the difference in electric

magnitudes. Analog voltmeters use a energy which forces a unt posidve _ Potential between two points. The voltage
charge to move from the positive to the between two points s equal to the work

needle and a scale to display the vOltage,  resstveteminaiofthesoue i doneperuntof chare e st

.. @@mu“

making them useful for obserwng
changes or trends over time.
voltmeters, on the other

voltage as a n & screen,

offering grea ecision and ease of

reading. For example, a low-range

: b Analog voltmeter Digital voltmeter
voltmeter might measure millivolts (mV),

Fig. 16.7: Types of voltmeters




while a high-range voltmeter coul ) or even thousands of volts.
low-range voltmeter for a high

Choosing the right ran%
voltage could ice, while using a high-range voltmeter for a small
voltage, mi t provide accurate readings. Analog and digital voltmeters are

shown in Fig. 16.7. : .
Example 16.1: A battery does 120 J of work to move a charge of 20 C through a

circuit. What s the potential difference across the circuit? Tl K

| 0 ' g : R, ;"'
Glventhat " * - =i 190], QR 00L “anill imion smiss 3 i ol
To ﬁnd, V=7 G e -:"f__.-_ ._j‘:?;': .- A :;7
Using the formula;  v=w/ @ p e T

Substituting thevalues; V=120J/20C=6v

O
When multiple voltage -'l“‘: )\(&.g-, Datteries) are connected in series (Fig. 16.8),
their total elwq ce (e.m.f) is simply the sum of their individual e.m.f
This is because the voltage sources add energy to the charges one after the

other.

Formula: Ewa =E; +E, + .. + E,
where
E.. = total em.f.

E, E, .., E, = emf. of the individual sources

Example: If four Eatteries, each with an

em.f. of 1.5V (Fig. 16.8), are connected
in series, the total e.m.f. would be 6-V.

When multiple-identical sources (such as batteries with the same voltage) are
connected in parallel (Fig. 16.9), the total e.m.f. across all of them remains equal
to the em.f. of a single source. This is because, in parallel connections, each




battery is connected dlrectlyg
same two points, mea %
(e.m.f) does no owever the &
total current supplied by the sources will |
increase due to the additional paths ©
available for current to flow.

Explanation: In a parallel connection, each
source contributes current independently
while maintaining the same voltage across
each of them. This results in the total emf.
remaining equal to the em.f. of one of the
individual sources, but the total current Fig. 16.9: FOU”SVbat‘fe”Eﬂ
becomes the sum of the individual currents '

provided by each source. k AT e
Formula: For |dent1cal SOMYC ree identical 5 V cells are connected |n
Epout = parallel. What is the total e.mf of the

combination?

where -

E... is the total e.m.f. across the parallel
sources.

E, E, .., E, are the e.m.f's of the individual sources (which are identical for each
source in the parallel connection).

Example: In Fig. 16.9, four 1.5 V batteries are connected in parallel. The total
e.m.f. across the combination will still be 1.5V, just as it is for a single battery.

16.3 Ohm’'s Law

In 1826, George Simon Ohm made an
investigation of the relationship between
electric potential difference across a
conductor and the current flowing®
through it. The currentinac %(

increased by increasi I% al
difference acrossfy ; %ccording to Fig.16.10: {a) Ohm's law circuit

Ohm's law; (b) -V graph for chmic conductor

The current flowing through a conductor is directly proportional to the potential
difference V across its two ends of a conductor, provided the physical state
(dimension, temperature, etc.) of the conductor remains same.




where R is constant of proportionality called resistance of a conductor. The SI
unit of resistance isohm (Q)and 1 Q=V A",

. 4 - umbination of Resistances

A number of resistors can be connected in a circuit to increase or decrease the net
resistance of the circuit. The resistors are connected either in series or in parallel and
the equivalent resistance of the circuit depends upon the type of combination.

Series Combination ofiResistors ] ©m ;

When resistors are connected in suchra

that there is only one path\f ?gk%@@& it

flow, then it is calle %m ation of Ll
resistors. Xample, consider three _ﬂv

resistors R, R, and R, connected in series as Fig.16.11: Resistors in series

shown in Fig. 16.11. When this combinatio

is connected to a battery of V volts, it draw

current / from the battery. Let R, be a single resistor representing the total
resistance of the circuit, also called equivalent resistance.

The total voltage in the circuit will be the sum of voltage across the three
resistors.

Le V=V, +V,+V;

Applying Ohm's law:

Vi = IRy, V2 = IR; and V5 = IR; @O@(@m
or  IR,=IR;+IR+IR, O @@@ﬁ
IR, = I(Ry+R:+Rs)D Q&Q
R.= R+ % mﬁ)
Thus, equiv@m&ce is equal to the sum of individual resistances.

——




‘ParalleFCombinatio

; B
When there are multi \ fo e
flow in a circuit ( in the diagram),
the combination of resistances is referred to

as parallel combination. The electric potential
across each resistance is the same and equal
to the applied potential. Each resistor has a
steady current flowing through it. Consider
three resistors R, R, and R, connected in
parallel (Fig. 16.12). When these are connected
to a battery of V volts, it draws a current / from
the battery. R, is a single resistor. This resistor

L8 £

Fig.16.12: Resisgors in parallel

is such that when it is connected to the same battery of V volts, it also draws current
| from the battery. This resistor is therefore called equiv

resistance is called equivalent reStstance Thg

sum of currents flowing throu
1=l 41+,

Applying Ohm's W Q
' =1,R, —IsRa

railare X
or Rl,l;,

Gwen that; Rq -

Tofind: =% B Tand =1 o

80, Rz o 24 Q and‘t?" 0V

@@ Wlll be the




16.5 Electrlcal Res:stnnty
The opposition to the flow of electric e e eI,

current is called resistance.

This resistance is directly proportional to the
length of the conductor and inversely

prcjportional.to its area. If A is the area ar d Em@u@f©f a material

R is the resistance of a cond ble16.1: Electrical resistivity

(Fig. 16.13), then math “ : of different materials
write it as: Electrical
: Material |resistivity
=p—

Siiver 1.7

4 ' Copper 1.69

R=p-Lt. ... (16.8) Aluminium | 2.75

A Tungsten 5.25

i b : - Platinum 106

Here, p is a constant called electrical — e
resistivity of a material which quantifies Nuchrome | 100

Graphite 3500

how strongly a material resists to electric
current. Materials with high resistivity are

poor conductors of electricity, while those with low resistivity are good conductors.
The Slunit of resistivity is the ohm-metre (Q m).
Resistance of a cubic metre of a material is called resistivity.

- Conductor
@ <enmiconductor

conductor can change @ insulator

most conductors :
x O

electrical increases with

temperature because atomic vibrations

resist electron flow.

Resistance

For example, in a fil nt lam Temperature ——
P il P when the Fig.16.14: Temperature effect on materials




temperature of the filament
occurs because the fila i
causes the flow e current. The increase in the temperature of a resistor
increases the vibration of its atoms. These vibrations make it harder for the
electrons to move. As a result, the flow of current becomes more difficult, and the
resistance goes up. So, a hot filament has more resistance than a cold one.

In the case of semiconductors and insulators, resistance may decrease with
temperature due to increase in the mobility of free charge carriers. For example,
thermistor, which is made up of a semiconductor material, is a type of resistor
whose resistance decreases as its temperature increases. At low temperatures, the
semiconductor material has fewer free charge carriers (electrons or holes), resulting
in high resistance. As the temperature rises, more charge carriers are released,
increasing conductivity and reducing resistance. Due to change in resistance, the
re5|st|wty also changes accordmgly The effect of tempera e of

16.6 Potentlal DmderCurcmt B |
.':m\‘\ a

A potential or voltage dii
divides a voltage into
It consists of e re5|stors connected in V-
series across a voltage source (Fig. 16.15). The
voltage across each resistor is proportional to its
resistance relative to the total resistance of the
circuit.




"__*__li :

“ S €5 oris given by
WNN O ol ilipiiie s ot (16.9)
R, V,
where V., = voltage across R,
and V, = voltage acrossR,
The total voltage (V,,,) is the sum of V,and V;;
Via = VoeVs s (16.10)
The voltage across each resistor can also be calculated using the formulae:
! V,
V,= IR = -_Eeix R,
V,= VX R, ok (RO L)
R.+R,

The resistor

NN :
coloured bdnds printed on resistors to
indicate their resistance value and tolerance
(Fig.16.16). Tolerance means how much a

resistor's real value can be different from the

Brown

Black

Gold

Fig.16.16: 100-ohm resistor coiour codes

Va'ue written on it' In th|s Way, resistor's Table 16.2: Standard resistor colour codes

values can be identified without using
multimeter. Each colour represents a
specific digit and multiplier. In a four band
resistor, the firstand second bands indicate
1" and 2™ digit, the 3" and 4" bands show
multiplier and tolerance. For example,
resistor has four bands Red, Viol

and Gold. First two dlg u
shows

band is a multipli

tolerance he fnal value of
resistance is 270,000 Q or 270 kQ. The
standard resistor colour codes are given in

Table 16.2.

Colour  Number Multiplier Tolerance
Black 0 10° -
Brown 1 10 -
Red 2 10? -
Orange 3 10° -
Wow o mfﬁ’ﬁi\ p
e Y A I
\Ma\\V))J6 | o | -
Violet 7 107 :
Grey 8 10° -
White 9 10® -
Gold - 107 + 05%
Sliver - 10" * 10%
Colourless - - * 20%
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'y Thermistors' ]

\ )
A Negative TWQ s sishi thermistor (NTC) and its circuit diagram is

shown in Fig.\1&!17. It is a type of resistor whose resistance decreases as the

Negative Temperat

temperature increases. This behaviour is due to the negative temperature
coefficient, meaning that the material used in the thermistor conducts electricity
better as the temperature rises. The increase in temperature gives more energy to
the charge carriers (electrons), allowing them to move more freely through the

material, which reduces the resistance.
Action and Use
As the temperature increases, the resistance

of the NTC thermistor decreases. This makes it
useful for applications where changes in H

temperature need to be detected. d\” @
thermistors are comypo m@ ‘
temperature-sensin '@m hose found in electronic devices (e.g.
thermometeM?e monitoring circuits, and temperature compensationin
circuits).
Anolicati

1. Temperature sensors in electronic devices.
2. Over current protection in power su pplies, where the thermistor can limit current

Circuit symbol

2o

7: NTC thermistor

based on temperature changes.

Dependent Resistors (l_.ﬁ.Rs)

Light-

A circuit diagram of a light dependent resistor (LDR) is shown in Fig. 16.18.1t is a
type of resistor whose resistance decreases as the intensity of light increases. The
more light that falls on the LDR, the more current flows through it, asﬁgs\3

its.resistance
N

‘ ‘ g op
gt B,  Photoconductive
, i material over
=l top surface

photoconductive material_inside

) Q st
absorbs light ener m contacts
electrons, allowi move more ‘e
freely and thus reduces the resistance.

\ DR circuit symbol
ma“d Use ~——— Wire terminals
As light intensity increases, the resistance Fig. 16.18: Light dependent
resistor

of the LDR decreases, allowing more




current to pass through. LDRs are wité jht-sensing circuits, where

changes in light intensity a
lighting system ?
level detection isheeded.

Applications
1. Street lighting that automatically turns ON when it gets dark.
2. Brightness sensors in cameras that adjust exposure based on amb|ent light

levels.

16.8 Common Use of Electricity

Electricity is one of the most versatile forms of energy that is used in our daily lives.
One of its most common uses is heating, where it powers devices like electric

heaters, stoves, and water heaters to keep us warm and cook @{?@@ plays
a key role in lighting, from the bulbs in o es-tostreet flashlights,

making it possible to see an rke Ay portant use is battery
charging, as electricity poWé& ers for our phones, laptops, electric
vehicles, and devices. Additionally, electricity is essential for
. powering motors, WhICh are found in appliances like washing machines,
refrigerators, and industrial machinery, as well as in electric cars and trains.
Electricity is the backbone of electronic systems, running computers, televisions,

smartphones, and other gadgets that keep us connected and entertained. In short,
electricity is everywhere, making our lives easier, safer, and more efficient.

Nnsors in cameras, and other applications where light

16.9 Electric Power
Electric power is the rate at which electrical energy is transferred or

consumed in a circuit.
It measures how quickly work is done or energy is used. The SI um‘ ver is

watt (W). - @W@
Q-.Qurrent land voltage V.

. (16.13)

Electric power Pis commonibﬁg

. A\

So P=IR
or Pl R sisisiane (16.14)
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oule'sLaw _§ @@Q ol

Heat pmdUCEdWéj tand the resistance of the conductor can be
described by Jo .According to this law:

The heat energy produced in a resistance is equal to the product of square
of the current, resistance and time.
Mathematically; - H = IRt

or H 5 PXE ... s 161 5)

This is the relationship between electric power P and total heat energy which

shows that the total heat energy H is the product of power and time. The power
of a resistor determines how quickly heat is
produced. For example, a 100 W electric
bulb produces heat at a rate of 100 joules
per second. The total heat energy depe

on how long the electricb

Tidbit

e,

For instance, itRe
produced is:

électric bulb runs for 10 seconds, the total heat energy

H=Pxt=100W x 10s = 1,000 J

Kilowatt-hour

Electrical energy is commonly consumed in very large quantity. The unit which is
used to measure large amount of electrical energy is called kilowatt-hour. It is
defined as:

The amount of energy delivered by a power of one kilowatt in one hour is
called kilowatt-hour. =g e |

One kilowatt-hour (1 kWh)= 1,000 W x1 hou# ... @Q‘%ﬁ@ 0@@@
@. %J

. O
The energy iWﬁ obtained by the formula: _
The amount ot lectrical energy in kilowatt-hour = Power in watts x time of use in hours

1,000

The electric meter installed in our houses measures the consumption of
electrical energy in the units of kilowatt-hour according to which we pay our




calculate the amount of elec
Cost of electrlc

LY\ R4
units consumed X Cost ofoneu nlt

_ Power’in watts x time of use in hours

electricity bills. If the cost Q@

1,000
When designing circuits, it is important to
choose components with suitable power
ratings. Selecting components with the
right power ratings ensures safety,
reliability, and efﬁc:ency

x Cost of one unit

If two appliances are rated 100 W and
1,000 W, both used for 1 hour. Do they
consume equal energy or different? Why?

fxamﬁle 16 4 Calculate the one-month cost ef 210 W“

~ Number .of"umts-_.ggnsumeq |

Total cgsﬁ .

PowerxT‘mexDays
-01:<10>c30 Muﬁﬁs
,-*Umtsmumedx

#er unit

Household circuits safely dlstnbute electnqty through diﬁer#nt pathways in a

home. Safety measures protect against
electrical hazards.

Household Circuits ®
In a parallel circuit, every apg%me I

refrigerator, bulbs, or TV
connection to
parallel circuits, each appliance works
independently. We can turn OFF the lights
in the kitchen without shutting down the

r

Maln fuse Main ml‘tch

Eierir.ltv oi various
appliances in paraliel

i i mn

Supply. In the Nauttalwire -

Earth
connection l
B

Fig. 16.19: Hm;:sehoid circuit

Earth wire




TV in the living room. @@w-

appliance breaks or E ast of our home's power stays ON. In short,
connecting ourhoine’s electrical system in parallel is like giving every appliance its
own superpowei consistent voltage, independent operation, and reliable
performance. It is the smartest way to keep our home running smoothly and
efficiently. Figure. 16.19 demonstrates a household circu it.

Hazards of Electricity and Safety Measures

Common electric hazards occur due to:

1. Malpractice (incorrect use) or lack of maintenance, and they can lead to serious

accidents like shocks, fires, or even fatalities. _

2. One major hazard is damaged insulation, where the protective covering on wires

wears out or gets cut, and exposing live wires. This can cause gt@@c{ﬁ@or short
Q

circuits. | o @X]
3. Another dangJer is overheating “'&‘ Q& when wires carry more
m 4 them to heat up and potentially start a

current than they are desig AL
fire. ©
4. Overloading is a common issue plugging too many devices into a single socket,

extension lead, or power strip can draw excess current, overheating the circuit and
causing fires. . Surface-mount

Fuses and trip switches (circuit breakers) are ’ I a
essential safety devices to avoid these f/ *

hazards. Fuses contain a thin wire that / iy “‘“"”“"’“'
melts due to flow of high current. As a /'u’! H’w %i'
result, breaking of the circuit stops the flow & hﬁ Y £

of electricity. Different types of fuses are

shown in Fig. 16.20. Trip switches, on the )

.
fu Migh-current fusé High-current fuse

R Fig. 16.20: Different types f fuses

other hand, automatically cut OFF power . C©

when they detect a fault, like an overload @@0

short circuit (Fig. 16.21)0 e

connected to the v% circuit, e ‘
O CEE AR

ensuring t ire circuit is switched = -
OFF safely in case of a problem. One of the = L o %
most critical safety features in a circuit is the " ‘

earth wire.If a fault occurs such as a live wire Fin, *7 21 A trip switch




touching a metal casing, the Brain Teaser

provides a low-resistanc \ B "w_h'y can a tiny device like a smartphone
current to flow saf; ; ground. This  charger trip the main switch if something

prevents the ca: Oom becoming live and 8% “"&’

triggers the fuse or trip switch to cut OFF Neutral
the power. This is why the outer casing of an

electrical appliance must be either non- Exkth
conducting (double-insulated) or earthed.

Double-insulated appliances, like many Live

power tools, have casings made of plastic,
which cannot conduct electricity.
Appliances with metal casings, like washing

Fig. 16.22: Main circuit wires

A typical main circuit consists of
wires: ' AR
The live wire (line wir 5% ies &
the current frbmﬂﬁMupp]yc the ——o~o— —m;m?w— —@—

5 A Open Switch
neutral wire, which completes the

i 3 L —O—O— —j —_ presa b—
circuit; and the earth wire, which Closed Switch i _| Bamry’
provides a safety path for fauit currents gy ___ -@-

(Fig. 16.22). Despite these safety s e h
measures, electric shocks can still oceur, St "if'am . A.oﬂer
and they can be extremely dangerous. AAM

When electricity passes through the . i Inductor
human body, it can cause burns at the Fig. 16.23: Symbols of various
entry and exit points. More seriously, it electrical components

can disrupt the body's electrical signals, ®w@o©@m

leading to cardiorespiratory failure @ @ :
(where the heart and lungs steg es. This is why proper safety

mechanisms like fuses, circuit ‘ g eafthing are so important which help
to prevent accidW&t&ct lives. The symbols of various electrical
n

components are sh inFig. 16.23.




EXERSICE

S L N N

16.1 Thedirection of conventional current is:
(a) from negative to positive terminal
(b) from positive to negative terminal

(c) in both directions at the same time
k (d) it does not have a fixed direction
; 162 What type of electric current flows in one direction only?
(a) Alternating current (b) Direct current
e (¢) Induced current (d) None of these
16.3  The device used to measure electric current:
(a) voltmeter (b) ammeter (c)ohmmeter (d) wattme e\
164  What s the function of an electromotive force (e.m. 43 _ uit?
(a) To reduce resistance in the circujt ﬂo
(b) To provide energy-to dri thecircuit
(c) To store electri use
(d) To cony, ergy into mechanical energy
165 Ther ip between voltage, current, and resistance is:
@V=IR b)V=I1/R ©V=FR d)V=R/I
166 What happens to the resistance of a metai conductor when its temperature
increases?
(a) It decreases (b) It remains constant
(c) Itincreases (d) It becomes zero

B. Short Answer Questions

i 161 How does an ammeter measure electric current?
| 162 What is the main difference between direct current and alternating current ?
163 Define electromotive force (e.m.f).

164 State Ohm's law and define resistivity. @
165  What is the formula for calculating the e tﬁj}@g@@ resistors
connected in series ? Q @
% a conductor?

166  How does temperafyre
1\ _
C. Constructed Responee'Questions
VNI RVAS

Why is’it important that an ammeter has very low resistance and is
connected in series, while a voltmeter has very high resistance and is
connected in parallel? What would happen if they were connected
incorrectly?



16.3

164

16.5

the same girGUit? Ex

In a household lighting circuit, what practical problems might arise if the
bulbs were connected in series instead of parallel?

You are tasked with designing a fuse for a device that operates at 230 V
and 5 A. What rating would you choose for the fuse and why? What could
go wrong if the rating is too low or too high?

Explain why A.C is more suitable for power transmission across cities, even
though D.Cis used in batteries and portable electronic devices.

‘
|

D.Comprehensive Questions

16.1

16.2

16.3

164

16.5

Explain the concept of electric current. How is it related to the movement of
charges, and how is it measured in a circuit?

Define electromotive force (e.m.f) and pote does a
battery create a potential di er@c “role of emf. in

maintaining the flow
State and explain O 55 the resistance of a conductor affect
7 can Ohm's law be applied in practical electrical

the flow of ¢ .
circui
Differentiate betweei series and parallel combinations of resistors. Provide

mathematical expressions for calculating the total resistance in both types
of circuits.

What is meant by resistivity of a material? How does it depend on the
material, and what role does temperature play in changing the resistivity of
conductors and semiconductors?

E, Numerical Problems

16.2

16.3

16.4

16.5

- Two resistors of 10 Q and 30 Q@

A charge of 25 coulombs passes through a circuit in 10 seconds. Calculate

the current flowing through the circuit. [Ans: 2.5A]
Three resistors of 4 (), 6 Q), and 8 Q are connected in series to a 24 V battery.

Find the total resistance and the current flowing throu %he C@m
33 A]

across a 20 V power

e current drawn from the power
[Ans: 7.50, 2.67 A]

supply. Calculate th@% a3
supply. ‘

Four 1 s are connected in series in a flashlight. Determine the

total electromotive force (e.m.f.) supplied to the circuit. [Ans: 6V]
A circuit has a 5 A current passing through a 7 Q resistor. Calculate the

power dissipated in the resistor and the energy consumed in 10 minutes.
[Ans: 175 W, 105 kJ]




i g e
In short, the chemical action hattery creates a potential difference that
allows the curr i

enti
Electric W&Wﬁamm of electric potential energy (W) per unit
charge (Q) at a specific point in an electric field. '

: w
i.e; V= e (16.4)
The potential difference is the difference in
the values of electric potential between two Battery
points in the electric field (Fig. 16.6). The unit ——ll "o
of electric potential is volt (V). One volt is Bulb

Potential difference is also called voltage

which is the energy used by a component in

the circuit. Voltage can also be ref -
Rlled By

e.mf. which is the energ%} "ﬂ
source like a battery. otential difference

er

Higher r
tial

potenti n@
(e
Fig. 16.6: Potential
difference across two points in a circuit

equals to one joule per coulomb (V=J C7). __5__@__2___
=

and emf. are ed in volts.
Volitmeter

-

s
(@ Do You Know?

3 F:__-

Voltage can be measured using a device

called voltmeter. Voltmeter can also be of . ¥ o
analog and digital types. Both types are [::3 ]
available with different ranges, allowing e

&

them to measure voltages of varying G B

g The electromotive force is the type of VﬂmhﬂuMlnm
magnitudes. Analog voltmeters use a eemwhihforssauntpostie pe e
- mwmmmmanMMkmbwm
needle and a scale to display the voltage,  resveteminaofhesource.tr  doneperunt of harge sgans s i
{ i separates the two charges from electric field test charge
making them useful for observing ;
changes or trends over time. Di

voltmeters, on the other
|

voltage as a numeri
offering grea cision and ease of

reading. For example, a low-range
voltmeter might measure millivolts (mV),

(0 \o

Analog voltmeter Digital voltmeter

Fig. 16.7: Types of voitmeters




vditage could da & device, while using a high-range voltmeter for a small
voltage, migwmm accurate readings. Analog and digital voltmeters are

shown in Fig. 16.7. » = e g,

Example 16.1: A battery does 120 J '_n_f'wcrk‘{to._mwe.a charge of 20 C through a
crcuit. Whatis the potential differenceacrossthe ircuit? =~~~
Glenthat; . =120} QERBES LS E 0,

TAey e e

To find; v=? '
Substitifing thevalues V=1201/20LmEN i 0 L |

W00

When multiple voltage so {
their total e!ew orce (e.m.f) is simply the sum of their individual e.m f.
This is becau voltage sources add energy to the charges one after the
other.

Formula: Eow =E, +E, + .. +E

where

E... = total em f.

E, E, ... E, = emf. of the individual sources

i i— -

Example: If four batteries, each with an o SR e
em.f. of 1.5V (Fig. 16.8), are connected : a(‘,‘ 15;

in series, the total e.m.f. would be6V. O @@ 16.8: Series
Q combination of batteries

= o 3 v e - .
E.M.F. of Identical Saurces Connected In Parallel

NAVAS:
When rnultiplecal sources (such as batteries with the same voltage) are

connected in parailel (Fig. 16.9), the total e.m.f. across all of them remains equal
to the e.m.f. of a single source. This is because, in parallel connections, each




T e Sy et ey o e s e T s e

: et B
battery is connected dire 6@ B\ For Your Information SASSSSES
same two points voltage * S
(e.m.f) does notlchange. However, the !
total current supplied by the sources will
increase due to the additional paths
available for current to flow.

Explanation: In a parallel connection, each
source contributes current independently
while maintaining the same voltage across
each of them. This results in the total e.m.f.
remaining equal to the e.mf. of one of the
individual sources, but the total current
becomes the sum of the individual current‘ _

provided by each source. Qé&“

Formula: Foridentical sour%% ;
Eoon

where

E... is the total em.f. across the parallel

sources.

E, E, ... E, are the em.f's of the individual sources (which are identical for each

source in the parallel connection). '

Example: In Fig. 16.9, four 1.5 V batteries are connected in parallel. The total
e.m.f. across the combination will still be 1.5V, just as it is for a single battery.

16.3 Ohm's Law

In 1826, George Simon Ohm made an AN
investigation of the relationship between

electric potential difference across @
conductor and the curr 5@ f

Bram Teasey

Three identical 5 V cells are connected in
parallel. What is the total e.m.f. of the
combination?, = _

through it. The current in aﬁ f

increased by inc otential @ 1+ (b) v
difference acr nds. According to Fig.16.10: (a) Ohm’s law circuit
Ohm's law; (b) I-V graph for ohmic conductor

The current flowing through a conductor is directly proportional to the potential
difference V across its two ends of a conductor, provided the physical state

(dimension, temperature, etc.) of the conductor remains same.




N i~ i e\, W8 SR g i T ik, Tt fb

where R is constant of proportionality called resistance of a conductor. The S
unit of resistance is ohm (Q) and 1 Q=V A-".

. <4 - umbination of Resistances

A number of resistors can be connected in a circuit to increase or decrease the net
resistance of the circuit. The resistors are connected either in series or in parallel and
the equivalent resistance of the circuit depends upon the type of combina%ion.

R,

Series CombinationofiResistors @G@©
When resistors are connected in s Q _ |
/

that there is only one pa TCoireDs |

flow, then it is cal i Ination of _‘]I ||.r_
resistors. F ple, consider three v
resistors R, R, and R, connected in series as Fig.16.11: Resistors in series

shown in Fig. 16.11. When this combinatio
is connected to a battery of V volts, it draw:
current / from the battery. Let R, be a single resistor representing the total
resistance of the circuit, also called equivalent resistance.

The total voltage in the circuit will be the sum of voltage across the three
resistors.

Le V=Vi+Vo+V;
Applying Ohm's law:

V-; = ”‘?1, Vz = fRz and V3 = fR_q @W
or  IR.= IR, +IRs+IR, Q@@@

IR, = I(R1+R>+R;) O“
_ R,= W& ..... 6.6)
Thus, equival Istance is equal to the sum of individual resistances.

a¥eelis




the combination of resistances is referred to
as parallel combination. The electric potential
across each resistance is the same and equal
to the applied potential. Each resistor has a
steady current flowing through it. Consider
three resistors R, R, and R, connected in
parallel (Fig.16.12). When these are connected
to a battery of V volts, it draws a current / from
the battery. R, is a single resistor. This resistor

¥

Fig.16.12: Resisgors in parallel

is such that when it is connected to the same battery of V volts, it also dra rrent

resistance is called equivalent resistan Tt;e ota

| from the battery. This resistor is therefore called e
ﬁ% ?rcurc will be t

sum of currents flowing thro

I=1,+1,+1,
Applying Ohm's |
V=IR, V=IR, V=’3R3
LT TR
or l, R s R, As R;
v VY V. V¥V
or o LR R
RRRR,
or Moopd w1
R-VIE Rt R
s S S I A S
R._R R R

mdw;dual resistances.

_hm"rwe re515t°¥’5_____._. MRV Wi

Thus, the reciprocal of equivalent resistance is equal to the sum of reamals of




16.5 Electrical Resistivity
The opposition to the flow of electric e e e
current is called resistance. T T E——

This resistance is directly proportional to the i calgy

length of the conductor and inversely @@ﬂ@@ \

proportional to its area. If A is the area and @W Vity of a material
Ta

R is the resistance of.a ¢ ‘ J‘S
(Fig. 16.13), then math VR da

ble 16.1: Electrical resistivity
of different materials

write it as: Electrical
6 7 Material |resistivity
L (10°* O m)
R =p—;\- Silver 1.7
L Copper 1.69
=0 = o168 Aluminium | 2.75
® 5 A ( ) Tungsten 5.25
= ' Platin 10.6
Here, p is a constant called electrical S L [
resistivity of a material which quantifies Nuch;game 100
how strongly a material resists to electric L

current. Materials with high resistivity are

poor conductors of electricity, while those with low resistivity are good conductors.
The SIunit of resistivity is the ohm-metre (Q m).
Resistance of a cubic metre of a material is called resistivity.

@ conductor
conductor can change w
most conductors fg} :}
electrical nce increases with
temperature because atomic vibrations

4% @B semiconductor
% B nsulator
resist electron flow.

r le, in a filamen n Tempersture ==
Fo example, in a filam tlamp' when the Fig.16.14: Temperature effect on materials
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temperature of the filamen i‘*ﬂ\'{i‘_‘ also increases. This
occurs because the fila t u“o e of metal, and metals have free electrons that
causes the flowm current. The increase in the temperature of a resistor
increases the vibration of its atoms. These vibrations make it harder for the
electrons to move. As a result, the flow of current becomes more difficult, and the
resistance goes up. So, a hot filament has more resistance than a cold one.

In the case of semiconductors and insulators, resistance may decrease with
temperature due to increase in the mobility of free charge carriers. For example,
thermistor, which is made up of a semiconductor material, is a type of resistor
whose resistance decreases as its temperature increases. At low temperatures, the
semiconductor material has fewer free charge carriers (electrons or holes), resulting
in high resistance. As the temperature rises, more charge carriers are released,
increasing conductivity and reducing resistance. Due to change in resistance, the

resistivity also changes accordingly. The effect of tempere a-a ce of
different materials is graphically shown in Fi | = _
m’.andaresis ty OPE'm. Calculate its resistance.
ety e e 0 g :

p=282x10%Qm

82x10°0m)x 15m/3x10%°m)
ST AT PTG T W e

16.6 Potential Divider Circuit
A potential or voltage di 'noim Holit-1
divides a voltage into O ! dsing resistors.
It consists of t e resistors connected in
series across a voltage source (Fig. 16.15). The
voltage across each resistor is proportional to its
resistance relative to the total resistance of the
circuit.




e

SIstor is given by

Consider two re5|stors
in series. The voltage ac

ﬂ%

B lae aliss (16.9)
. R, V,
where V. = voltage across R,
and V, = voltage acrossR,
The total voltage (V,,,) is the sum of V,and V.:
VAR A 4 I (16.10)
The voltage across each resistor can also be calculated using the formulae:
V,
V.= IR, = ;:“ XA
A i i (16.11)
R, +

The resmtow e5-is a system of

coloured bands printed on resistors to Goid
indicate their resistance value and tolerance Btnck
(Fig.16.16). Tolerance means how much a
resistor’s real value can be different from the

value written on it. In this way, resistor’s Table 16.2: Standard resistor colour codes
values can be identified without using g

Fig.16.16: 100-ohm resistor colour codes

multimeter. Each colour represents a | Bl : 1°:
specific digit and multiplier. In a four band |-oro%™ : 2

: BRI Red 2 102
resistor, the first and second bands indicate =
1% and 2™ digit, the 3" and 4" bands show o - -

4 5 g Yellow 8 | 2
multiplier and tolerance. For example, a g N5 o
resistor has four bands Red, Violet; Y&H B\ ) | | 6 10°
and Gold. First two dlgl \shew 2  Violet 7 107
band is a multi ( % Grey 8 10°
tolerance e final value of | White 9 10°
resistance is 270,000 Q or 270 kQ. The |Sod 2 AT 8%
standard resistor colour codes are given in |- >1ve" : Moehiaaes
Table 16.2 Colourless - * 20%




A Negative Te Coeft E

shown in Fim a type of resistor whose resistance decreases as the
temperature increases. This behaviour is due to the negative temperature
coefficient, meaning that the material used in the thermistor conducts electricity
better as the temperature rises. The increase in temperature gives more energy to
the charge carriers (electrons), allowing them to move more freely through the

material, which reduces the resistance.
Action and Use
As the temperature increases, the resistance

of the NTC thermistor decreases. This makes it
useful for applications where changes in

temperature need to be detectedON @

thermistors are co on %@ )
temperature-sensin %% s those found in electronic devices (e.g.,

thermomet Gre monitoring circuits, and temperature compensation in
circuits). '

Applications

1. Temperature sensors in electronic devices.

2. Over current protection in power supplies, where the thermistor can limit current

based on temperature changes.

Light-Dependent Resistors (LDRs)

A circuit diagram of a light dependent resistor (LDR) is shown in Fig. 16.18. It is a
type of resistor whose resistance decreases as the intensity of light increases. The
more light that falls on the LDR, the more current flows through it, amresistance
decreases. This occurs because the a

top surface &\.

photoconductive material inside YO AT =
i O ha:ucqn;:lucﬂvi
matenal over
absorbs light energ a . i
i move more e
LDR circult symbol

electrons, al
freely and thus reduces the resistance.
As light intensity increases, the resistance Fig. 16.18: Light dependent

- r T
of the LDR decreases, allowing more esistor




current to pass through. LD
changes in light intensity

lighting systenWs sors in cameras, and other applications where light
level detection \¥'Heeded. :

Applications
1. Street lighting that automatically turns ON when it gets dark.
2. Brightness sensors in cameras that adjust exposure based on ambient light

levels.

16.8 Common Use of Electricity

Electricity is one of the most versatile forms of energy that is used in our daily lives.
One of its most common uses is heating, where it powers devices like electric
heaters, stoves, and water heaters to keep us warm and cook our f @ﬁo plays
- a key role in lighting, from the bulbs in our h %@ d flashlights,
making it possible to see and work eve eérimportant use is battery
charging, as electricity po ers for our phones, laptops, electric
vehicles, and Wb evices. Additionally, electricity is essential for
: powering motbdrs, which are found in appliances like washing machines,
refrigerators, and industrial machinery, as well as in electric cars and trains.
Electricity is the backbone of electronic systems, running computers, televisions,

smartphones, and other gadgets that keep us connected and entertained. In short,
electricity is everywhere, making our lives easier, safer, and more efficient.

16.9 Electric Power _
Electric power is the rate at which electrical energy is transferred or
consumed in a circuit. }
It measures how quickly work is done or energy is used. The SI unit eris

Watt (W). P = W/ @D@
i =) @@
Electric power Pis commonl !i oredrrent/and voltage V.

i
; \ o (%
B g v
So P=IR
or P sV R -cssiioisnsy (16.14)
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Heat produced by an el r% e res:stance of the conductor can be
described by Joul ¢cording to this law:

The heat energy produced in a resistance is equal to the product of square

of the current, resistance and time.
Mathematically; H = I'Rt
or H=Pxl....;en (16.15)

This is the relationship between electric power P and total heat energy which

Joule's Law Y;

shows that the total heat energy H is the product of power and time. The power
of a resistor determines how quickly heatis _eeses
produced. For example, a 100 W electric *
bulb produces heat at a rate of 100 joules
per second. The total heat energy depends
on how long the electricb

For instance, iw
produced is:

H=Pxt=100W x 10s = 1,000 J

Tidbit

ulb runs for 10 seconds, the total heat energy

Kilowatt-hour

Electrical energy is commonly consumed in very large quantity. The unitwhich is
used to measure large amount of electrical energy is called kilowatt-hour. It is
defined as:

The amount of energy delivered by a power of one kilowatt in one hour is
called kilowatt-hour. ' - .

One kilowatt-hour (1 kWh)= 1,000W x1hour ... 15 @m
=1,000W3 @%0@

5 |
The energy in kilowatt-h % ained by the formula:
The amount Mﬁe rgy in kilowatt-hour = Power in watts x time of use in hours

1,000

The electric meter installed in our houses measures the consumption of
electrical energy in the units of kilowatt-hour according to which we pay our




electricity bills. If the t:os‘gD
calculate the amount of el

o rn \
A o . i M - i :

»
on Y unit l“ known, we can

units consumed x Cost of one unit
n watts x time of use in hours

1,000

When designing circuits, it is important to
choose components with suitable power
ratings. Selecting components with the
right power ratings ensures safety,
rellablllty and efficiency.

' :_':'_e 15.4_ Ealculate the one-

x Cost of one unit

If two appliances are rated 100 W and
1,000 W, both used for 1 hour. Do they
consume equal energy or different? Why?

month cost of usmg a ;110 W éﬁﬁ’:;g fan f-or

roor ':"_Msum;e that the ]ﬁnc:e of one u s

Household circuits safely distribute electnaty through dlfferent pathways in a

home. Safety measures protect against
electrical hazards.

Household Circuits
In a parallel circuit, every app

li nce d“
refrigerator, bulbs, onge WWh
connection to th V. In the

parallel circuit T appllance works
independently. We can turn OFF the lights
in the kitchen without shutting down the

Main fuse Main switch

%) Fm

t

Neutral wire

n_.—.-___.—.--

Earth

S— Earth wire

-;-

Fig. 16.19: Hou;:sehold circuit




TV in the living room. The-parallé are safer and more reliable. If one

appliance breaW . - : ’
connecting ourhieme’s electrical system in parallel is like giving every appliance its

own superpower consistent voltage, independent operation, and reliable
performance. It is the smartest way to keep our home running smoothly and
efficiently. Figure. 16.19 demonstrates a household circuit.

Ha'z-.ards_bf Electricity and Safety Measures

Common electric hazards occur due to:
1. Malpractice (incorrect use) or lack of maintenance, and they can lead to serious

accidents like shocks, fires, or even fatalities.
2. One major hazard is damaged insulation, where the protective covering.gn wires

wears out or gets cut, and exposing live wzres This caniga\w@ r short
circuits. '

3. Another dangfgr is overlige pens when wires carry more
current than they are designed for}-causing them to heat up and potentially start a
fire.
4. Overloading is a common issue plugging too many devices into a single socket,
extension lead, or power strip can draw excess current, overheating the circuit and
causing fires. surface-mount

Iuw-ohnre!nnrl
Fuses and trip switches (circuit breakers) are
essential safety devices to avoid these /
3 5 . W‘Wdf“ Miusn
hazards. Fuses contain a thin wire that
melts due to flow of high current. As a @"
fuse

result, breaking of the circuit stops the flow m,

of electricity. Different types of fuses are v il "wﬁ
shown in Fig. 16.20. .Trip switches, on the Fig. 16.20: Pifis @

other hand, automatically cut OFF power S a t@

when they detect a fault, like an oved% @®

fuse

short circuit (Fig. 16.21).

connected to W@ e circuit,
ensuring that ire circuit is switched

OFF safely in case of a problem. One of the
most critical safety features in a circuit is the

earth wire. If a fault occurs such as a live wire Fin. 1% 21: A trip switch




"

touching a metal casing)the—€an

provides a low-resi ‘{\!\ or the
o :

o the ground. This

prevents the casing from becoming live and
triggers the fuse or trip switch to cut OFF

currgnt to flo

S B— i v

%‘;‘u S

Brain Teaser

Why can a tiny device like a smartphone
charger trip the main switch if something
goeswrong?

Neutral

the power. This is why the outer casing of an

electrical appliance must be either non-

Earth

conducting (double-insulated) or earthed.
Double-insulated appliances, like many tive
power tools, have casings made of plastic,

which cannot conduct electricity. -
Appliances with metal casings, like washing
machines, are connected to the earth wire for Imagine

GO D

safety.
A typical main circuit cg ‘\

wires: “
The live wire W&lch carries
the current from the power supply; the

neutral wire, which completes the
circuit; and the earth wire, which
provides a safety path for fault currents
(Fig. 16.22). Despite these safety
measures, electric shocks can still occur,
and they can be extremely dangerous.
When electricity passes through the
human body, it can cause burns at the
entry and exit points. More seriously, it
can disrupt the body's electrical signals,
leading to cardiorespirato
(where the heart and Iungo
mechanisms like Lad
to prevent ac

components areshown in Fig. 16.23.

Fig. 16.22: Main circuit wires

Brain Teaser

Sals
/ =
O~ _O (S | - —
Open Switch Thermistor ‘%BR/
O | —
Closed Switch &u’u =‘ BLtterv' oo
== o (VW)
Fuse Lamp Voltmeter
D L —@
Diode Ground Ammeter
Resistor Buzzer m

Fig. 16.23: Symbols of variou
electrical cempo

@ﬁo@@

} Q
fail m@
EK% r seizures. This is why proper safety
a

kers, and earthing are so important which help
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A. Multiple Choice_que-stions
Tick () the ANt answ

<\ answer
16.1 Thedirection of conventional current is:
(a) from negative to positive terminal
(b) from positive to negative terminal
(c) in both directions at the same time
(d) it does not have a fixed direction
16.2  What type of electric current flows in one direction only?
(a) Alternating current (b) Direct current
(c) Induced current (d) None of these
16.3  The device used to measure electric current:

(a) voltmeter (b) ammeter (c)ohmmeter (d) wattmete A
164  What is the function of an electromotive force (e. @@ﬁ \ t?
(a) To reduce resistance in the circuit 2
(b) To provide energy driv % e circuit
se

(c) To store electrical

(d) To conv rgy into mechanical energy
165 Therelati ip between voltage, current, and resistance is:
@V=IR (b)V=1/R (©V=I?R dV=R/I
166 What happens to the resistance of a miai conductor when its temperature
increases?
(a) It decreases (b) It remains constant
(¢) It increases (d) It becomes zero

B. Short Answer Questions

16.1 How does an ammeter measure electric current?

162 What is the main difference between direct current and alternating current ?

163  Define electromotive force (e.m.f).

164  State Ohm's law and define resistivity.

165  What is the formula for calculating the, equivatent
connected in series ? Q

166 How does temperaturgaffe

resistors

C. Constructed Response'Questions
N RV

161 Why is it important that an ammeter has very low resistance and is
connected in series, while a voltmeter has very high resistance and is
connected in parallel? What would happen if they were connected
incorrectly?




16.2 If a copper wire is replaced with an aluminum wire of the same

16.3

dimensions, how would the current and power consumption ch{ﬁnge in
the same circuit? Explain using the concept of resist @?@@

In a household lighting circuit, what practi ‘ﬂv‘%# ight arise if the
bulbs were connectediin series iy ‘ Ars

ing\a fuse for a device that operates at 230 V
>utd you choose for the fuse and why? What could
go wro rating is too low or too high?

16.5 Explain why A.Cis more suitable for power transmission across cities, even

16.1

16.2

16.3

164

16.5

D, Comprehensive Questions

though D.Cis used in batteries and portable electronic devices.

Explain the concept of electric current. How is it related to the movement of
charges, and how is it measured in a circuit?

Define electromotive force (e.m.f) and potential difference. How does a
battery create a potential difference, and what is the role of emf. in
maintaining the flow of current?

State and explain Ohm's law. How does the resistance of a conductor affect
the flow of current, and how can Ohm's law be applied in practical electrical

circuits? @
Differentiate betwc=in series and paral m\@gs ors. Provide

mathematical expressions for sistance in both types
of circuits.

O
What is mean % : a material? How does it depend on the
materi role does temperature play in changing the resistivity of
condu and semiconductors?

E, Numerical Problems

16.1

16.2

16.3

16.4

16.5

A charge of 25 coulombs passes through a circuit in 10 seconds. Calculate

the current flowing through the circuit. [Ans: 2.5 A]
Three resistors of 4 Q, 6 Q, and 8 Q are connected in series to a 24 V battery.

Find the total resistance and the current flowing through the circuit.
[Ans: 180, 1.33A]

Two resistors of 10 Q and 30 Q are connected in parallel across a 20 V power
supply. Calculate the total resistance and the current drawn from the power
supply. [Ans: 7.5 .67 A]
Four 1.5 V batteries are connected in series i ashli l‘g)@ ne the
total electromotive force (e.m.£) supph e\djfcy [Ans: 6V]
A circuit has a 5 Auirent -% ng resistor. Calculate the
issi ip @i and the energy consumed in 10 minutes.
o [Ans: 175 W, 105 kJ]
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