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b Student’s learnirng outcomes (SLOS)

define and calculate ele % i ion; ;
explain el n uct?on in metals in terms of the movement of free electrons.

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 A.C.
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. :
@ule per |

state that em.f. and p.d. are measured in volts and that one vp
coulomb (J C).

(6)

illustrate the use of voltme differentranges.

calculate the total

state tha ‘\Il\'-! of identical sources connected in parallel is equal to the e m . of one of
the sources.

define and calculate resistivity, explaining its direct proportionality to resistance and length,
and inverse proportionality to cross-sectional area.

s 104w




- define and apply Ohm's law using the e Aoy

describe the effect of tem%g%@ n the resistance of a resistor, such as in a

filament lamp. >
draw circuit using 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;

R1i/Rz = ViV, @O@©m

Justify and illustrate the use of colour codes for resi rs.
.
use the equation; power = current x volt. ‘ @m problems.
: Q .
use the equation energy = ¢ ime (E = IVt) to solve simple problems.

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. @@
o)
explain why domestic supplies are connetiﬂ\diQ a‘ EE@@
ﬁr\ (‘/m o - J

GO




Electricity is a branch of%‘ ch\ ded

movement of char sults in"the flow of electric current which plays an
important rol aily lives. The electricity illuminates our homes, fuels our
industries, and coniiects us across vast distances. In this chapter, we will learn the
basic concepts of electricity, including electric current, potential difference, Ohm's
law, electrical resisiivity, and common uses of electricity, benefits and its hazards.
These contents will 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 ol

move freely as these are not tightly bonded ~0-0-0-0-6y

with the nucleus. These electrons mO@Y KAW@B@®
UASHT

randomly within a metallic co \é‘
- (9

However, when an exter \."‘

applied, these electr specific +|nr .
direction wﬂ@@%@‘ﬂms flow of charges |
is called an etectric current. The electric g

Current can be Caused due to movement of Flg. 16.1: Flow of electrons in a circuit
both positive and negative charges.

Anmuntofdmgopassingthmugh any cross section of a conductor per unit
time is called electric current. '
If Q charge flows in time t, then current / can be expressed as:

Q

7 f5ct o (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 be written as; 1L A=1Cs™".

Before the discovery of electrons, the

electric current was considered to be dueto

flow of positive charge

Conventional Current. Th % ove
] to the negative

terminal of the power source. Later, after Solution of electrotyts

Electrolytic
tank

: : In electrdi‘ysis, current is produced due to flow of both
the dlscovery of EIECUOI"IS, the electrlc positive and negative ions. In the electrolyte,

1 1 negative ions are attracted to the anode. This
current was d s b ed d ue to th e movement of ions within the electrolyte constitutes

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




as electronic current. The e :
the movement of positiv ‘i des\ ir 'opposite direction. Despite this difference,
both conceptw practice, with conventional current being the standard in

circdit analysis.

Types of Electric Current
1. Direct Current (DC) Direct Current
2. Alternating Current (AC) (D.C) S il

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)
voltage remains constant over time, and the ~ Alternating Current +

AL
strength of the current does not change. The <i , )__,

current provided by a battery is an example W
of direct current. Q d @
Alternating Current (A.§\is. a3 !‘! ‘ ¥

current that periodicall .& p\its-direction

(Fig. 16.2-b). r stations in our Fig. 16.2: Types of current (a) D.C (b) A.C
country produce alternating current. A.C
changes direction every 1/50 second, and its
frequency is 50 hertz (Hz). One advantage of
A.Cover D.Cis that it can be transmitted ove

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: analog,
ammeters and digital amme s“
are available in different cu
measure both sm ' urrents. In
Fig. 16.3, we ca the digital ammeter Fig. 16.3: Comparison of digital

(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 signifjcantl
Types of Amm “l\‘ Sm

eters

Analog Amm%wwalog 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 P 1\ O
compared to an analog ammeter :- @ 4} ' Do You Know?

current

A.C is More Dangerous than D.C

A ed current. They are Direct Current (D.C) is a current that travels

depending o |
I t d t d from negative to the positive terminal. It does
Plca e xR not change its direction. It is the current, we

than analog meters. Digital ammeters are  can get from a battery. It can cause
widely used in scientific, industrial, and burningif the positive and negative wires can
electrical applications where precise ©menoconac

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, %;icoratofy

experiments. @X}
High-range ammeters (e.g. AreAIS @-& arger currents, such as

some automatical

Electromotive force (e.m.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 = 1 J C™"). This means that if 1 joule of energy is used to




Electromouw \0! ‘ce (e.m.f)
A source of electromotive force (emf) |
converts non-electrical energy, like - Battery

Current v

chemical, thermal, or mechanical energy,
into electrical energy. Examples of such
sources inciude 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 gm positive

charges from the positive terminal through the condugcto O ive terminal
(Fig. 16.4). Once the charge reach ' a lower potential), the

battery does work to push terminal (higher potential). This

cycie keeps the current.f] % 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:

I
#Jk

Energy ol
B = e s (16.2) Hl AW
o
5 - E- % ............ (16.3) \
E is the em.f, W is energy converted from
non-electrical forms to electrical formand Q

is the charge. Emf of a battery can be Fig. 165 S m. .
measured directly by connectlng he battery

it
terminal to a voltmeter as shown in Fig. @@@

Potential Difference “
A battery COWiQ 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




flow as long as the chemical reaction |s
In short, the chemlcal actlon® o
allows the currenti

Electric potenti V) is the amount of electric potential energy (W) per unit
charge (Q) at a specific pointinan electric field.

- w
1.e; V= 5 (164)
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 ] [—"o——
of electric potential is volt (V). One volt is Bulb

equals to one joule per coulomb (V=) g _,___@._,.__

Potential difference is also called voltage

ngher
which is the energy used by a component |n l pot @ envial

the circuit. Voltage can also_be refe
e.m.f. which is the energ Fig. 16.6: Potential

difference across two DO!'ltS in a circuit -
source like a baw ! |ﬁerence ’ -
and e.m.f. are measured in volts.

Voltmeter #

Voltage can be measured using a device
called voltmeter. Voltmeter can also be of =y
analog and digital types. Both types are 5‘ Q |
available with different ranges, allowing

R GE
The electromotive force is the typeof  Voltage s the difference in electric

magnitudes. Analog voltmeters use a energy which forces a unit positive _ potential between two points. The voltage
mamwmmmmmhmmmwmkmmmm

needle and a scale to display the vOltage,  nestveteminaiofthesoure. i done perunitof charge sesne ot
electric test charge

them to measure voltages of varying

making them useful for observmg
changes or trends over time.
voltmeters, on the other Ly“
voltage as a W@ screen,
offering grea ecision and ease of -

reading. For example, a low-range

Analog voitmeter Digital voltmeter

voltmeter might measure millivolts (mV),

Fig. 16.7: Types of voltmeters




while a high-range voltmeter coul @
Choosing the right ran% ﬁjsmg a low-range voltmeter for a high
voltage could ice, while using a high-range voltmeter for a small
voltage, mimsje accurate readings. -Analog and digital voltmeters are
shown in Fig. 16.7. B 5 _ | 30862

Example 16.1: A battery does 120 J of work to move a charge of 20 C thr
circuit. What is the potential difference across the circuit? e e
Giventhat, ~  W=120J, Q= W mndit il

ough a

To find; ¥y
Using the formula; V=w/ Q

Substituting the values; V=120J/20C=6v

When multiple voltage ‘\= 8.6 l: atteries) are connected in series (Fig.16.8),
their total elwqrce (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: B =E,+E, + .. + E,
where
E. .. = total emf.

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

Example: If four batteries, each with an
e.m.f. of 1.5V (Fig. 16.8), are connected
in series, the total e.m.f. would be 6

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 directly
same two points, meanj age
(e.m.f.) does no . cz)wever, 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 .2
source contributes current independently Eag
while maintaining the same voltage across
each of them. This results in the total em.f.
remaining equal to the em.f. of one of the : :
individual sources, but the total current  Fig. 16.9: Four 1.5V batteries
becomes the sum of the individual currents g

provided by each source. ©
Formula: Foridentical source@%sf{ﬁ%mI

Erain leaser

7ée identical 5 V cells are connected in

E..=E =E = % parallel. What is the total e.m.f. of the
2 combination? : .
where : ~

E.. is the total emf. 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 1.5 V, 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 a

conductor and the current flowg O<&@
through it. The currentinac “

increased by increasi tl% Bl g i a. a v
difference across/\ - %ccording to Fig.16.10: {a) Ohm’s law circuit . .

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

R is constant

c©

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 S
unit of resistance isohm (Q)and 1 Q=V A-".

. v <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»! @K@ .
When resistors are connected in sucha

that there is only one path %@%@@S e
flow, then it is calle %%m ation of [,
resistors. : le, consider three
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, Vz = IR; and Vs = IR; @(@@m
or  IR,=IR;+IR:+IR, O @@@W

IR,= I(R1+R:2+R3)D %&“

R, = R,ﬁwﬂf@@

)
Thus, equi Istance is equal to the sum of individual resistances.

———




ParalléeFCom

When there are multi :
flow in a circuit (@5 ted 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

1+

Fig.16.12: Resis§ors 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 equnv

resistance is called equivalent resrstance Th@
sum of currents flowing throu

I=1,+1,+I, “
Applying Ohm' SW
- LR, V=I =IR;

or

2
Il

or

W|I| be the
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16.5 Electrical Resistivity

The opposition to the flow of electric
current is called resistance. _

This resistance is directly proportional to the
length of the conductor and inversely
proportional to its area. If A is the area ar d
R is the resistance of a co Y‘

(Fig. 16.13), then math :

write it as: Electrical | -
: Material |resistivity

WW (10* o m)|

W@f a material
able’16.1: Electrical resistivity

of different materials

Silver 1.7

A ' Copper 1.69

R=P—L— .......(16.8) Aluminium | 2.75

A Tungsten 5.25

2 iF g - Platinum 10.6

Here, p is a constant called electrical Noe 9.8
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.

@B conductor
- Semiconductor

conductor can change wi % @B insulator

most conductors

electrical °increases with §

temperature ‘because atomic vibrations & |——

resist electron flow.

For example, in a filament lamp, when the Vet ==

Fig.16.14: Temperature effect on materials




temperature of the filament
occurs because the fila
causes the flow ' 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 accordmgly The effect of tempera ’n@@«@te of

x 10 Qmyx (15m / /3% 1o~~s m.,_)f-_ n
‘ 1@‘“) x (5 x mﬂ)

divides a voltage into ‘\ g4 OH
It consists of t e resistors 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

Fig.16.15: Potential divider circuit

circuit.




Consider two resistors
in series. The voltage a

%6
Srent i
where V. = voltage across R,
and V, = voltage acrossR,

The total voltage (V,,,) is the sum of V,and &

\/total = v1+v2
# v,
V.= IR = é‘:" xR
R,
+R

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

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

(16.10)
The voltage across each resistor can also be calculated using the formulae:

Black

Fig.16.16: 100-ohm resistor coiour codes

value written on it. In this 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 first and second bands indicate
1" and 2™ digit, the 3 and 4" bands show
multiplier and tolerance. For example,
resistor has four bands Red, Violet, Y

and Gold. First two digi u
band is a multip!!'ﬁp " shows

tolerance he flnal 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 2 102 -
Orange 3 10® -
Yellow e mg\x -
Gmee \N[Go\powt | -
Blke\ \\ 1)/ 6 10 .
Violet 7 10’ -
Grey 8 108 -
White 9 10° =
Gold 10 * 05%
Sliver 10" * 10%
Colourless * 20%
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Negative Temperatureloefficient (NYC) Thermi
et (Na%) i

: ‘\‘ RS B st Isnb oL .
A Negative TWG \fdiknt thermistor (NTC) and its circuit diagram Is
1

shown in Fig. Tt is 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 Circult symbol

of the NTC thermistor decreases. This makes it

useful for applications where changes in

temperature need to be detected. NT @
thermistors are cowg&nlg@@ :

temperature-sensing_¢i ose found in electronic devices (e.g.

7: NTC thermistor

Q . . . . . .
thermomete re 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.Itis 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, as@mesistance

decreases. This occurs because the _ 4
' ;““s it
QP==
(3

photoconductive material_inside . A
0,  Photoconductive

=3 material over

top surface

Q T
m S contacts
move more Ceramic

absorbs light ener

electrons, |

freely and thus reduces the resistance. ' SN
Action and Use *——— Wire terminals

As light intensity increases, the resistance Fig. 16.18: Light dependent

. resistor
of the LDR decreases, allowing more

i m



current to pass through. LD :
changes in Ilght nntensuty a

level detection i

Applications -
1. Street lighting that automatically turns ON when it gets dark.
2. Brightness sensors in cameras that adjust exposure based on amblent 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 fo%)m plays
a key role in lighting, from the bulbs in our D(stree %@ flashlights,
making it possible to see and % Al portant use is battery
charging, as electricity po ‘%@ ers for our phones, laptops, electric
vehicles, and dewces 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.

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

consumed in a circuit.

It measures how quickly work is done or energy is used. The SI unl@ ver is
watt(W). | P =W/ ®W@
Electric power P is commonlywyi ém”entland voltage V.

............. (16.13)

ol Wf@&

So 3 e IZR
or PV R st (16.14)
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Heat producedW tand the resistance of the conductor can be
described by Jo aw. 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

| G HE el oenend26LD)

This s 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 heatis -
produced. For example, a 100 W electric | :
bulb produces heat at a rate of 100 joules
per second. The total heat energy d
on how long the electricb

Tidbit

Forinstance, i
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 kllowatt in one hour is
called kilowatt-hour.

One kilowatt-hour (1 kWh)= 1,000 W x1 ho @ @@
e
o

The enerwa btained by the formula:
The amount Ofidlectrical energy in kilowatt-hour  PoWer in watts x time of use in hours

1,000

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




electricity bills. If the cost cef n

calculate the amount of elec
Cost of eIectncWﬁ

_ Power’in watts x time of use in hours

J a]1|B: e formula:
units consumed x Cost of one unit

x Cost of one unit

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

ke

- Number of units consumed

Wmnm cost 6f‘é}e&ﬁ&1¢ =7 |
= Power x T‘me X gf’? |

Brain leaser

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

Household circuits safely dlstrlbute electricity through dlfferqnt pathways in a
home. Safety measures protect against
electrical hazards.

Household Circuits

In a parallel circuit, every appli r@ﬁ%@
refrigerator, bulbs, or TV % i
connection toiﬁﬁﬁﬁﬁ\éﬁ

parallel circuits, each appliance works

independently. We can turn OFF the lights
in the kitchen without shutting down the

Main fuse Main switch
Electricity

@: of various
apphances in paraliel

ply In the Neu?ral wire

“q
|

Earth
connicﬁon Earth wire

. Fig. 16.19: Hmi;lsehold circuit

L8|



TV in the living room. The \Qﬁ@ -

appliance bremw E st of our home's power stays ON. In short,
connecting ou s'electrical system in parallel is like giving every appliance its
own superpowei consistent voltage, independent operation, and reliable

performance. It |s the smartest way to keep our home running smoothly and
efficiently. Figure. 16.19 demonstrates a household circuit.

Hazards of Electt icity 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 protectlve covering on wires

wears out or gets cut, and exposing live wires. This can cause %ﬁr@@ or short

circuits. |
when wires carry more

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 e

low-ohm reistors )
=
&8s

Fuses and trip switches (circuit breakers) are
essential safety devices to avoid these
hazards. Fuses contain a thin wire that
melts due to flow of high current. As a
result, breaking of the circuit stops the flow
of electricity. Different types of fuses are
shown in Fig. 16.20. Trip switches, on the
other hand, automatically cut OFF power
when they detect a fault, nke an ov Ioad
short circuit (Fig. 16. 21

connected to the cnrcuut,
ensuring th ire curcwt is switched
OFF safely in case of a problem. One of the
most critical safety featuresina circuit is the

£ s
Migh-current fuse High-current fuse

Fig. 16.20: Different tymwses

earth wire. If a fault occurs such as a live wire Fin. + 21: A trip switch
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@ Brain Teaser

Why can a tiny device like a smartphone
ound. This  charger trip the main switch if something

touching a metal casing, the eart
provides a low-resistanc
current to flow safely i

prevents the ca om becoming live and  8°°"ne?

triggers the fuse or trip switch to cut OFF , 4/ Neutral

the power. This is why the outer casing ofan

electrical appliance must be either non- ' Earth

conducting (double-insulated) or earthed. o
Double-insulated appliances, like many Live

power tools, have casings made of plastic, ;
Fig. 16.;2: Main circuit wires

which cannot conduct electricity.

Appliances with metal casings, like washing w

machines, are connected to the earth wire for  Imagine your ho s @@mr&
£ ' What co fo ive wire

sarety. O @ dy of an appliance?

A typical main circuit consists of :

wires: ' Om

The live wire (line wir g% ies

v N
the current frOm@EMupply; the —o~o0— —f— ——@—
J LDR

: : 3 Open Switch Thermistor
neutral wire, which completes the

3 - § : —— O f— [T
circult; and the earth wire, which Closed Switch  Cell _-{Battery,
provides a safety path for fauit currents —_— -@- ‘
(Fig. 16.22). Despite these safety e - .

=l

measures, electric shocks can still occur,

: Diode Ground Ammeter
and they can be extremely dangerous. A
When electricity passes through the —— Buzzer Inductor
human body, it can cause burns at the _ Fig. 16.23: Symbols of various

entry and exit points. More seriously, it electrical components m
can disrupt the body's electrical signals, @O@(@
leading to cardiorespiratory failure @@@W

(where the heart and lungs st i es. This is why proper safety
mechanisms like fuses, circuit earthing are so important which help
to prevent accid fotect lives. The symbols of various electrical
nin Fig. 16.23.




16.1

: 16.2

16.3

164

16.5

16.6

16.1
16.2

164
3 16.5

16.6

163

O B e e i G G, € s .

a6 B Ve ‘ '

_R‘\lf B

A. Multiple Choice Qllt‘SlID'lb
\J

The dlrectlon of conventional current is:

(a) from negative to positive terminal

(b) from positive to negative terminal

(€) in both directions at the same time

(d) it does not have a fixed direction

What type of electric current flows in one direction only?

(a) Alternating current (b) Direct current

(¢) Induced current (d) None of these

The device used to measure electric current:

(a) voltmeter (b) ammeter (c) ohmmeter (d) wattm “
uit?

What is the function of an electromotive force e r &
(a) To reduce resistance in the circgjt
(b) To provide energy-to dri erUIt

(c) To store electrlc

(d) To conv ergy into mechamcal energy
The refat ip between voltage, current, and resistance is:
@V=IR b)V=I/R (©V=I?R d)V=R/I

What happens to the resistance of a mcwai conductor when its temperature
increases? A

(a) It decreases (b) It remains constant

(¢) It increases (d) It becomes zero

B. Short Answer Questions

How does an ammeter measure electric current?
What is the main difference between direct current and a!ternatlng current?
Define electromotive force (e.m.f).

State Ohm's law and define resistivity. @@
What is the formula for caIcuIatln @%@@ resistors
connected inseries ? a % @

a conductor?

ke Constructed P(—* sp()‘\“t: Questlohs

Why is |t lmportant 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

16.4

16.5

If a copper wire 0*

repla :
dimensions, how ‘ current and power consumption change in
thesa in using the concept of resistivity.

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.Cisused in batteries and portable electronic devices.

D. Comprehensive Questions
16.1

16.2

163

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 erg;wc °role of emf. in

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

the flow of ¢ ; iedi i i
« . O
circuit
Differentiate between 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?

16.2

16.3

164

16.5

E, Numerical Problems

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

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

Find the total resistance and the current flowmg thro he C@m
33A]

- Two resistors of 10 Q and 30 across a 20V power
supply. Calculate th@ the current drawn from the power
supply [Ans: 7.5Q, 2.67 A]

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: 175W, 105 kJ]




flow as long as the chemical reaction is\active 'M“ 35 ! upply of energy.
In short, the chemical action hattery-creates a potential difference that

allows the cu rrw
Electric poten 1) is the amount of electric potential energy (W) per unit

charge (Q) at a specific point in an electric field.

w

i.e; V= 5 (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 e}l " o——
of electric potential is volt (V). One volt is Bulb
equals to one joule per coulomb (V=) ) ____P,__@__e__,
Potential difference is also called voltage Highf|<___—> '@er
which is the energy used by a component in potenti @ﬁ?& tial
the circuit. Voltage can also be ref @@

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

emf. which is the energ%;
source like a battery.
and em.f.are ed in volts.

Voltmeter

Voltage can be measured using a device '

called voltmeter. Voltmeter can also be of J’ p—
analog and digital types. Both types are { ED

available with different ranges, allowing N o

them to measure voltages of varying _ St na Si ki voici

magnitudes. Analog voltmeters use a  cemywhichioresauntposthe PN e
7 charge to move from the pasitive to the between tw points s equal to the work

needle and a scale to display the voltage, done per unit of charge against a satic

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),

Analog voltmeter Digital voltmeter

Fig. 16.7: Types of voltmeters




while a high-range voltmeter could
Choosing the right ranﬁk ant,
vdltage could da he \device, while using a high-range voltmeter for a small
voltage, mid@mwe accurate readings. Analog and digital voltmeters are
shownin Fig. 16.7. : ‘ s h St R A (W) 8 |

Example 16.1: A battery does 120 J of work to move a charge of 20 C thrc ugh a

circuit What i the potential difference across the circuit?

Usingtheformula; V=w/qQ
Substituting the values; V=120J/20C=6V

R e e

. “.aj‘r :
Total E.M.F. of Series Connected Sources

b ek W
ries) are connected in series (Fig. 16.8),

When multiple voltage so
their total eleﬁ@w ofce (e.m.f.) is simply the sum of their individual e.m.f,
This is becausg voltage sources add energy to the charges one after the
other. ”
Formula: B =E;+E, + .. + E,
where

E.. = total emf

E, E, .., E, = em.f. of the individual sources

. e * - a : -7
Example: If four batteries, each with an o] e o) e
em.f.of 1.5V (Fig. 16.8), are connected : 7 i a(l“ 5 5\-,
in series, the total e.m.f. would be6 V. ' \@F  16.8: S(;:ries .

combination of batteries

1\

E.M.F. of Identical Saurces Connected In Parallel
UM RN

W'hen multipl ntical 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 dire g@ hels
same two points he” voltage ©
(e.m.f) does ndtcHange. 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 emdf.
remaining equal to the emJf. of one of the

individual sources, but the total current Fig. 16.9: FO“rl-SVbﬁ '
ta\l: |7

becomes the sum of the individual current
provided by each source.

Formula: Foridentical sou r@@g Three identical 5 Vice_lls are connected'in’:
E ot = o= E parallel. What is the total e.m.f. of the

: combination?. : S
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 asitis fora single battery.

16.3 Ohm'sLaw

In 1826, George Simon Ohm made an

R Y ls

investigation of the relationship between :@’Wﬁ"

. -t ©
electric potential difference across 2 @ o
conductor and the currept flowj { @ -t
through it. The current in a /
increased byw otential @ 71 (b) v

its 'en

difference acr ds. According to Fig.16.10: (a) Ohm’s law circuit
Ohm'slaw; (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.




Mathematically;

T4

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

. v <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 Combinationof Resistors ] @0@(@ -
When resistors are connected in s Q AWy
! ‘

that there is only one pa
Ination of

flow, then it is cal & I|!L
resistors. F ple, consider three _qv

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+V,+V;

Applying Ohm's law: |
Vi = IRy, Vs = IR; and Vs = IR, @W@O@@Dm
or IR.= IR;+IR>+IR, %@@

IR,= I(Ry+R,+R>) O%
R, = Wﬂ ..... 6.6)
Thus, equivalentresistance is equal to the sum of individual resistances.




ParallélCombinat
When there are multj

flow in a circuit nn the diagram), _

the combination of resistances is referred to T R, R,
as parallel combination. The electric potential v — : * !
across each resistance is the same and equal l l ’l
to the applied potential. Each resistor has a

steady current flowing through it. Consider
three resistors R, R, and R, connected in Fig.16.12: Resisgors in paraliel
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
is such that when it is connected to the same battery ofV volts italsodra
| from the battery. This resistor is therefore calle ra
resistance is called equivalent resnstan T@e ota
sum of currents flowing thro

I=1,+1,+1,
Applying Ohm's |

V=R, V=IR, V=/3R3

urrent
m d its

ircuit will be the

|4
or L=<+, =
Z R1 2
or _\_/_=1+1
R R &
or Yovid
R Vigt
1.1 1
R. R R,

Thus the recnprocal of equivalent resistance is equal to the sum of recnmals of

_—? and I-—-‘?




16.5 Electrical Resistivity

The opposition to the flow of electric
current is called resistance.

This resistance is directly proportional to the
length of the conductor and mversely
proportional to its area. If A is the area @p

R is the resistance of_ a c
(Fig. 16.13), then math @iﬂ
write it as:

L
RPT

P 16.8
RpA (16.8)

Here, p is a constant called electrical
resistivity of a material which quantifies
how strongly a material resists to electric
current. Materials with high resistivity are

%vny of a material

“
@ Tabie 16.1: Electrical resistivity

of different materials

Electrical
Material |resistivity
{10 QOm)
Silver 1.7
Copper 1.69

Aluminium | 2.75
Tungsten 5.25
Platinum 10.6

iron 9.8
Nuchrome 100
Graphite 3500

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 can change with terhpengture Ir
most conductors I’(\) metals, the
electrical @ﬁm increases with
temperature because atomic vibrations

resist electron flow.
For example, in a filament lamp, when the

- Conductor
- Semiconductor
@ insutstor

Resistance =——g»

Temperature ™9
Fig.16.14: Temperature effect on materials
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~ temperature of the filamen' c‘\ ;its resistance also increases. This
occurs because the fila t h“" of metal, and metals have free electrons that
causes the flowwm‘] 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 tempera o@@ ce of
different materials is graphically shown in Fi 3

e 16.3: An aluminiupoyi

e

)W afI5'm, a Cross-sectional area of
m. Calculate itsresistance.

82x10°Qm)x (15m/3x10%m?3)
82 x107) x (5 x 109 il
TR EER T

a ]

c‘_*_,_:!

RZ

divides a voltage into s ! b
It consists of € resistors connected in V-7

s

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.

Fig.16.15: Potential divider circuit




Consider two resistors
inseries. The voltage ac

358 dlpeadlyr a0 (16.9)
. £
where V., = voltage across R,
and V, = voltage across R,
The total voltage (V,,,) is the sum of V,and V;:
Visr=W ey o (16.10)
The voltage across each resistor can also be calculated using the formulae:
V,
Vi = 4R; = ,;:a‘ X R,
R ;
Ml et vl (16.11)
@ total R1+R2 .
A R, colll
Similarly Vo= Vo X o

The resistow IS a system of
coloured bands printed on resistors to - Gold

indicate their resistance value and tolerance e
(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 |[Eee L C

Fig.16.16: 100-ohm resistor colour codes

multimeter. Each colour represents a | B8R . 1°:
specific digit and multiplier. In a four band :::w" : i:z
resistor, the first and second bands indicate s - = =

- 1"and 2" digit, the 3” and 4" bands show [7— | -
multiplier and tolerance. For example, a G'M\\F/Q/OAOWV -
resistor has four bands Red, Viol Bide\\ \ ] 6 106 -
and Gold. First two digits " Violet 7 107 :
band is a multipli (O Id shows | Grey 8 10° -
tolerance .“The final value of [ White 9 10°
resistance is 270,000 Q or 270 kQ. The |SoH ? 107 |+ 05%
standard resistor colour codes are given in [ 22" 3 0ok by
Table 16.2. PR it v bt 4hi 200




A Negative Te Qoeff ‘

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 detected N @
thermistors are copmmon %‘@
temperature-sensin %@i& hose found in electronic devices (e.g.,
thermometﬁ@mqure monitoring c1rcu1ts and temperature compensation in
circuits).

Appilications

1. Temperature sensors in electronic devices.

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

Circuit symbol

.17: NTC thermistor

based on temperature changes.

Light-Dependent Resistqq;rg__p’gs) E

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, amresstance
decreases. This occurs because the : __f‘
photoconductive material inside ORI
absorbs light energO
electrons, allowi

en tup surface

: ’ Photoconductive
3 material over
top surface

weld
| S contacts

move more  Cesmi

freely and thus reduces the resistance. S LR circuit symbol
I ® I w ' mina
As light intensity increases, the resistance Fig. 16.18: Light dependent

: resistor
of the LDR decreases, allowing more



current to pass through. LD
changes in light intensity
lighting systerWs
level detection¥§\reeded.
Applications

1. Street lighting that automatically turns ON when it getsdark. _
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 @J[&) plays
- a key role in lighting, from the bulbs in our h %5@ nd flashlights,
making it possible to see and work eve erimportant use is battery
charging, as electricity po mers for our phones, laptops, electric
vehicles, and Wb evices. Additionally, electricity is essential for
. powering motbors, 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.

—Iney are commonly used in automatic
sors 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. : T

It measures how quickly work is done or energy is used. The SI unit W@g«er is

watt (W), P =W/ @W@O@
Qs \1\
gjxrrent /and voltage V.

1W =

Electric power Pis com monlwy&t
............. (16.13)
: GO v

So P=¥R ,

or P-a¥B R cvisunn (16.14)




Q

Heat produced by an el % e reSIstance of the conductor can be
described by J JA¢écording 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
ehamenn e T g T S (16.15)

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

Joule's Law ‘ Q

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

For instance, iw |
produced is:

H=th=100Wx105=1,0_00J

ulb runs for 10 seconds, the total heat energy

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 kllowatt in one hour is
called kilowatt-hour. ‘

=1,00 W@

One kilowatt-hour (1 kWh)= 1,000 W x1 hour .............. W @ m

ained bythe formula:

Q
The energy in kilowatt-h %
The amount Mﬂergy in kilowatt-hour = Power in wats 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 costO
calculate the amount of el

units consumed x Cost of one unit

n watts x time of use in hours ;
> x Cost of one unit
1,000

When designing circuits, it is important to w
choose components with suntable. power . o SPMBAGES are rathd 100 O 1o
ratings. Selecting components with the 1,000 W, both used for 1 hour. Do they

g ; ? ?
rlght power ratings ensures safety, consume equal energy or different? Why?
rehablllty and efﬁaency

VT

“alculate the one-month cost ¢ usmg
; »in your roc ’ﬁhat the.Pﬂ

,_ A ) "130 : :

: \\N onth cost of eiectncnty iy
NU mber of umts ggnsumed_ = Power x"Tlmé

Totalcost = Uni ;

Household circuits safely dlstnbute electricity through dlffere!nt pathways in a
home. Safety measures protect against

Main fuse ﬂam switch
electrical hazards.

F@ bf various

appliances in parallei

Household Circuits

In a parallel circuit, every appliance Ilkm

refrigerator, bulbs, orTVget%%g < —’ * ﬂ q
connection to th Y. In the Neuiatwi.re — ! | { f
parallel circuit appliance works Earth | '
independently. We can turn OFF the lights “""im > 8 Earth wire

in the kitchen without shutting down the

Fig. 16.19: Household circuit

[/}



TV in the living room. Théparalle ts 2

appliance brea}Wb s, the rest of our home's power stays ON. In short,
connecting ourhemnie’s electrical system in parallel is like giving every appliance its
own superpowefr 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.

Hazardsof Electritity 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 protecttve covering.Qn wires

wears out or gets cut, and exposmg live wnres Th|s ca rshort
circuits. |

3. Another dangér is overligatj
current than they are desj ‘
fire. ‘ 5
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. | Surfece-mount
Fuses and trip switches (circuit breakers) are 1 it
essential safety devices to avoid these --
hazards. Fuses contain a thin wire that “"""‘6” §
melts due to flow of high current. As a c. f m
rir se

result, breaking of the circuit stops the flow -3
| \‘u
of electricity. Different types of fuses are g n. f!‘ m T
High-current fus -currem Se

shown in Fig. 16.20. Trip switches, on the g. 16.20: Diff
’;@@

other hand, automatically cut OFF power

when they detect a fault, like an oved%@@@ \ m‘ :
short circuit (Fig. 16 21). el
connected to the e circuit,
ensuring that ire CIrcmt is switched
OFF safely in case of a problem. One of the
most critical safety features in a circuit is the 1
earth wire. If a fault occurs such as a live wire Fim. %2 21; A trip switch

fuse




touching a metal casmg,)
provides a low-resi path or the Why can a tiny device like a smartphone

currgnt to fio o) the ground This  charger trip the main switch if something
) goeswrong?

prevents the casing from becoming live and -

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-
conducting (double-insulated) or earthed.
Double-insulated appliances, like many
power tools, have casings made of plastic,
which cannot conduct electricity. -

Appliances with metal casings, like washing % e
machines, are connected to the earth wire for _Imagine ﬁ@‘? wire.
d\‘ a

Earth

Live

Fig. 16.22: Main circuit wires

f the live wire
satety. ibodyofan appliance?
A typical main circuit co
wires:

ich carries

The live wire W
the current from the power supply; the ——O~ 60— —— =
Open Switch Thermistor LDR
neutral wire, which completes the - % R | s
circuit; and the earth wire, which  ciosed switch el Battery
provides a safety path for fault currents . -@- (V)=
(Fig. 16.22). Despite these safety e g "w
measures, electric shocks can still occur, N %m’ ‘A%:/mr

and they can be extremely dangerous. MM et :{m
Inductor

When electricity passes through the — Resister Buzzer

human body, it can cause burns at the Fig. 16.23: Symbo,s i

entry and exit points. More seriously, it electrica @

can disrupt the body's electrical signals, @

leading to cardloreSplrat fail @@

(where the heart and lungs& r seizures. This is why proper safety
mechanisms like f; €akers, and earthing are so important which heip
to prevent ac ts and protect lives. The symbols of various electrical

components are shown in Fig. 16.23.
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A. Multiple Choice Questions
MATE:

Tick (v) the ‘."\-l
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
(¢) 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  Whatis the function of an electromotive force (e,m.f) @@‘ Ae?
(a) To reduce resistance in the circuit W °

(b) To provide energ)bdriv % € circuit

(c) To store electrical ‘ ‘\g‘\‘ for\fate

alefiergy into mechanical energy

(d) To conv c
16.5 The relatipyship between voltage, current, and resistance is:
' @V=IR b)vV=I/R Q¥=LR (d)V=R/I
16.6  What happens to the resistance of a mciai conductor when its temperature
increases? \
(@) It decreases (b) It remains constant
(¢) Itincreases (d) It becomes zero

B. Short Answer Questions

16.1 How does an ammeter measure electric current?

16.2  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. ’
16.5  What is the formula for calculating the, equivatent s-Of resistors

connected in series 7 O
166 How does temperatureaffec %@i%
2N QLT

C. Constructed Response'Questions
\INB A

a conductor?

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? : :
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D. Comprehensive Questions

E, Numerical Problems

If a copper wire is replaced with an aluminum wire of the same
dimensions, how would the current and power consumptlonﬁ_\bﬁnge in

the same circuit? Explain using the concept of res @%
In a household I|ght|ng circui wr@t oif: s ight arise if the

bulbs were connectedHn serieg ingted : -
_ You are tasked with fuse for a dev:ce that operates at 230 V
and 5A.W 9 you choose for the fuse and why? What could

gowro rating is too low or too high?
Explain why A.C is more suitable for power transmission across cities, even
though D.C is 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 (em.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 practi “ﬁectncal
circuits?

Differentiate betweei series and paral ors Provide
mathematical expressaons for sistance in both types
of circuits.

What is mean a material? How does it depend on the
materi r‘E) 2 does temperature play in changing the resistivity of
conducters and semiconductors?

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: 18Q, 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: 7.50.2.67 A]
Four 1.5 V batteries are connected in series i h@ ne the

total electromotiveforce (em s "e‘m m\j [Ans: 6V]

A circuit has a 5 A(g reS|stor Calculate the




