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mém Y Electricity 7

After studying this chapter, students will be able to:
define and calculate electric current, usmg the equation; [ = /

explain electrical conduction 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-1).

differentiate between direct current D.C and alternating current A.C.

differentiate between conventional and electronic current. _

justify and illustrate the use of ammeters (analogue and digital) with different
ranges.

define eam.f. as the electrical work done by a source in moving a unit charge around
a complete circuit, using the equation; E = W/Q. SN O\

define pbtential difference (p.d.) as the work done : lﬁy a\ﬁ’lf fchﬁfg: passmg through
a component, using the equation; V =\V G\Lh

state that e.m.f. and p.d. mﬂ\eﬁqmg.gt its‘and that one volt is equal to one joule
per coulomb (JC-1). .-

illustrate the use pfl volts :tcrs (malngue and digital) with different ranges.

calculate the total ¢.m.f when multiple sources are arranged in series.

state that the e.m.f of identical sources connected in parallel is equal to the e.m.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.

define and apply Ohm's law using the equation; R = V/I.

describe the effect of temperature increase on the resistance of a resistor, such as in
a filament lamp.

draw circuit diagrams using components such as cells, batteries, power supplies,
generators, switches, resistors, thermistors (NTC, light-dcpcndent resistors (LDRs),
lamps, motors, ammeters, voltmeters, u-ansfurmers, fuses, r:iays, d|od:s, and LEDs.
calculate the combined resistance of resistors in series. (1) CON
calculate the combined resistance of resistars In, ﬁmlll:l

calculate current, voltage, and resistance in parts. bincirtmt i whiole sionk
describe the action of negative mpmm::crcﬂicmnt (NTC) thermistors and light-
dependent resistors (LDRs) and '‘their use as Input sensors.

analyze the funm&‘ f variable potential dividers in circuits, using the equation;

R/ _V,
R,= )V, .

justify and illustrate the use of colour codes for resistors.

use the equation; power = current x voltage (P = V) to solve simple problems.

use the equation energy = current x voltage x (multiply) time (E = IVt) to solve
simple problems.




define the kilowatt-hour (kWh). O

explain the need to choose components with suitable powe fatings.

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

explain the use and operation, of thip.'switches and fuses and choose appropriate

fuse ratings and trip switch settings.

explain what haﬁiﬁ@ﬁé"ﬁhcn a live wire touches a metal case that is earthed.

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

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

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

circuit to be switched OFF safely. '

e  explain why domestic supplies are connected in parallel.

AN

/ Long Questions prepared in the light of new Exomingtion Techmgues
(Knowledge, Understanding, Application, Analytical & Conceptual)
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X . Introduction

0.1: What do you know about electricity? |
Ans. Electricity is a branch of physics which deals with the flow of charges. The
movement of charges results in the flow of electric current which plays an important role

in our daily lives. The electricity illuminates our homes, fuels our industries, and
connects us across vast distances.

16.1
0.2: What is electric current? How electric current is different from conventional

current?
Ans. Electric current: Amount of charge passing through any cross section of a conductor
per unit time is called electric current. s RO

Explanation: In an atom, the electrons andj, o0 '.,,ﬂ;,;.:;.,‘: " Free eloctrons
positively charged nucleus are held together by || L\ | - o oo 3

strong force. However, some ei‘gtgmwain = rd

move freely as these are not/tightly bonded with -©+0+0+0+0

the nucleus. Thesé électrons move randomly Q-O+0-0
within a metallic conductor. However, when an :
external electric field is applied, these electrons

move in a specific direction (Fig. 16.1). This flow = ks

of charges is called an electric current. The *|i*

electric current can be caused due to movement of Fig 6.1 Flow d"""" g ol
both positive and negative charges.

—— e



Formula: If Q charge flows in time t, then current | can bc mpmtdia*
1—9;, wpi:umlj?-"'"

Il.—“'

Unit: The SI unit of r.lf:cmc Ehrxbﬁtl‘ls amﬁere (A)
Ampere: One am u.is Jﬁsﬂn:d as the flow of one coulomb of electric charge per
second, which can be written as; 1 A = 1 C s-I.

Conventional Current: |

Before the discovery of electrons, the electric current was considered to be due to
flow of positive charges, named as Conventional Current. These charges move from
positive terminal to the negative terminal of the power source. Later, after the discovery
of electrons, the electric current was described due to the movement of electrons which
was named as electronic current. The movement of electrons in one direction corresponds
to the movement of positive charges in opposite direction. Despite this difference, both
concepis are used mpmﬁmmlhummmmmnmhmngﬁmsmndardm circuit

analysis. m l Cl‘D ]KE\},"I.}
3. W
Q3. Write mmm%\ g-@@ﬂ

Ans. Tmanlﬂmcnm_g

1. Dircct Current (I :\N\.B\N“ Direet Curremt
2. Akema g Clivient (AC) o B
1. DirectC IJ!C) war TECaE 4 >
(i) Direct Current (DC) is an electrical current | -1 :
where the electric charge flows in one | ®
direction only (Fig. 16.2-a). Anamaeg Carvunt
2 i - (<) -
(i) In a D.C circuit, the voltage remains constant 1 <> /\
over time, and the strength of the current does \/:
not change.
(iii) The current provided by a battery is an (b) 7 —>
example of direct current. Fig. 16.2: Types of current (a) D.C (b) A.C

2. Alternating Current (AC) S

(i) Alternating Current (AC) is a t}rpe ufmgrentﬂm{ odmally reverses its direction
(Fig. 16.2-b), U
(i) Most power slauans m éqi:‘munw pﬁﬁuu a]tcrnatmg current.

(iii) A.C changes directins 1750 second, and its frequency is 50 hertz (Hz).

(iv) One advanméé of A C over D.C is that it can be transmitted over long distances

with low energy loss.

0.4: How Ammeter is helpfull measuring the electric current? Also write its types.
Ans. 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. -




Types of Ammeters: |

There are two main types of ammeters: ) ¢
i,  analogue ammeters ii. digital mnq:argl x \!
Both types are available in diffgr&iiﬂ{ﬁ;ﬁ’qh;__ﬂ,r&l’iges‘ to
measure both small and lacgé itfrents. In Fig. 16.3, we

can see the digital amnlﬁ‘ﬂéi-'tlé:ﬂ) and analog ammeter| Fig.16.3: Comparison of digital and
(right) side by side, illustrating the difference in display analogue ammeters

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 significantly.

i. Analogue Ammeter:

An analogue ammeter uses a needle and scale to indicate the current. The current
flowing through the circuit generales a magnetic field that moves the needls on the scale.
The scale usually has multiple ranges. and the correct range must be selected depending
on the expected current. Analogue ammeters typically have multiple selectable ranges.
such as 0-100mA, 0-10A, etc. The correct range must be selected to avoid damage 1o the

device and to ensure accurate readings. &\ (el G

.-..-"_‘.-'.'_\ i 1I, _'-._:__, ®

Use: Ideal for visual indication of curren ﬂgﬂ}ﬁ,ﬁk{é@f&hﬁﬁ&j’fiﬁtaﬁtﬁ, and often used in
educational settings due to its sirﬁﬂ&@{ﬁﬁ,& BB i
i Digital Ammeter: < U

A digital ammw ﬁmﬂdhes a numerical reading of the current on a digital display.
[t offers more precision compared to an analog ammeter. Digital ammeters also come
with various ranges, and some automatically adjust the range depending on the detected
current. They are typically more accurate and easier to read than analog meters. Digital
ammeters are widely used in scientific, industrial, and electrical applications where
precise measurements are critical,
Range Selection: Ammeters arc equipped with multiple ranges 10 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, typically in laboratory experiments.

High-range ammeters (€.g. 0-10 A) are used to measure larger CUrFents, such as

. . . . . 5 =
those in power sysiems Or industrial circuits. ~  _ ~—f) T2\ (C i\8) W

16.2 Electromotive Force and Paotential Difference

0.5: How (EMF) ele: mnqumnbuand potential ditference (P.D) are interrelated?
Ans. Electmmmi@ﬂf rce (e.m.f.) and potential difference (p.d.) are two important
concepts, both measured in volts (V).

Volt: One volt is defined as one joule of energy per coulomb of charge (1 V=1 C").

Joule: 1 joule of energy is used to move 1 coulomb of charge, the voltage is 1 volt.

Electromotive Force (e.m.f):
Electromotive force is energy supplied by a battery to a unit positive charge when it




flows through the closed circuit.

Formula: MO
Mathematically; , s ‘xlt,“Ii'{ nﬂ )z
En . { I'NI Il'jlll' _I".I"._. L
e.m.f= Chfmuql_ Lt (16.2)
W
or E= ‘6" ......... (16.3)

"E'is the e.m.f, W is energy converted from non-electrical forms to electrical form
and Q is the charge. :
Measurement:

Emf of battery can be measured directly by connecting its terminal to a voltmeter as
shown in Fig.
Explanation: A source of electromotive force (e.m.f.) converts ai
non-electrical energy, like chemical, thermal, or mechanical{— [T
energy, into electrical energy. Examples of si iﬁﬁu@. ) 2 1
include batteries (which cﬁnavqu%hfﬁi@!}éﬁé‘r’gy]; }

)

thermocouples (which cun'ﬁﬁ%ﬁma}linerg}r), and
generators (which converfimechanical energy). When a
conductor is mnneémsz a battery, current flows due to the W
potential difference between the battery's terminals. The | g 16-5: Schematic diagram for
battery provides energy to move the positive terminal through Measiwiag ..t of the battery
the conductor to the negative terminal (Fig. 16.4). Once the charge reaches the negative
terminal (lower potential), the battery does work to push it back to the positive terminal
(higher potential). This cycle keeps the current flowing continuously. In short, the e.m.f.
supplies the energy needed to keep the charges in motion.
Potential Ditference:

The potential difference is the difference in the values of electric potential between
two points in the electric field. SRS
Electric Potential: Electric potential (V) is the amount “.—ﬁ plﬁq&@p‘bt\;nﬁa})éncrgy (W) per
unit charge (Q) at a specific point in an ci@ﬁflﬁk@:ﬂlﬂ VL

: W SRR A Battery
Formula: i.e; V=_’§:___F_nzymi ?}&J\é\&) H—o——
Unit: The unit of eledttic’ potential is volt (V). One Bulb

volt is equals to one joule per coulomb (V=] ™). P @ Q
Voltage: Potential difference is also called voltage "t l I"ﬁ
which is the energy used by a component in the | Higher Vi T okt
circuit. Voltage can also be referred to e.m.f. which is | P°®ntal V= potential  potential

difference
 the energy supplied by a source like a battery. Both
potential difference and e.m.f. are measured in volts. Fig 16.7: Types of voltmeters




Potential Ditference: 12\ O
A battery converts chemical energy into ;Iccmicﬂ n;nergy —l’nsnﬂe thc battcry,

chemical reaction causes a buildup-of ahcpoﬂ; a\dhe negative términal and a shortage of
electrons at the positive terminal, THQ creates a potential difference between
the terminals, which alow /¢lectrons to flow through a connected circuit, generating an
electric current. The battery continues to drive this flow as long as the chemical reaction
is active, providing a steady supply of energy. In short, the chemical action inside the
battery creates a potential difference that allows the current in the circuit.
Q.6: How potential difference is measured?

Ans. Voltmeter:

Voltage can be measured using a device called voltmeter.
Types: .

Voltmeter can also be of two types.

1. Analogue 2. Digital

Both types are available with different ranges, alluwmg them. to J}}Im voltages
of varying magnitudes. e T .{:_ J }p.-}_, e
Analogue Voltmeters: i D70\ "'5‘211@ W -

Analogue voltmeters use a ne _ @Mm seale to display the voltage, making them
useful for observing chungcﬂ trends over time.
Digital voltmeters: /"

Digital voltmeters, on the other hand, show the voltage as a numerical value on a
screen, offering greater precision and ease of reading.
Low range and high range volimeters:

A low-range voltmeter might measure millivolts (mV), while a high-range
voltmeter could measure hundreds or even f"“"“ﬁ“
thousands of volts. Choosing the right range is !'}':
important, using a low-range voltmeter for a high | | £ .
voltage could damage the device, while using a {
high-range voltmeter for a smail voltage, might| {-"-* -

not provide accurate readings. Analogue and | ansiogue vottmeter  Digital voitmener
digital voltmeters are shown in Fig. 16.7. _ o || wﬂﬂ‘-‘ﬂwm

L] "I'I

Q.7: How e.m.{ Is calculated in series connected &ﬁiﬂ ! s

Ans. Total e.m.. of Series Cannected Sources:

When multiple vd}tﬁdé sources (e.g., batteries) are connected in series (Fig. 16.8),
their total electromotive force (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:

Y

Eww =E1 +E2+... + B,
Eiow = total e.m.f

where




T W

E\, Ey, ..., E, = e.m.f of the individual | ~ T
sources 1Pl L TRCRD '
Example: If four bancriesﬁ';\ig‘%fﬁl:tﬁkh;f O—,] e t——{t—{e
e.m.fof 1.5 V (Fig. 16.8), are connected in 15V 15V 15v 18V
series, the total &Wﬁﬁlﬂd}b‘ 6V. Fig. 16.8: Series combination of batteries

Q.8: How e.m.1. of identical sources connected in parallel is calculated?
Ans. e.m.f of Identical Sources Connected In Parallel:

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
e.m.f. of a single source. This is because, in parallel connections. each battery is
connected directly across the same two points, meaning the voltage (e.m.f.) does not
change. However., the total current supplied by the sources will increase due to the
additional paths available for current to flow.
Explanation: In a paraliel connection. each source
contributes current independently while | .
maintaining the same voltage across cach 6F them\ | \b
This results in the total e.m.f re; mmg%wmh
the e.m.f. of one of the indi) |H@n§h}f &s, but the
total current becomes/the'sum of the individual
currents provided b;mh source.

Fig. 16.9: Four 1.5 V batteries connected in
Formela: For identical sources in parallel: parallef

Eww =E;=Ey=..=E,

where
Eroral is the total e.m.f. across the parallel sources.
Ei, 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.

iy ._I\}'_' ol

Q.9: State and explain Ohm's Law. A -2 W *.L;’ Ea

Ans. Ohm's Law: of 'ﬁ.;;;*?l‘{}ﬁ}.‘f*_-f‘_nf'ﬁ-ii'f" o

Stﬂfﬂﬂ'l&nti: Ir'.'_:.:;;;i _Ill-hlf'll"---"'l" A= 'W\ £is contstant
"The currenf-!ﬂgriﬁiﬁlg" through a conductor is !

directly proportional to the potential difference V|| ‘F

across its two ends of a conductor, provided the

physical state (dimension, temperature, etc.) of the j

conductor remains same." OREAL (b) v

Explanation: in 1826, George Simon Ohm made an Figure 16.10 (a) Ohm's law circuit

investigation of the relationship between electric (b) I-V graph ohmic conductor




potentlal dtffermce across a conductor and the current ﬂuwmg through- it ’\ft\:; current in
a conductor was increased by increasing the potemia[q:ﬁii;enca dctoss its ends.
Formula; Mathematically; i

l aC v -|| n; '.I"_\ \ -II III.I_II,II "1:", 'l,l\:_-:l_.l'.' -__,
a i RN :\l-i'_ n-_"..- . I'-,,"
= U (16.5)

where R is constant nf proportionality called resistance of a conductor.
Unit: The SI unit of resistance is ohm () and 1 Q =1V AL

Combination of Resistances

0.10: Determine the equivalent resistance of series combination.
Ans. Combination 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 pp@lh:l am:l the
equivalent resistance of the circuit depends upon 1;h¢:17 e-of ’cedilbjﬁﬁﬂgn“

Series Combination of Resistors;, w;‘f‘\' Q u_uwh_m_w—
When resistors are con m:q’ ed, {h”sﬁhﬁ -a-way I

that there is only one., ﬁhfqﬂ “current to flow,

then it is called waeséomhmatmn of resistors. I

Consider three resistors R, R, and R; connected in '1,_.

series as shown in Fig. 16. II ; g,u.u:nminm
Current in series combination:

When this combination is connected to a battery of V voits, it draws current I from
the battery. Let R, be a single resistor representing the total resistance of the circuit, also
called equivalent resistance.,

Voitage in series combination:

The total voltage in the circuit will be the sum of voltage across the three resistors.
ie; V=V, +Vy+V, =
Applying Ohm's Law to each resistor, we have 2 \ @ ww

V, =IR, V,=IR;and Vs= A
or IR, =IR+ 11122 + lza *“]\" -”"“p“"f%“ “\®\ -

R, =IR, +R, +R]. S

R, =R, +R; RN (16.6]

Thus, equivalent resistance is equal to the sum of individual resistances.
0.11: Determine the equivalent resistance of parallel combination.

Ans. Parallel Combination of Resistors:
When there are multiple paths for current flow in a circuit (as indicated in the
diagram), the combination of resistances is referred to as parallel combination.




Potential difference: The electric potential (12
across each resistance is the same and equallter] ([, /"
the applied potential. Each resistor-has/a steddy | -
current flowing through it, | |\ ||\
Considcn-qh._lf&&.'}ﬁiﬁurs R;, R; and R,
connected in paralle! (Fig. 16.12). Fig. 16.12: Resistors in parallel
Equivalent resistance: When these are connected to a battery of V volts, it draws a
current I from the battery. R, is a single resistor. This resistor is such that when it is
connected to the same battery of V volts, it also draws current I from the battery. This
resistor is therefore called equivalent resistor and its resistance is called equivalent
resistance.
Total current in parallel combination:
- The total current in the circuit will be the sum of currents flowing through the
resistors; AR
= I, + |z+13 o f'.;-'?:;"-.,L-!:'f:;"l:"
Applying Ohm's Law to each rﬂsistur,ﬁ.rg;lﬁgkyeﬁj Hx ARy i
vV =] iR, V =rbaxrr¥;ﬁ-{‘in_xl'ﬁ s

~ '.':Il'l i'. \\ W\

-

et

\4 i Wﬁlﬂ - Lv
= e [ e e,
or II ';‘-:]J@}-'_ﬂl_. , R] ' Ij R;
AT
or R‘ i Rl + R: i R]
N V[I 0d RN ]
or =V|T+—+—
R, EoRs R,
L2 R I W
R! = RI R! R; ........(I 6.7}
Thus, the reciprocal of equivalent resistance is equal to the sum of reciprocals of
i]‘ldi\l'idl.lﬂl mﬂiﬂﬂnﬂs. : ..."_J_ e _". 1",__ ".
Electrical Resistivity
. - ALE A TR A St :
0.12: Define resistance. Also explain slectrical resistivity.

Ans. Resistance: RN Al

The opposition to the flow of electric current is called resistance.
Mathematical expression: The resistance is directly
proportional to the length of the conductor and inversely
proportional to its area. If A is the area and R is the
resistance of a conductor (Fig. 16.13), then
mathematically we can write it as:

Fig. 16.13: Resistivity of a material




Table 161

I o 0 [ o\ | Electrical resistivity
RxLorRe o A0 U (104 Q m)
L %\ (s l\? S Silver 1.7
Rl A
A N i ;?“L Copper 1.69
g ey Aluminium 2.75
R= P I ......... (16.8} Tungm 5.25
Electrical Resistivity: "Resistance of a cubic metre of | Platinum 10.6
a material is called resistivity." Iron 9.8
Here, p is a constant called electrical resistivity of a N 100
material which quantifies how strongly a material "'d““_ meidl
resist to electric current. Graphite 3500
Formula:
_RA
b o
Unit: SI unit of resistivity is the ohm-metre (Qm). - -~ ~'.“-,J'|'“ ALC A

\

j'flt}gcmalty whllc those with

Note: Materials with heigh resishwty are W’Dr : ,
low resistivity are good con M A

AT

0.13: Explain the effect of femperature-on resistance of a conductor?
Ans. Effect of Tampmiﬂrrﬁ on Resistance of a Conductor:

The resistance and the resistivity of a @B Conductor
conductor can change with temperature. In
most conductors such as metals, the electrical T
resistance increases with temperature because i

atomic vibrations resist electron flow.
Example: For example, in a filament lamp,
when the temperature of the filament (resistor)

increases, its resistance also increases. This Temperature ——»
occurs because the filament is made of metal, | Fig 16.14: Temperature effect on a materials

and metals have free electrons that causes the flow of electric current, Ihq»h:crem in
the temperature of a resistor increases the \ribnnonqﬁmmﬁi.' These vibrations make it
harder for the electrons to move. As a resulf) Hmﬂqv.\ot‘eum becomes more difficult,
and the resistance goes up. So, a hdi\mimqm has more resistance than a cold one.

Semiconductors and | 2o

In the case of sJ lcnnductors and insulators, resistance may decrease with
temperature due to increase in the mobility of free charge carriers.
Example: 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




= i R f-'.J"F-"‘i'r
released, increasing conductivity and reducing reswl@ue‘ Dué 0 bhange in resistance,

the resistivity also changes am:nrchng[j' Theaeffétct of temperature on resistance of
different materials is graphically shown'in. Fig-16.14,

Potential Divider Circuit

Q.14: How putcﬁnal divider oot work? Explain.
Ans. Potential divider circuit: A potential or voltage
divider is a circuit that divides a voltage into smaller
parts using resistors. It consists of two or more resistors
connected in series across a vﬂltagc source (Fig. 16.15).
The voltage across each resistor is proportional to its
resistance relative to the total resistance of the circuit.
Mathematical expression:
: Consider two resistors R, .and !11 annecled in Fig, 16.15: | divider circuit
series. The voltage across each resistor is given by
R| '\-‘F | Rl ‘|"."|"“
R, _-Ei; -~ "w“m\ﬂ\'?é
where V = vnltagcx m&
and PI]Q Foss R,
The total mllageﬁ'ﬂ’bu is the sum ﬂf‘v’, and V,:
VS VieVy aaunly (16.10)
The voltage across each resistor can alsu bc calculated using the formulae:

V,
V;=IR;= —***R,

RF_
Rl
Yi=VNuui Ry FRG | ol moe (16.11)
R,
Similarly ?1=V,M>=W ......... (16,12)

Q.15: What is resistor colour uudqsﬁﬂw hwwm
Ans. Resistor colour godes: -

The resistot bolour codes is a system of
coloured bands 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 value written on Brown

it. In this way, resistor's values can be identified Black
without using multimeter Each colour Fig. 16.16: 100-ohm resistor colour codes




represents a specific digit and multiplier. In a four Ve 162 Stancard mﬁﬁ!’“f codes
band resistor, the first and second bands 'ﬂﬁj@p; ,iﬂ ; .-jﬁb f‘i ”*"ﬁm_ : I
“1st and -2nd digit, the 3rd and mﬂﬂ’ﬁ‘ﬁ“ﬁﬂw b} e e il
multiplier and tolerance. - (] ABAC Red 2 w X
Example: - NN b Crangs - w0 ]
A resistor has four bands Red, Violet. Yellow :: : 1:: I -
and Gold. First two digits show 27, Yellow band is Blue 7 0 Fr
a multiplier (10*), gold shows tolerance (£5 %). | | Violet 7 10’
The final value of resistance is 270,000 Q or 270 | 1°™ <L L.
k. The staridard resistor colour codes are given in :: ! i:_', =
Table 16.2. Siver T 0% |
Colourless r 0% “_!
0.16: What is negative temperature coefficient (NTC) thermistors? Write its actions
and applications. 15\ O

A AN oo
Ans. Negative Temperature Coefficient iqﬂﬂp;}uﬂlkgnjﬁ _:_f Vit

A Negative Temperature C y c\tg(lfxwis?ﬁ}fNTC] and its circuit diagram is
shown in Fig. 16.17. It | of tesistor whose resistence decreases as the temperature
increases. This behavi “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. NTC thermistors
are commonly used in temperature-sensing circuits, i I
such as those found in electronic devices (e.g.. ! |J_

Circuit symbol

\ O

. + . * i 3___:_-.:' x.‘!' ";r' | A
thermometers, tcmperat_ure monitoring mrnt_:_t\nLtsq.;.-alx}__o;hH A O W"jﬁﬁﬁ Siirmistor
temperature compensation in mrg%ﬁs). ach 'uhf;f\xﬁ 0] R =

{ .__,._—_ - 0 1 1,‘.\.""-_-_,.' el
Applications: SRR
1.

A Pl .
Temperature semi,\ﬁ slectronic devices.
Over current protection in power supplies, where the thermistor can limit current
based on temperature changes.

0.17: How light dependent resistors (LDRs) works? Write its action and
applications. :

Ans. Light-Dependent Resistors (LDRs)
A circuit diagram of a light dependent resistor (LDR) is shown in Fig. 16.18. 1t is a

2.




type of resistor whose resistance decrease

as the
l;.I -

ql;psgty.;ﬁf_ I[‘gﬁginérbases The more

|
Al
\

light that falls on the LDR, the more | 5 A\ | %. :
current flows through jt, as its/|/\ \budeder- g o o \\
resistance decreases. This\pgcurs' N AL

because the photocondulctive material | Qldwed i

inside the LDR 'dbsorbs light energy, il

which excites electrons, allowing them

to move more freely and thus reduces LDR circuit symbol
the resistance. M-

l:ﬁﬂﬂ and Use: Fig. 16.18: Light dependent resistor

As light intensity increases, the resistance of the LDR decreases, allowing more
.current to pass through. LDRs are widely used in light-sensing circuits, where changes in .
light intensity are monitored. They are commonly used in automatic lighting systems,

brightness sensors in cameras, and other applications where light level detection is
needed. Ll
~ i - Ilu-.l'-" Lot "{.I:ﬂ;f'll"'lx_r
ey N AR
L. Strect lighting that automatically flrns\ O whetri géts dark.
AL —/'F.' AL o IIL__'J = < 2
2.  Brightness sensors in ¢ -. éi;aﬁih&t&d\just exposure based on ambient light levels.

e

Applications: ’ __ ._f;_|*';f; >\ (CIOM
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Common Use of Electricity

0.18: Write some nﬁmmun uses of electricity.
Ans. Common Use of Electricity:

Electricity is one of the most versatile forms of energy that is used in our daily
lives.

(i) 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 food.

(i) It also plays a key role in lighting, from the bulbs in our homes to streetlights anc
flashlights, making it possible to see and work even after dark.

(ili) Another important use is battery charging, as eteggjqimﬁnw:ﬂﬁ%hargers for our
phones, laptops, electric vehicles, andotherpartable devices.

(iv) Electricity is essential fgrﬁpevgm}aﬁgmko}bﬁ ‘Which are found in appliances like
washing machincﬁs____ﬁggr%ﬁﬁ&h} and industrial machinery, as well as in electric
i ind trﬂmﬁti"" ok

(v) Electricity is the backbone of electronic systems, running computers, televisions,

- smartphones, and other gadgets that keep us connected and entertained.

Conclusion:
In short, electricity is everywhere, making our lives easier. safer. and more

efficient.




16.9
0.19: What is electric power? . (\ /(0 200 e

Ans. Electric power: TR
Electric power is;_t]ﬁ"@é‘-ﬁtjw'ﬁ!'ii&h'c!cctrica] energy is transferred or consumed in a
circuit. o
Formula:

Electric power P is commonly written as product of current | and voltage V.
As P=IV  aa(16:3)

V=IR

So P=IPR
or P=VIR ......[(16.14)
Unit:

It measures how quickly work is done or energy is used. The SI unit of power is

watt (W).

o e
P=wit & (TN lll.:-’r-‘ [\‘I:__;W:;]'L -

iR e
0.20: State Joule's Law and dnﬂtﬁ{qm
Ans. Joule's Law m};&ﬁjﬂj ABLE\C A

Heat produced by an electric current and the resistance of the conductor can be
described by Joule's law. According to this law:
"The heat energy produced in a resistance is equal to the product of square of the
current, resistance and time." '

Formula:
Mathematically; H=I3Rt

or H=PXt ... (16.15)
Total heat energy(H):

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 p@@éﬁi\ a resistor

& 1 I'|' A i Rt By
determines how quickly heat is produced. 0 A AN \ \WY [+
e, £\ l':‘\-\ ! ) jll-__ b A L~

Example: NS s

] \ '.I'. \ e 4
For example, a Lﬁl@\j—_ .‘L:%!hﬁfﬁéfﬁulb preduces heat at a rate of 100 joules per
second. The total hcat“%l:réy depends on how long the electric bulb operates.
For instance, if the 100 W electric bulb runs for 10 seconds, the total heat energy

produced is:

-

H=Pxt=100 W x 10s=1,000]
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 pawer of nnplifiquatt. in" one hour is c
kilowatt-hour." v QA0 n. -.'l.
One kilowatt-hour (1kWh),= 1,000 W& [ hour- 2 ... o . (16.16)
8 f 000.W (3600 s) '
R ,'T‘““' 3% % 1050 = 3.6 M)
The energy in ki lowatt-hour can be obtained by the formula:

~ Power in watts x time of use in hours
The amount of electrical energy in kilowatt-hour = 1.000

Electric meter:

The electric meter installed in our houses measures the consumption of elecmcﬁ
energy in the units of kilowatt-hour according to which we pay our electricity bills. If the
cost of ‘one kilowatt-hour i.e.. one unit is known, we can calculate the amount of
electricity bill by the formula:

Cost of electricity = Number of units consumed * Cost of one unit

(' 1\ fl'.l'n
- Power in watts = tlme ﬂf USe | in .buqraw 1 !_;_1 » 3

-l _ﬂ’Wﬁ“}: 0
Importance: m, o

When desi gg&ﬁl&uﬁs“ﬁ is imponant to choose components with suitable power
ratings. S:Iccﬁiiiﬂ mponents with the right power ratings ensures safety, reliability. and
efficiency.

0.21: What do you know about Household Circuits and hazards of electricity?

Ans. Household circuits safely distribute Main fuse Main switch
electricity through different pathways in a " Connection of various
home. Safety measures protect against

electrical hazards.

Household Circuits:

In a parallel circuit, every appliance like
our refrigerator, bulbs, or TV gets its nw:t TS
direct connection to the pwwcr_suép& ln“lbe e
parallel circuits, each ﬁﬁl{ihﬂnﬂ works
lndependentq.dwp.cad turn OFF the lights Fig,16.19: Household circuit
in the kitchen wlthnut shutting down the TV in the living room. The parallel circuits are
safer and more reliable. If one appliance breaks or a fuse blows, the rest of our home's
power stays ON. In short, connecting our home'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.
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Hazards of Electricity: S

Common electric hazards occur dueto: o~ O e A H IJ_-«::-::.; \(CO8="
1. Malpractice: o\l ” |\ SR\CAL U

Malpractice (incorrect use} afy |‘-.‘ﬂ“?-.'"-.§f \maintenance, and they can lead 10 serious
ceidents like shocks, fires; Or even fatalitics
3. Damaged Insulation:

One major hazard is damaged insulation. where the protective covering on wires
wears out or gets cut, and exposing live wires. This can cause electric shocks or short
circuits.

3. Overheating:

Another danger is overheating cables, which happens when wires carry morc
current than they are designed for. causing them to heat up and potentially start a fire.
4. Overloading:

Overloading is a common issue plugging too many devices into a single sockel.
extension lead, or power strip can draw excess current, overheating the circuit and

causing fires. VRIS HA) oY
(.22: What safety measures can D tq!gﬂ_tﬁ_,mvﬁlﬂt\w; of electricity?
Ans. Fuses and trip switch:sffjf- iiﬁ}qﬁﬂ- TR Sorlacemou  Detayfute

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, like an overload or
short circuit (Fig. 16.21). Both devices arc
connected to the live wire of the circuit,
ensuring that the entire circuit is switched
OFF safely in case of a problem. One of the
most critical safety features in a circuit is the
carth wire. If a fault occurs such-8s, 2 e \(0 LU
wire touching a metal casing, the’ AR N

e R R

provides a lnw-reg‘Iq@@‘ﬁi“ﬁath“'fﬁf the

breakers) are css:nt%gﬁﬁ@% ites o f vy =
avoid these hazards. ises contain a thin e / 4 -
/’ ;llluunm / Mm:

: =

current to flow safely mto the ground. Fig, 16.21: A trip switch
This prevents the casing from becoming live and triggers the fuse or trip switch to
cut OFF the power. This is why the outer casing of an electrical appliance musl be either
non-conducting {douhle-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 machines, are connected to the earth wire for safety.




Main Circuit Wires: -

" A typical main cifcuit consists of three wli-qu ‘1 'ﬁ WS

The live wire (line: wir:}. ,whit:huaarrms the current
from the power suppglyt th& n&lﬂ'ﬂ wire, which completes
the circuit; and| rljp‘." earth wire, which provides a safety path

for fault currents (Fig. 16.22).

Hazards of Electricity:

Despite these safety measures,

electric shocks can still occur, and | —°~C
Open Switch
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 cardiorespiratory
failure (where the heart and lungs stop$
working) or seizures. Ffﬁi? rs W;P(;.t

proper safety mech ;sﬁng Lm;g; | firses, | Flg.li.li Swﬁolsainﬂwselenﬂalmpomnts

circuit breakeﬁﬂm’l *e‘a’rtﬁmg are so important which help to prevent accidents and
protect lives. The symbols of various electrical components are shown in

Fig. 16.23.

DO YOU KNOW? Y

In electrolysis, current is produced due to flow of both positive and
negative ions. In the electrolyte, negative ions are attracted to the
anode. This movement of ions within the electrolyte constitutes an
electric current within the internal circuit.

= g
-IA‘
§

The eimmntj thi: ty]:cs ﬂf energy

VOLTAGE

Voltage is the difference in electric potential

which forces a unit pnsllwe charge to move
from the positive to the negative terminal of
the source. It separates the two charges from
each other.

between two points. The voltage between two
points is equal to the work done per unit of
charge against a static electric field to move a
test charge between two points.

Tidits ©

In any circuit, electic current prefers the path of least resistance, just like water flowing downhill.




N Sss— e .. E—

Birds are safe because both their feet touch the same potential wire. Thereis no-voltage difference, so

no current flows through their bodies. A N araNY RS
Power bills measure energy, not electricity. Our electricity bills show Kilowatt-hours (kWh), a measure
of energy used, not electricity consumed. |\ (\ |\ %,_‘. Ao ="

] AR
o AR _.w]Tx;J_ N AL
T Three identical 5V cells are connected is parallel. What is the total e.m.{ of the
combination?
Ans. When identical cells are connected in parallel, the total e.m.f of the combination remains same as
the e.m.f of single cell.
Since each cell has an emf of 5 volts, then total emf of combination. Will also be 5 volt.
2. If two appliances are rated 100W and 1000W, both used for 1 hour. Do they consume equal
energy or different? Why? '
Ans. They consume different energy, the 1000W appliance consumes 10 time more energy than
100W appliance. The reason for this behavior is because electric energy consumption

depends on Power x time.
For 100 W : E=100W = 1 hour =100 Wh

For 100 W : E=1000W x | hour = 1000 Wh = T
3.  Why can a tiny device like a smartphone charger t_l,-l.F,mRr ‘gﬁﬁiﬂ‘ﬁmﬂhing goes
wrong? A ] 'fi. \{ ﬁ'-.. ﬁ"., I"'.I l,f] I".j";_ )| e

o

v\ _

Ans. A tiny device like a smaﬂphﬂﬁbag&f%dﬁ%jﬁﬁﬂhﬁn switch because the problem is not its
size, but the fault it creates, w.‘l&mfi. small-dévice can trip the main switch because a fault can
cause heavy current aid/{he safety system responds to protect the circuit.

4. Imagine yourh has no Earth wire. What could happen if the live wire touches the metal
body of an appliance? i

Ans. If the live wire touches the metal body of an appliance and there is no earth wire, the metal body
becomes live, posing a risk of electric shock and fire.

7 ool |

(I} A battery does 120 J of work to move a charge of 20 C through a circuit. What
is the potential difference across the circuit?

Solution: :
Given that; W= 120], Q =20C
To ﬁﬂd.’. . V=7 . — \ﬁ-::".\‘l
" Using the formula; V=W/Q e 1) :j:j A
~ Substituting the values; V.= 120 J / \ ‘Vﬁj \_“E\j‘?j @
Two resistors of 8 Q a ﬂ‘f . conn in parallel across a 30 V power
supply. Calculate | g;\q:%l_'-,teﬁbﬁnce and the current drawn from the power

supply. RN VE y
Solution:
Given that; R, =8 O, R, =24 Qand V=30V
Tofind; R,=?and1=?
Using the formula for parallel resistance: 1/R, = I/R; + 1/R;
Substituting the values; 1/R, = (1/8) + (1/24)
I/R, = (3/24) + (1/24)




I/R,=4/240rR,=24/4=6 Q o\ @
Now, we calculate total current by usmg Ohm's, Law A =
[= VR, = 30 W6QSA
[E An aluminium wire; hmﬁ a lﬁngfh of 15 m, a cross-sectional area of 3 x 10°m?,
and a resistiviey 0f2.82 x 107°Q m. Calculate its resistance.

Solution: /™

Given that; Resistivity p=282x10°Qm
Length L=15m,A=3x10%6m?

To find;

Resistance R = 7
Using the formula: R=p {L!M
Substituting the values
R=(282>108Qm)*x(15m/3%x10°m?)
R =(2.82 x 10-%) x (5 x 10%)
R=0.141 Q :
'ihe resistance of the wire is 0.141 Q. =12\ (C v
Calculate the one-month cost-of usmg a 1q0 W cclling fan fnr 10 hours daily in
VOur room. Assume tlintthpf pﬂéﬁ of one-tnit is Rs.25.
Solution: \ H \\
Given that; ]P«hw& Z 100 W = 0.1 kW
“Time t= 10 hour per day
Number of days = 30
Number of units consumed = Power x Time x Days
=0.1 x 10 x 30 = 30 units
Total cost = Units consumed * Price per unit
=30 x 25 =Rs. 750

= Objective Iype Questions

Additional MCQ S

Multiple Choice Questions |J|e1wrnJ i the 1n= o new Examination Techn liques
1Knnwledge UndEratﬂnd-ng Appl:catmn Analytncal & Conceptual)

1. The electric current can be caused due to the movement of:
(a) Positive charges(b) Negative charges (c) Botha& b (d) None of these
2.  Amount of charge passing through any cross section of a conductor per unit
time is called:
(a) power (b) electric current (c) voltage (d) work




11.

12.

13.

14.

15.

“16.

Electric current is reprtseuied by: m‘n A

@0 . @Y U RN [eNeR
One amphere (1A) is also then a;:\\ ”H U I J,jk T,
\ ‘., 1.\ -
(a) 1Cs™ {h}r J?Cs"*\ S (c) -1A (d) =ms™!

The current was cnusldered to be due to flow of only positive charges, named
as:

(a) Conventional current (b) Direct current

(c) Indirect current (d) Alternating current

The movement of both positive and negative charges are called which current?
(a) conventional current (b) electric current '
(c) electronic current (d) bothbandc

Which current changes its direction? :

(a) direct current (b) alternating current

(¢) conventional current (d) rmn-¢1~'.*4a:1:|'4mnivz;,s::un‘«‘.':i;;;;1 »L

Which types of current is produced by ki ;ap Qn:eq ﬁﬂio 3’

(a) alternating current O }Lcﬁﬁief t

C "n"- : 5 ll‘
(c) conventional current \(& '~ A [ “{d] “electronic current
t

In circuit, electnqg Ayve which path to flow?
(a) High resita & (b) mednan resitance (c) least resistance (d) none of these

16.2 Electromotive Force and Potential Difference
SI unit for emf and potential difference is:

(a) Watt (b) Joule (¢) Ampere (d) Volt

If 1 Joule of energy is used to move 1 coulomb of charges, the voltage is called:
(a) 5 volt (b) 10 volt (c) 1volt (d) 0.5 volt
Thermocouples convert thermal energy into:

(a) mehanical energy (b) electrical energy

(c) chemical energy (d). light energy

e.m.f of a battery can be measured directly by the use of \ whu.'ll

(a) Ammeter (b) Voltmeter {c}wGa\Iq\aﬁn:fr &_t} ﬂn‘ne uf these
The energy used by a mmpgnent ﬁﬂ;hﬁ

(a) Voltage '1 W\ \TR VLRSS (h} “Pontential difference

(c) Electrical pote;nnfq. f] S\ J JU (d) All of these

In a series com aﬂon, what will be the effect on total e.m.f?

_ (a) increased (b) decreased (¢) not changed (d) moderate

Ohm's Law presented by:
(a) Newton (b) Alexander fleming
(c) George Simon (d) Ruther ford




17.

19.

20,

21.

-

28,

26.

27.

29.

‘When there are mu

F#MH_FJ-!;’F I"I' \
The unit of R (restance of a conductor s 12\ L€
(a) Ohm (b) Newton, © - \(&) \Arpere
i Combination of Resistances
Ilti';_ilgf- paths for current flow in a circuit, the combination of

(d) Volt

resistance is ¢alled:
(a) parallel” (b) series (c) botha& b (d) none of these

16.5 Electrical Resistivity

The factor which éfl‘ect the resistance is:
(a) pressure (b) temperature (c) catalyist ~(d) all of these

| 16.6 Potential Divider Circuit
A potential divider is a circuit that divides voltage into parts:
(a) Bigger (b) Smaller (c¢) Moderate (d) Nano

16.7 Resistor Colour Codes  [gi@a

The resistor colour codes is a system oﬂnﬁ’l&d}.rbﬂ,nhqns which indicates:

(a) resistance (b) ;plgmm::fi 1'*-.':(1:'}} ‘botha & b (d) current

,

As the temperatue iygﬁ?gﬁi\h{bﬂb‘rﬂkmnce of NTC thermistor:

(a) increase r_;;;f.‘:_-;’]"Ij;{?bﬂ'*hh'éﬁage.i (c) decrease (d) moderate
LDR stands for:

(a) Light dependent resistor (b) Light divider resistor

(c) Light drawn resistance (d) Light driver resultant :

16.9 . Electric Power

The amount of energy delivere by a power of one Kilowatt in one hour is
called:

(a) One Kilowatt hour (b) Two Kilowatt hour

(c) One hundred Kilowatt hour (d) None of these

The unit which is used to measure large amount of electric ene gy is:

(a) Miliwatt-hour (b) Kilowatt-hour (c) Mili watt-see, Td)‘fr!{ owatt-min

LLALY Household Circuifs and Safety Measures

Which circuit is more raferand reliable®

\ .'._- Vi \ A

(a) parallel _ Ab)/series- (c) botha& b (d) none of these
Which are the hazards of electricity?

(a) Malpractice (b) Damage insulation

(¢) Over heating (d) All of these

Fuses and trip switches connected to which wire in a circuit?

(a) Neutral (b) Earth (c) Live (d) All of these

A typical main circuit consist of wires:
(a) Two (b) Three (c) Four (d) Five




30. Which wire carry the curent from the power suppl)r" =\ 2O
(a) Neutral wire ~ (b) Earth wnre__ (c;i lyme wnrf: “2\odY None of these

[Answers I

1. (c) 2. {b) el '(n} -i'".\" {a} 8 Citay il @y =% (b)

8. @ 9 (@ Yo, @ 1L (@) 12 (b)) 13. (b) 14, (d)
15. (a) 16. (c) 17. (a) 18. (a) 19. (b) 20. (b) 1. . {(c)
22. (c) 23 (a) 24. (a) Ly 26 @y 2%, (). 2B (c)
29. (b)

P et et

Short Answer Questions plepﬂn,d ared in the light of new « Examination lechmqum

{Hnuwledge, Understandmg Apphcatmn, ﬁnalytmal 8 CDm:Eptuau

. What is electricity? WM S\ =

Ans. Electricity is a branch ﬁf\phymc& whicﬁ dcals with thc flow of charges. The
movement of nhh[éla&*rcé'ul’ts in flow of electric current which illuminates our
homes, fuels our industries and connects us across the world.

2. Define electric current.

Ans. Amount of charge passing through any cross section of a conductor per unit time is
called electric current,
It is represented by 1.

The SI unit of electric current is Ampere (A).
3. Differentiate between direct current and alternating current.

o T A4

Direct current Allermsiting carrent

(i) Direct current is an e!ectnc ‘{l} 1\ "Aftéfndtihg current is a type of
current where the ﬂectrlc -~ ~“current that periodically reverse its
charge flows.if olje direction. direction.

(ii) In DC Jc‘rcun the voltage|@i) In AC circuit, the voltage changes
remains constant over time. polarity. -

(iii) The frequency of DC is zero.  |(iii) The frequency of AC is 50 hertz (Hz)

4. Write an advantages of AC over DC.
Ans. One advantage of A.C over D.C is that it can be transmitted over long distances
with low energy loss.




5. Draw figures which represent AC and DC. Dlreqt]cul:rm IS
Direct Current y A g D \ 5 “ 1\ . -

Vol " B o
A T
¥,

Ans,

L

FAW J'-

{ N S ) ey e
'.;'"'-' I'.I'. f " ( -lII II'I.'.__I' e
) WL

.

Alternating Current *
(A.C) v

$— . =—» L

N

®) €—1 —>»
6. What is the use of Ammeter?
Ans. Ammeter is a device used to measure the current flowing a circuit. It must be
connected in series with the component whose current is to be measured,

7. Write the difference between analogue and d:glll - mefin R
Ans, Analogue Ammeter } [igital Ammeter
(i) An analogue agimeter ugg aHi)y—A digital Ammeter provides a
needle and sqa.lq 1o\ indieate the numerical reading of the current an
curran{} N a display.
(ii) It is {yplcally have multiple|(ii) They also come with various ranges
selectable ranges which are which are automatically adjust the
selected manually. range depending on elected current.

8. Why AC is more dangerous than DC?

Ans. Direct current (D.C) is a current that travels from negative to the positive terminal.
It does not changes its direction. It is the current, we can get from a battery. DC
passing our body cannot cause electric shock but can cause during if the positive
and negative wires can come in contact.

Electromotive Force and Potential Difference

9. Define e.m.f. . 4 LL:J (il

Ans. Electromotive force is the energy qug!i\;ﬂ p;g‘m&:ﬁ*fu a unit positive charge
when it flows through thE- clns;d" ancu\t 1tu$i*¢prcsented by E. It's unit is volt.

T *;x AR

3 e — —

~ T -'| = Q
[\
10. Define pom!.ﬁal dlfl'ereuce (Electric potential).
Ans. Electric potential (V) is the amount of electric energy (W) per unit change (Q) at a
specific point in a electric field.
It is represented by V. It's unit is Volt (V)

1
s




11. What is the role of volt meter? A
Ans. Voltage can be measured using a device called voltmetén. Vaoltmeter Has two types:

(i) Analogue voltmeter g F\}oluﬂeiép Y
12. How analogue voltmeter i -

W

r “ﬁi‘?gﬁil voltmeter?

[

Ans. Analoene Voltmeres f fieital Valtmeter
Analogue voltmeter use a needle and a(Digital voltmeter, show the voltage as a
scale to display the voltage, making numerical value on a screen, offering

them useful for observing changes or| greater precision and ease of reading.
tends over time.

13. Why choosing right range voltmeter is important?

Ans. Choosing the right range is important using a low-range voltmeter, for a high
voltage could damage the device, while using a high range voltmeter for a small
voltage. might not provide accurate readings.

iy '-.“ﬁ'ﬁ_ \

I14. What is Ohm's Law? e N [BA LS
Ans. The current flowing through a {:ondu?:tqﬁsﬁﬂliféﬁl}; 'm_fj;':‘ifjg)‘rﬁbnal to the potential
3 conduetor) provided the physical state of the

LR

1 : 1
difference V across its two €n | -:ﬂ.\$ i
i A |I |I |II I-__j L )
conductor remains same, ~j] | |||\ 1
lcV RNV e

b L S

| e

I
| < m|—

15. Why birds remaine safe while sitting on the electric wire?
Ans. Birds are safe because both their feet touch the same potential wire. there is ngQ
voltage difference, so no current flows through their bodies.

BTXE Electrical Resistivity it

% 1

16. Define resistance. o o[BS
Ans. The opposition to the flow of electric ¢urrent \is\called resistance. Resitance is

' represented by R.

L
|'_-I

R o §NN Vi ﬂ::ic i

J A
E
Y e
Formula: P A

17. Why resistance increases in filament lamp while increases the temperature.
Ans. In filzment lamp, when the temperature of the filament increases, its resistance also
increases. This occurs because the filament is made of metal, and metals have free




electrons that causes the flow of electric current. While increase in. {en'gpcfatufe s the
vibration of atom also increases, These wbratlons r;naké hardEl ﬂa‘r thefﬂmvemcnt of
electrons. As a result resistance mcrca&: JANES

WO A
16.6 Potential rnmdu erf:u:t

18. What do you know a&&ﬂt p'of[ential divider
circuit?

Ans. A potential divider is a circuit that divides a
voltage into smaller parts using resistors. It
consists, of two or more resistors connected in| -
series across a voltage source.

|
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¢ l Y;
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19. Write uses of negative temperature co-efficient (NTC) thermlsto” (. ,”.J A
Ans. As the temperature increases, the resistance of the 3 &é}mlsﬁr cfbcreases This
makes its useful for applications where dh&ngeﬁ {Iejzpﬂramre need to be detected.
NTC thermistor our commonly LISC!.‘.L?] 'tQmj:lf-rahﬁ'e sensing circuit,
i. Temperature sensors lalcjécuLbﬁiﬁ devices.
ii. Over current protections in power supplies, where the thermistor can limit
current based on temperature changes.
20. Write few applications of LDRs.
Anms. i. Street lighting that automatically turns ON when it gets dark.
ii. Brightness sensors in cameras that adjust exposure based on ambient light

levels.
| 16.8 Common Use of Electricity

21. Write few uses of electricity.
Ans. i. One of the most common use of electricity is heating, which keep. us warm., HE=
ii. Another important use is battery charging, which charge our- pl?oncs, Lapltibf;
and electric vehicles. ..,'h':'rl AN
iii. Electricity is the backbone of electromc systé;ms\ Hmnjhg"cﬁmputers televisions

elc.

=

E

11. Define electric power.
Ans. Electric power is the rate at which electrical energy is transferred or consumed in a
circuit. It is denoted by P.
' P=iIN " s (i)
V=iIR " L5CH)
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Ans. The heat energy pro uf:ﬁd'rfi,ﬁ.-_t‘ai-""f'és'ismnce is proportional to the square of the
Methamatically:
24. Why it is important to choose suitable power components of circuit?

HEEERS————— o, S —————————
Putting eq (ii) in (i) e 1)
P=IR R TGN

23. What is Joule's Law? AT LSS

current, the resistar';‘ﬂé-ﬁtd the time in which the current flows.

H=IPRT

H=PxT s [P=PR

Ans. When designing circuit, selecting components with right power ratings ensures
safety, reliability and efficiency.

R} Household Circuits and Safety Measures

25. Write few hazards of electricity. e
Ans. Following are the main hazards of electricity: _— _~<\ r)fff1 \ (GO

.

. 1 ~ e e e Bl )
i. Malpractice or lack of maintenance.\ 2 LELR RO e

sk o VAR bl
ii. . Damaging insulation whmh@kpp}sq{j%éﬂgf&:;.,, &
iii. Overheating potentiall \F‘tﬂﬂﬁﬁ:ﬂ\ e
. iv. Over landing Elﬂ#ﬁ‘ﬁiﬁg‘lb socket lead to overheating and causing fires.

26. What is the role of fuses and trip switches?

Ans. Fuses and trip switches are essential safety devices to avoid electric 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.

27. What are the roles of different wires in a circuit?

Ans. Live Wire: The live wire (line wire), which carries the current from the power
supply.

Neutral Wire: Neutral wire, which completes the circuit.
Earth Wire: The earth wire, which provides a safety path for fault currents.

= Fxercise Questions (Solved

FERSEEEEREES

Tick (v) the correct answer. (||| (|10
16.1 The direction of eonNéntional 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
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 (¢) ohmmeter (d) wattmeter
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16.4 What is the function of an electromotive I‘urne-{t.!mﬂ] Lidiﬂ*éé fn a ciﬂ:ult"
(a) To reduce resistance in the circuit ‘u AN = 8 s
(b) To provide energyito duw aha‘rée ‘rhmf“ugh the circuit
(c) To store f:lectrlqa{ t:ﬁthj(* later use
(d) To con: Gigetrical energy into mechanical enr,rgy

16.5 The relntiéﬂlp between voltage, current, and resistance is:

(a) V=IR (b) V=IR (¢) V=IR (d) V=R/
16.6 What happens to the resistance of a metal conductor when its temperature
increases? :
(a) It decreases (b) It remains constant
(c) It increases : ~(d) It becomes zero
Answersg

161()) 162(b) 163(b) 164(b) 165 (a) 166 (c)

~ O

16. l How does an ammeter measure eler.tric currql-iit |{ CI0"

Ans. An ammeter measures electric ¢qn=pqu} \bﬂl!l'_lg,-éﬁﬂﬂlﬂct&d In series with the circuit,
having low reisstance 4 dﬁiml{yﬁ]giﬁﬁahbmted reading of the current.

16.2 What is the main ¢ fference between direct current and alternating current?
Ans. Direct current Alternatine current
- (i) Direct current is an electric () Alternating current is a type of
current where the electric current that periodically reverse its
charge flows in one direction. direction,
(ii) In DC circuit, the voltage|(ii) In AC circuit. the voltage changes
remains constant over time. polarity.
[lil] The frequency of DC is zero (ui} The frequency of AC is 50 hertz (Hz)

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

Ans. Electromotive force is the energy supplied by a battery to a unit positive charge

when it flows through the closed circuit. Tt is I'Epfﬁcﬂtﬂd -b}:*;?n 1lﬁ,;:;mut is volt.
Q ""; 13 [a' e
[ i e

16.4 State Ohm's law and #ﬁm rq:kiu:t"\uty :

Ans. Ohm's Law Ohmmla\'}l \states that the current through a conductor between two
points is dl /“proportional 1o the vo[tag: across the two points. and inversely
proportional to thc resistance between them. :
Mathematically. ohm's Law is expressed as: V = IR

Resistivity: Resistance of a cubic metre of a material is called resistivity. |

er=p(k)
i.e. A .
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165! What is the formula for caku!nting the eqmv;lc-qpf»% @@éﬁ“ﬁf reaumrs

Ans.

16.6

Ans,

16.1

Ans.

16.2

Ans.

| C. Constructed Response Questions

connected in series? 53 {8

When resistors are mnnq;taq tn&b\(ﬁé_ﬂ:ﬁt\m \1 r:ststance is the sum of the
individual resistances. 1"*‘ \RRNE

If resistors R, ﬂﬁl E,,B,f“:.l..{.‘ are connected in series, the equivalent resistance (Req)
is given by '

qu = R| + R; + R3 gl ardens

How does temperature affect the resistance of a conductor?

As temperature increases, the resistance of a conductor generally increases.

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?

An ammeter needs very low resistance to avoid l:mpedmg current flow and is

connected in series to measure the total current. A ﬁm‘ﬁ%ﬁ very high
resistance to avoid drawing currec ancbl "dm(lﬁn 2 :I to measure the
potential difference accurately. Ifan : \sfcﬁ’nn in parallel, it creates a

short circuit. If a vullm;}p W% “in serles. it significantly inpedes current
flow. S J“J] N

If a copper wli% is replaced with an aluminum wire of the same dimensmns,
how would the current and power consumption change in the same circuit?
Explain using the concept of resistivity.

When a copper wire is replaced with an aluminium wire of the same dimensions

both current and powér consumption will decrease.

Vv

According to Ohm's Law [=E , if the voltage (V) of the circuit the same. the

current (1) is inversely proportional to-the resistance. Since the aluminium wire has
a higher resistance, the total current in the circuit will decrease.

s o) B
It you talk about power cnnsumptmn 1t can be, A Jas : Qﬁ" i
LAY

In Aluminium wire, the ﬁq‘(ﬁ‘qeﬁ\;r ‘cb\’lsuhptmn of the circuit will decrease
because the mcreas?g ¢sist Yimits.

Resistivity: Ré\&ig‘viy is expressed by (p). It is an intrinsic property of a material
that measures how strongly it opposes the flow of electric current.

Copper has a resistivity 1.68 = 10-2 (2 at 20°C.

Aluminium has high resistivity 2.82 x 103 Q at 20°C.

RA

PoE




16.3
Ans.
i.

ii.

iii.
iv.

16.4

Ans,

iv.

16.5

Ans,

In a household lighting circuit, what praﬂiﬁ_q’?;qg@ﬁm}hht arise if the

bulbs were connected in series instead of paral

In a house hold lighti aﬁj;ﬂﬂitﬁ\:ﬁﬁﬁ&@ﬂgﬂ:ﬂhs in series rather than the standard
parallel configuration Eause| fc Hﬂhﬁﬁf major practical issues;

In a seﬂes_;j_f ﬁjﬂﬁ;ﬂiéf me current flows through all components. If one bulb fails
(e.g.. the filament breaks), the entire circuit is broken, and all the bulbs will 20 out.
In a series circuit, the voltage is divided among the components. If multiple bulbs
are connected in series. each bulb receives a fraction of the total voltage. This
means each bulb will be dinner than if it were connected to the full voltage.

Adding more bulbs in series increases the total resistance of the circuit. further
reducing the current and making all the bulbs even dimmer. :
Troubleshooting a series circuit is difficult. If one bulb is not working, it can be
hard to identify which bulb is the problem, as all the bulbs will be off. _
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

; A 5 0 . = Illl .'illl_,-'
wrong if the rating is too low or too hlg\hi? LG 'Hff’.‘:';uh\a@ Q)N

i. The fuse rating should be slightl ma@% e riormal operating current to
, - §E s VAT B k e
avoid nuisance trippi nb(‘ _ during normal operation). A fuse rating

too close to the gﬁq;i\ rent might cause the fuse to blow due to minor current
ﬂuctuation%\ilﬂﬁf\ U '

A suitable fuse rating would be 6A. This allows for a small margin above the
normal operating current of SA.

If the fuse rating is too low (e.g. 5A or less), the fuse will blow frequently during
normal operation, interrupting the device's function. :

If the fuse rating is too high (e.g.. 10A). the fuse may not blow quickly enough or at
all during a fault condition (like a short circuit or overload).

This could allow excessive current to flow, potentially damaging the device or
causing a fire hazard.

Explain why A.C is more suitable for power Mnsmisalws cities, even
e

though D.C is used in batteries and portable e tromic devices.

1. Easy Conversion of Voltage: NE(.‘ hﬁ\}&%ﬁ; ;‘éﬁfnbged to different voltage
levels using transfurmﬂ\?ﬁ..ﬁﬁexlgigﬁh A '?&Ilagé’ is much more complex and
expensive. o] EL\*C,RS\J S

1. Low eney B M By increasing the voltage for transmission, we can lower the
current. Since energy lost as heat is calculated as Py = IR, a lower current (N
significantly reduces the amount of electricity worked that trip from the power plant
to the city.

3. Less Expensive: A.C allows for low-current transmission we can use thinner
wires. If we sent high current D.C across a city, we would need massive, heavy

cables to prevent them over heating, which would be expensive.
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[D.Comprehensive Questions IR ANGE

16.1 Explain the concept of electric cﬁm&ﬂ; i;[ _
charges, and how is it mﬁﬁlﬁf@@ﬁ@w

Ans. See Answer Q. # g .Tﬁg\]]q\:ﬂ_h'aﬁ ot

16.2 Define electr\gﬁ'gﬂ' ¢ force (e.m.f.) and potential difference. How does a

- battery create a potential difference, and what is the role of e.m.f. in
maintaining the flow of current?

Ans. See Answer Q. # 5. 6.

16.3 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? |

Ans. See Answer () # 9.

16.4 Differentiate between series and parallel combinations of resistors. Provide
mathematical expressions for calculating the total resistance in both types of

circuits. SR
~E CLOue
Ans. See Answer Q. # 10, 11. ey r;‘?i-QJ]@;jcS-‘ﬁLﬁ
16.5 What is meant by resistivity o #m‘}siﬁﬁ\ w/does it depend on the

conductors and semi

Ans. See Answer Q. Wﬂ

E. Numerical Problems
16.1 A charge of 25 coulombs passes through a circuit in 10 seconds, Calculate the
current flowing through the circuit.
Ans. Given X
Charge=Q=25C
Time=t=10s
To find:. current=1= 7

material, and what role Fw watire: play in changing the resistivity of

Formula: | = ?—

: Q — (1) (CLD)
S‘ﬂl“h'ﬂﬂ: ' - = _‘ i"l’ i _I-~,III"'J-_\~';;|I\..:"\-IJ’||{{.’.}l{;\ﬁ:h—
1 R s el ) Ve T -uj'& I|| 2
AT DA
~ W I'|| | L e

Ll .'I_

By substituting values T\ e VY
- = l;.,r:ll LB ‘:III|III|| ™ '\:\_j'- e
25C ] f& A TS
= =y T:"If :] i?ll el 4
10s '\\I]::J '\.'{T\Jd 3

| =2.5A

Thus, current flowing through circuit is 2.5 amperes,

16.2 Three resistors of 42, 6€), and 8 are connected in series to a 24 V battery.
Find the total resistance and the current flowing through the circuit.

Ans.

Given: R, =40) :R,=6Q :R, =80

3

) 'l1 ﬁ'. I (e
t)\g\t_--}&.lﬁ'élated to the movement of

-



Voltage = V = 24V _ ‘\{ I P ﬂ@rﬁ g
Tofind: Ry =7 o DA TN [(Gae=

=9 ﬂf\ﬁ%\(ﬁ}j}};ﬁh )
Formula: _ q-.::ﬁf '"*\.EE LRS-

Solution: ‘
Total resistance =R, + R, + R,
=40 + 60 + 8Q
RT = |82
using Ohm's Law

A
=R

24v @0 T
1= == 1334 ©

?‘\‘
16.3 Two ruhton of 1002 m ,\ in pnn!lel across a 20 V power
supply. Cnlulm @ and the current drawn from the power
supply. -
Ans. Given: R, Rz =30Q
To find:
Total resistance = R =?
Current=1=7?
Formula:
Total resistance in parallel

KRR
b 7
sﬂ.ﬁi:?ml R g o T?Eih': ®I
) :.'. lll"lj T




Ry = 7.5Q
Current drawn from power b

Toral

'=2.6?A \'l-lll‘\[jx: I.-,_ -'\ N o\ !

16.4 Four 1.5 V batteries are connected in series in a flashlight. Determine the total
electromotive force (e. ml’}upplied to the circuit.
Ans. Given: number of battries =

10 Voltage = I.SV

Totalem.f=?
Solution:
Totalem.fF=V = n
= 1.5V x 4
Total e.m.f= 6.0V

16.5 A circuit has a 5 A current
power dissipated in the resistor and

Fal

Povwver dlﬂlpﬂed =p=2
Enel'&v consumed = E =9

Ans, Given:
Current = | = SA
Resistance =R =
Time = = |

To find:

Solution

Using Formula P = 2R

Hl'ld E = P X t
Now P =I2R
B}r Substimﬁng "ﬂues

P=(5AP x(7Q))

P__'{z.s * ‘}"} w
P=175W
Also uﬁing
E=P=xt
By substituting values
E=(175 W) x.
E= Ios y 'L:| ]

E=105kJ

A
< (6000 -
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in 10 minutes.
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