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CHAPTER

Aﬂer studying his chapter, students will be able to:

define and calculate electric current, usmg the equation; I = /

explain electrical conduction in metals in térms 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 (analogue and digital) wrth different
ranges. e

define emn.f. as the electrical work done by a source in moving a umt@lgxgrge around

a complete circuit, using the equatlon E w/Q.
define pbtential difference (p.d.) as th rk d W@&%ﬁ: passing through
a component, using the cquatn n; V
state that e.m.f. and p.d. folts and that one volt is equal to one joule

~ per coulomb (JC-1),
illustrate the uswgﬁ ers (analogue and dlgltal) with different ranges

calculate the total e.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 proportlonallty 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 usmg components such as cells, batteries, power supplles

generators, switches, resistors, thermistors (NTC, llght-dependcnt resistors (LDRs),
lamps, motors, ammeters, voltmeters, transformers, fuses, relays diodes;.and LEDs.
calculate the combined resistance of resistors in serles @ @O QYL

1 Paraiic o

calculate current, voltage, and resistance t or the whole circuit.

describe the action of negat m I\ ‘a\‘% § lCICﬂt (NTC) thermistors and light-
dependent resistors use as Input sensors.
analyze the fun ariable potential dividers’in circuits, using the cquatxon
R |7 >

Vo= N, - |
justify and illustrate the use of colour codes for resistors.
use the equation; power = current x voltage (P = IV) to solve simple problems.

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




e define the kilowatt-hour (kWh). | i S @@ e

e  explain the need to choose components with s W@l& L

e calculate the cost of using °|5 ical iances) ergy unit is the KkWh.

e explain the use and operatﬁ hes and fuses and choose appropriate
fuse ratings and tripSx gs. : \

e explain what happens when 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. = . piimibiga

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

: earth wire. ‘ ' 1

e explain why fuses and circuit breakers are connected into the live wire for the
circuit to be switched OFF safely. | ‘

explain why domestic supplies are connected in parallel.
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Q.1: What do you know about electricity? e
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 .
Q.2: What is electric current? How electric current is ditferent from conventional

current? . _
Ans. Electric current: Amount of charge passing through any cross section of a conductor

per unit time is called electric current. : oo 0RO
Explanation: In an atom, the electrons andA\ fﬂ@i@ﬁ%‘””“ Free electrons
45

A

positively charged nucleus are held to f B s e e

strong force. However, some & ' SR 4

move freely as these ar ed with | e gt e e B
the nucleus. These trons move randomly 1E 4-6«(-3«-@«{9‘

within a metallic-conductor. However, when an
external electric field is applied, these electrons
move in a specific direction (Fig. 16.1). This flow I

of charges is called an electric current. The e |
electric current can be cfaused due to movement of Fig 16.1: Flow ofml "“' decidt
both positive and negative charges. :

]




Formula: If Q charge ﬂows in time t then current I can be exp @SE
N "

Unit: The SI unit of electri i :
Ampere: One W@ ined as the flow of one coulomb of electric charge per
second, which ¢ written as; 1 A=1C S"1

Conventional Current:
Before the discovery of electrons, the electnc current was consndered 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 posmve charges in opposite direction. Despite this difference, both
concepts are used in practice, with conventional current being the standard in circuit
analysis.

| B —— )
Q3. Write the types of electric current, @@W@o@@
Ans. Types of Electric cm@ M@@ i
1. Direct Current DAY\ el oo B
2. Aliernating IS
1. Direct Curren (DC)
(i) Direct Current (DC) is an electrical current
where the electric charge flows in one
direction only (Fig. 16.2-a).

Alternating Current *

(i) In a D.C circuit, the voltage remains constant | Q_‘f .::) g K » k
_over time, and the strength of the current does | X
not change. $
(iii) The current provided by a battery is an N S
example of direct current. | Fie-162: Types of m“’ D.C(bJAC

2.  Alternating Current (AC)
() Alternating Current (AC) is a type ocgc e

De @2@9 reverses its direction
(Fig. 16.2-b). “ .
(i) Most power stations in oduce alternating current.
(iii) A.C changw 2 1750 second, and its frequency is 50 hertz (Hz).

(iv) One advan A.C over D.C is that it can be transmitted over long distances
with low energy loss. |

Q.4: How Ammeter is helpfull measuring tlle 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: 7

; by Q
Both types are available in differe 0
measure both small a \.N\\"‘N rents. In Fig. 16.3, we i —_— ]
meter (left) 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 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. Analogue ammeters typically have multiple selectable ranges,
such as 0-100mA, 0-10A, etc. The correct range must be selected 10 avoid damage to the

device and to ensure accurate readings. : @ @@m
Use: Ideal for visual indication of current-fio W % and often used in
educational settings due to its siﬂm _

il. Digital Ammetw 3
A digital amm vides a numerical reading of the current on a digital display.

It 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 are equipped with multiple ranges 1o 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 (e.g. 0-10 A) are used to measure larger Cﬁ
those in power systems or industrial circuits. "“, @@
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nts, such as

£
XN  Electromotive Force and Potential Difference

Q.5: How (EMF) “‘ se-and potential ditference (P.D) are interrelated?
Ans. Electromotiv ce (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=11 ct'y

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

Electromotive Force (e.m.f): | 7
" Electromotive force is energy supplied by a battery to a unit positive charge when it




W

Formula: L @) VU] ()

Mathematically: - %%@Q&Q | , B ,

. _ Energy d 5 S
e.m.f= WW ..... (16.2) JT e

Whguier MR e
- or = 6‘ ......... .(16.3) : ‘ Fig 16.4: Electromotive force
“E'is the em.f, W is energy converted from non-electrical forms to electrical form
and Q is the charge. | - ; :
Measurement: | s |
Emf of battery can be measured directly by connecting its terminal to a voltmeter as
shown in Fig. | o -
Explanation: A source of electromotive force (e.m.f)) converts 0]
non-electrical energy, like chemical, thermal, or mechanica :

- energy, into electrical energy. Examples of su “n
include batteries (which convert &} @ aergy),
thermocouples (which con the

-generators (which conve ,§ :
conductor is connedted a battery, current flows due to the : V-
potential difference between the battery's terminals. The | Fig 16.5: Schematic diagram for
battery provides energy to move the positive terminal through measuring e.m.f 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 Difference: '

The potential difference is the difference in the values of electric potential between
two points in the electric field.

Electric Potential: Electric potential (V) is the amount o ng}gy (W) per
unit charge (Q) at a specific point in an electri @ ' .

2 - W O%m ! . Battery

- Formula: i.e; 'V=E | O@ Ll6.4) — oo
Unit: The unit of clmgﬂ p[ otential is volt (V). One | Bulb

volt is equals to one joule per coulomb v=1Ch, L @ Q
Voltage: Potential difference is also called voltage I/’ '\l
which is the energy used by a com'poncn_t in the Higher I T l Lowe_rl
circuit. Voltage can also be referred to e.m.f. which i § Aotent v;‘;::::?:a ftent
 the energy supplied by a source like a battery. Both R ;

potential difference and e.m.f. are measured in volts, . oy ofvoltmetersl

> ‘ : ..‘




Potentlal Difference: @@@

A battery converts chemical energy into Eg‘ w/ side the battery, a
chemical reaction causes a buildu im%mm ive terminal and a shortage of
electrons at the positive terminal ce creates a potential difference between
the terminals, which aw@@m&ls 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 dmerence is measured?
Ans. Voltmeter:

Voltage can be measured using a devnce called voltmeter.
Types: |
Voltmeter can also be of two types.
1. Analogue 2. Digital -
Both types are available with different ranges, allowmg them.to @@@t@ voltages
of varying magnitudes. _ a
Analogue Voltmeters: , ~ ‘
Analogue voltmeters use a n e o display the voltage making them
useful for observing chan

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 voltmeters:

“A low-range voltmeter might measure mllllVOItS (mV), whlle a high-range
voltmeter could measure hundreds or even | (FEm @™
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 small vOltag\e,.might
not provide accurate readings. Analogue and |
digital voltmeters are shown in Fig. 16.7.

Q.7: How e.m.f is calculated in sg

Ans. Total e.m.f. of Series
When multiple rces (e, battenes) 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:

er time.

Ewowm =E1 +Ex+ ...t E,

_ ' Eiotat = total e.m.f

where




- R o W SRR R )
Ey, Ey, ..., E, = e.m.f of the individual

sources’ Q

Example: If four batteries)

e.m.fof 1.5 V (Fig. 16. ed in 15V 15V 1.5V 1.5V
series, the total be 6 V. stk 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 e !
This results in the total e.m.f, ini
‘the e.m.f. of one of the indivi s, but the

total current bec um of the individual A

currents provided by each source. Fig. 16.9: Four 1.5 V batteries connected in
Formula: For identical sources in parallel: ~ parallel

‘ Ewa=E|=E;=..=E,

where

Eioial is the total e.m.f. across the parallel sources.
Ey, Es...., E, are the e.m.f's of the individual sources (which are identical for each
source in the parallel connection). ' -
Example: In Fig. 16.9, four 1.5 V batteries are connected in parallel. The total e.m.f
across the combination will still be 1.5V, justas itis fora single battery.

16.3
Q.9: State and explain Ohm's Law.
Ans. Ohm's Law:

O
Statements: N Oﬂk\
"The current g through a conductor is T I

' /

R is constant

directly proportional to the potential difference V
across its two ends of a conductor, provided the
physical state (dimension, temperature, etc.) of the 4[
conductor remains same." - i T (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 dlfference across a conductor and the current flowin current in
a conductor was increased by increasing the potent m@%s ends.
Formula: Mathematically; @
[V “%m
| . 3

R
NedR ... (16.5)
where R is constant of proportionality called resistance of a conductor.
Unit: The SI unit of resnstance isohm (Q)and 1 Q =1V AL

16.4 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 i lel and the
equwalent resistance of the circuit depends upon ti . :

Series Combination of Resistors: \ :; v
When resistors are conne W : I
P
that there is only o current to ﬂow _ »
then it is called series-combination of resistors. ‘ ||l‘.r
Consider three resistors R, R, and R; connected in &
series as shown in Fig. 16.11. : s ﬂg.lw: Resistors in series

Current in series combination:

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

Voltage in series combination:

The total voltage in the circuit will be the sum of voltage across the three resistors.
ie; V=V, +V,+V,

Applying Ohm's Law to each resistor we have

V, =IR, V,=IRyandVy= k@ @@@W@Q@

or IR, =IR;+IR,+IR, o

IR, =IR,+R,+
R. = R,+RM.416 6)

Thus, equivalent resistance is equal to the sum of individual resistances.
Q.11: Determine the equivalent resistance of paraliel 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.




individual resistances.

Potential difference: The electric potential

across each resistance is the same an equ

the applied potential. Each Pp@@&

current flowing throu A\t( %ﬁ\d\l
Consider:three resistors 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; ) ‘

I=1+1,+1,

| i 2l @o@@m
Applying Ohm's Law to each resistor, c%@@@W St B
| V =IlR,V=

e
or Wﬁ@ I;= R_3 .

L SRS R,
| R I
GG v e e
VvV 1 e |
g
Bl L G
RRCE T e (16.7)

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

Q.12: Define resistance. AI;{:X plectrical re
Ans. Resistance: ; @N 28 ‘ '
The opposition to the flow of electric current is called resistance.

Mathematical expression: The resistance is directly le— L ——
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

c 16.13: R ty of a material
mathematically we can write it as: & iy




b

| 1 ‘ 5 9 Electrical resistivity
Rf:cLorRocX- , %&ng : (102 Q m)

| O .
L - Q%m - Silver 17
R* = |
A W G0 <L Copper:. o - 169
e ' Aluminium ;L kD
R s p X ......... (16.8) Tungstcn 5'25
Electrical Resmivilv "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 Nuch Lk
* material which quantifies how strongly a material| " "C ome |
resist to electric current. Graphite 3500
Formula:
RA

T —
—

Unit: ST unit of resnstmty is the ohm-metrc (Q m) @@@
Note: Materials with heigh resistivity are @@@e ctricity, while those with

low resistivity are good co

Q.13: Explain the.eﬂW on resistance of a cunduclor?
Ans. Effect of Tempe on Resistance of a Conductor:
The resistance and the resistivity of a . @B Conductor

@B semiconductor
@B insulator

conductor can change with temperature In
most conductors such as metals, the electrical T
resistance increases with temperature because
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—b>
occurs because the filament is made of metal, ﬂl’"‘" Temperature effect on a materials
and metals have free electrons that causes the flow of electric current )' g\increase in
 the temperature of a resistor increases the vnbra onof its, atc J hese vibrations make it
harder for the electrons to move. As a msu%@@ﬂ becomes more difficult,

and the resistance goes up. So, a re resistance than a cold one.

Semiconductors and @‘W
' In the case of semiconductors 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




Ans. Resistor cWW

‘value can be different from the value written on

[ =

(pm i oW T T oW 7\

released, increasing conductivity and reduci
the resistivity also changes accordingly.

B RS

different materials is graphics

Q.14: How potential divider circuit work? Explain.
Ans. Potential divider circuit: A potential or voltage |”

divider is a circuit that divides a voltage into

parts using resistors. It consists of two or more resistors

connected in series across a yoltage source (Fig.

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 R, connected in
series. The voltage across each resistor is given by

P %’lﬂ@@m@@@

where  V, = voltage

and V, = g SR, -
The total voltage/(Vyj;)) s the sum of V, and V,:

S,
: .
g re @.@@)&Hﬁnge in resistance,
emperature on resistance of
16.14. :

smaller

16.15).

R,

Fig. 16.15: Potential divider circuit
o)

Jub

| Vit = VitV cenn(16.10)
The voltage across each resistor can also be calculated using the formulae:

\ V,
V,=IR, = 2% xR,

R,
V=V ™ ——I—{J———
Lol RORR
Similarly R R,
5 o .lotal R_, TH R2

| | Resistor Col
Q.15: What is resistor col

......... (16.11)

e (16.12)

our Codes

The resist ur 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

it. In this way, resistor's values can be identified
without using multimeter Each colour

Black

Fig. 16.16: 100-ohm resistor colour codes




fepresents a specific digit and multiplier. In a four

~ band resistor; the first and second bands i

‘1st and 2nd digit, the 3rd and %
“multiplier and toleran W =

Example: - ; R

A resistor has four bands Red, Violet, Yellow

and Gold. First two digits show 27, Yellow band is |
a multiplier (10%), gold shows tolerance (£5 %).

The final value of resistance. is 270,000 Q or 270
kQ. The startdard resistor colour codes are given in
Table 16.2. '

0.16: What is negative temperature coefficient (NTC) thermistors? Write its actions

; @<;}(§ &o@©
istor (NTC) and its circuit diagram. is
nce decreases as the temperature
ue to the negative temperature coefficient, meaning that the

and applications.
Ans. Negative Temperature Coefficient (NT(
| i, o

eftcient|

¥ § "

.d

increases. This behav

or whose resiste

dard Blour codes
(} \Black ) T
) Brown 1 10'
Red 2 10?
Orange 3 10°
Yeliow 4 10* 4
Green 5 10°
Blue 6 10°
Violet 7 10" -
Grey 8 10*
White 9 10°
Gold 10 + 05%
Sliver ‘10" f 10%
Colourless ; t 20% |

" 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, |

such as those found in electronic devices (e.g.,
thcrmometcrs, temperature monitoring circuitsoan
temperature compensation in cir%) its). %@ Q
Applications: éi%i S\ \\ )
‘1.  Temperature s ' onic devices.
2.
 based on temperature changes.

Q.17: How light dependent resistors (LDRs) works? Write its action and

- applications. By
Ans. Light-Dependent Resistors (LDRS)

A circuit diagram of a light dependent resistor (LDR) is shown in Fig. 16.18. ltis a

tf
it
i

|

§

il

i
it
i

| 1@%

Circuit symbol

—fn—
e

C thermistor

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




type of resistor whose resistance decreases as the intensity of l@@g&é}éases. The more
light that falls on the LDR, the more [ EE NG

current flows throug‘ho' % lear coating over \
resistance decreases. T @
i aterial

ntire top surface
because the pho

Photbcondudive
material over

kg 3 top surface

inside the LDR\'absorbs light energy,

which excites electrons, allowing them

to move more freely and thus reduces ‘ LDR circuit symbol
' ¥~ Wire terminals

the resistance.
Action and Use: ,
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. ' @O@@m |

Applications: mﬂ
it'gets dark.

1.  Street lighting that auto
2.  Brightness sensors in cary ust exposure based on ambient light levels.

: INIK
W: Common Use of Electricity

Q.18: Write some common 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. T | | '
-~ () 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 anu

flashlights, making it possible to see and work even after dark.
(iii) Another important use is battery charging, as elcctr“@@@nargers for our
O

| phones, laptops, electric vehicles, an devices.

(iv) Electricity is essential ; which are found in appliances like
washing machines, refr nd industrial machinery, as well as in electric
cars and trains,| = e =

(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 Jeverywhere, making our lives easier, safer, and more
efficient. | ‘

Fig. 16.18: Light dependent resistor

O




Q.19: What is electric power?

Ans. Electric power: | .
Electric power iswww ich electrical energy is transferred or consumed in a
circuit.

@)

Formula: : :
Electric power P is commonly written as product of current | and voltage X,
As o PV T s (16.13)
SLaNEIR |
So P=I?R
or P=V2R ...... (16.14)
Unit:

It measures how quickly work is done or e'nergy is used. The SI unit of power is
watt (W).

b 1 \[;)v »}//t @ @Wa @
0.20: State Joule's Law and der @ﬁ&@

Ans. Joule's Law | '
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.

it or HEPXE Loii (16.15)
Total heat energy(H): -

This is the relationship between electric power P and total heat energ hich shows

that the total heat energy H is the _product of p r and '& O@@ a resistor
determines how quickly heat is produced C& “\’

Example: Q
xample J\\

For example, a 10 @ preduces heat at a rate of 100 joules per
second. The total heat'gnergy 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: 7 :
H=Pxt=100W x10s= i,OOOJ ‘
Kilowatt-hour: ‘
Electrical energy is commonly consumed in very large quantity. The unit which is

used to measure large amount of electncal energy is called kllowatt-hour It is defined as:




B O

n'rhe amount of energy dellvered by a power of W\@@%\Wﬂe hour is called
2]

kilowatt-hour." S 3EO
One kilowatt-hour (1kWh),=\1 (U EN e (16.16)
x (3600 s)

Womm x 10°J = 3.6 MJ
The energy in kilowatt-hour can be obtained by the formula:

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

-

Electric meter:

The electric meter installed in our houses measures the consumption of elecmcal
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 x Cost of one umt

_ Power in watts x time of usqp\be(q@ cga@ofone it ¢

e g

When desn it 1s important to choose components with suitable power
ratings. Select mponents with the right power ratings ensures safety, reliability, and

efficiency. : :
LIALR Household Circuits and Safety Measures

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 E':‘;;"" _ Connection of various
home. Safety measures protect agamst ‘ ' g b i
electrical hazards.

elal

Household Circuits:
In a parallel circuit, every appliance like

our refrigerator, bulbs, or TV ge
' connettion
e~ works * l iy

direct connection to the p

parallel circuits, each \a

independentWQm OFF the lights Fig. 16.19: Household circuit

in the kitchen Without 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.




Hazards of Electricity:

" Cotnmon electric hazards occur due to: B 1 @W@ QCQ@E@

w

1. Malpractice: o @&“
~ Malpractice (incorrect use r l@ aihtenance, and they can lead to serious
accidents like shocks, ﬁrngrwﬁtal ities. ‘
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 more
current than they are designed for, causing them to heat up and potentially start a fire.
4. Overloading: -
Overloading is a common issue plugging to0 many devices into a single socket.
extension lead, or power strip can draw €Xcess current, overheating the circuit and

causing fires. €©
0.22: What safety measures can e taken M@%ﬂiciﬂ?
W

Ans. Fuses and trip switches \J Surface-mount

; low-chm reistors Deifuse
breakers) are essenti es to ’ r p Ted -
avoid these hazards. W S il / -

ses 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, like an overload or
short circuit (Fig. 16.21). Both devices are
' connected to the live wire of the circuit,
ensuring that the entire circuit is switched
OFF safely in case of 2 problem. One of the
most critical safety features in a circuit is the

earth wire. If a fault oceurs su%s a li

wire touching a metal casing, th

provides a |ow-rew_a
current to flow safely into the ground.

Fig. 16.24: A trip switch
This prevents the casing from becom‘ﬁgg live and triggers the fuse or trip switch to
cut OFF the power. This is why the outer casing of an electrical appliance must be either
non-conductiﬁg (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 machines, are connected to the earth wire for safety.




The live wire (linecy
from the power supply;

Main Circuit Wires: ‘ @@YX\N Neutral
" A typical main citcuit consists of m O iy
| i ire (linecy ecurrent| | S TN

wire, which completes

the circuit; ar \PFJWII'C which provides a safety path ‘ -
for fault currents (Fig. 16.22). - Fig. 16.22: Main circuit wires
" Hazards of Electricity: '

I?espi.te these saf-ety measures, . \\‘\f.;\.
electric shocks can still occur, and | — O~ == =
they can be extremely dangerous. g "':""'“" : LD"I
When glectrlc.:lty passes through the i L A
human body, it can cause burns at the /\-’\
-entry anc! exit points. More serlou'sly, TR S VMQ
it can disrupt the body's electrical /A\
signals, leading to cardiorespiratory s @ﬁm A\/mmm

~ failure (where the heart and lungs <) ‘ gy :
working) or seizures. This-i istor Buzzer Inductor
proper safety mechani % és, Fig.16.23: Symbols of various electrical components
circuit break rthing are so important which help to prevent accidents and

protect lives. The symbols of various electrical components are shown in
Fig. 1623, :

DO YOU KNOW? \3

In electrolysis, current is prbduced 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.

Vg@d@@ Ve

VOLTAGE :
The electromoiwhe types of energy Voltage is the difference in electric potential
which forces a unit positive charge to move lbgtwee'n two points. The voltage between two
from the positive to the negative terminal of points is equal to the work done per unit of
the source. It separates the two charges from charge against a static electric field to move a
each other. test charge between two points.

Tidhits  \

In any circuit, electic current prefers the path of least resistance, just like water flowing downhill.
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Birds are safe because both their feet touch the same potential wire.n@ifference, SO
o}

no current flows through their bodies. : e r\m

Power bills measure energy, not electri t)(//gu\ \@@ﬁ@ﬁ%w Kilowatt-hours (kWh), a measure
n%'g‘\ AL ‘

of energy used, not electricity consu

= % \JU\)‘/
Brain Teaser NGNS

1.  Three identical 3V cells are connected is parallel. What is the total e.m.f 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. s : : ' '
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? : : ‘ 3
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 x 1 hour = 100 Wh

For 100 W ; E=1000W x 1 hour = 1000 Wh : anl Y
3. Why can a tiny device like a smartphone charger tri @@W)ﬁ%ﬁmething goes
wrong? : Q-

Ans. A tiny device like a smartphofie in switc because the problem is not its.
size, but the fault it create device can trip the main switch because a fault can
cause hea g Lmﬁ.lﬁ\e safety system responds to protect the circuit. :
Imagine your home has no Earth wire. What could happen if the live wire touches the metal
. - body of an appliance? . : : ;
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.

m 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? ‘ ;

4,

Solution: L - B
Given that; W=120J, Q =20C
To find; LN =7 B e s

" Using the formula; V=W/Q
~ Substituting the values; V = 120 J /2
Two resistors of 8 Q ab(gé "‘V“ Ji
supply. Calculate | \resista
~ supply.
Solution:
Giventhat; R, =8 Q, R, =24Qand V=30V
Tofind; R,=?and1=? > »
Using the formula for parallel resistance: 1/R; = /R + 1/R,
Substituting the values; 1/R, = (1/8) +(1/24)
1/R, = (3/24) + (1/24)

A¥colk

: in parallel across a 30. V power




I/R,=4240rR,=24/4=6Q _ GO T

: @&
Now, we calculate total current by usmg)()hg Té\xi /o \o@
(BR=
5

[=V/R
- An alummlum wire 53 Q\ﬁ m, a cross-sectional area of 3 x 10~ %
and a resns f 103Q m. Calculate its resistance.

Solution: W

" Given that; Resistivity p=2.82x10%Qm
Length - L=15m,A=3x10%m?

To find;

Resistance R = ?

Using the formula: R=p (L/A)

Substituting the values
R=(2.82x108Qm)x(15m/3 x 10°m?
R=(2.82 x 10-8) x (5 x 109)

R=0.141 Q
The resistance of the wire is 0.141 Q @@m

Calculate the one-month cos Q% fan for 10 hours daily in
your room. Assume nit is Rs 25 :
Solution:
Given that; Q[@MN{] =100 W=0.1 kW
ime 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 x Price per unit
=30 x 25 =Rs. 750

= Objective Type Questions

Multiple Choice Quesnons prepurpﬂ in f"e Im'n of new Exummuhon Te(hmques
(Knowledge, Underst? nd.nq, Appti ._atnon, Analytical & Conceptual)

Electric Current

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




10.
11.

12.

1%

14.

15:

‘16.

. gl'eiai;pherev' (41 A) i{::ul;:) en ﬁ@@@WQQ

' The energy used by a component i

Electric current is represented by:

oot

i)
(a) 1Cs™! WW (c) —1A (d) =ms™!

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

(a) Conventional current i (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? 3

(a). direct current : ~ (b) alternating current '

(c) conventional current (d) non-electronic curr @m
‘Which types of current is produced by (ga istan :

(a) alternating current nt

(c) conventional current O&@ )—electronic current

In circuit, electri K’l which path to flow? '

(a) High resita b) median resitance (¢) least resistance (d) none of these

16.2 Electromotive Force and Potential Difference

SI unit-for emf and pote:itial difference is: :
(a) Watt ~ (b) Joule (c) Ampere (d) Volt
If 1 Joule of energy is used to move 1 couiomb of charges, the voltage is called:

(@) Swolt =~  (b) 10valt (c) 1 volt (d) 0.5 volt
Thermocouples convert thermal energy into: ' '
~ (a) mehanical energy (b) electrical energy

(¢) chemical energy | (d). light energy

e.m.f of a battery can be measured directly by the use of whic Wr‘?.
(a) Ammeter ~ (b) Voltmeter . ‘ ana g,f,@ ¢ of these

Y K

(a) Voltage ; Q mm Pontential difference
(¢) Electrical W O“ (d) All of these
In a series co tion, what will be the effect on total e.m.f?

 (a) increased - (b) decreased (c¢) not changed (d) moderate

Ohm's Law presented by: ' : .
(a) Newton - a2 (b) Alexander fleming

(c) George Simon (d) Ruther ford




17,

18.

19,

20
(a) Bigger (b) Smaller

21.
08

23.

24,

28.

26.

217.

28,

29,

e s el el I L2 (T fal m
)u\) M

uctor) is: @ O@
@)

The unit of R (restance of a cond
(a) Ohm ‘

(d) Volt

(a) paralle | (b) series - (c) botha&b (d) none of these
i 16.5

The factor which effect the resistance is: e ‘

(a) pressure (b)_temperat’urc (c) catalyist " (d) all of these

| 16.6 Potential Divider Circuit
A potential divider is a circuit that divides voltage into parts: ;
- (¢) Moderatc : (d) Nano

MLIAE  Resistor Colour Codes

The resistor éoloui' codes is a Sy te%@nwhich indicates:
)

(a) resistance_ (9)tole otha&b (d) current
- As the temperatue incs m esistance of NTC thermistor: :
O

(a) increase chage 1 (c) decrease (d) moderate
LDR stand ' '

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

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

16.9 . Electric Power

The amount of energy delivered 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 energy is: ‘
(a) Miliwatt-hour (b) Kilowatt-liour (¢) Mili wa -850\ @ owatt-min

el
ILALY Household Cir
Which circuit is more rafe

(a) parallel
Which are t

(c) botha&b  (d) none of these

(a) Malpractice (b) Damage insulation

(c) Over heating v : (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:

; @ Two (b) Three (c) Four | (d) Five




30. Whlch wire carry the curent from the power sup ?
| (a) Neutral wire  (b) Earth wire . ® Q)\@ﬁﬂé J %) None of these

, \\ &\)\flu)
) ey Nﬂ §l \zf{\ Gy 5. @ @ O 7 O

g W 9% ¢ 6 1LEe e B®mse
12 ) 16 ®) Tk @) 08 @19, (b)) 20by el (<)
22 () 23 W) 2 @ 250 36 @) 21 (4 28
29. (b) 30. (c) '
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Short Answer Questions prepared in the light of new Examination Techniques
(Knowledge, Understandmg, Apphcatlon, Analyttcal & Conceptual)

ﬁ@ﬁé&c deals with the flow of charges. The
t

s in flow of electric current which illuminates our

1. What is electricity?
Ans. Electricity is a branch
movement 0
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 L.

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

Ans. Direct current

@) Direct current is ¢ elecﬁ\;c (i
current where t@?@\@:

Alternating ¢ _'!unt

g atit current is a type of
current that periddicaily reverse its

charge ection direction. :
(i) In DC'circuit, the voltage|(iij) 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.
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5. Draw figures which represent AC and DC. Dlw@r@@m\)

Direct Current
88 (D.C) ' ﬂﬁ(\f }@

-

+
(a)
Alternating Current *

(A.C) 3
R : 2

AAA
WW

SRR
g

(b)
. ST
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 dlga :

Ans.

Analogue Ammeter f Digital Ammeter
! e

() An analogue \'ﬁ a i) — A digital Ammeter provides a
needle and s m the numerical reading of the current an
CUWM Q a display.

(i) It is'typically 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

R

* t0 a unit positive charge
ented by E. It's unit is volt.

9. Define e.m.f. _/
Ans. Electromotive force is the energ

when it flows through th§§ gﬁd} é
&\ ;

19
10. Define pote lal dlfference (Electrlc 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)

W
V==

Q




11. What is the role of volt meter?
Ans. Voltage can be measured using a device call mete : iCr@ as two types:
(i) Analogue voltmeter (ii i

digital voltmeter?

Digica! Voltmeter

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.

o

14. What is Ohm's Law? ' @ @ '
Ans. The current flowing through a condugcto % nal to the potential
difference V across its two ﬁm{g&@wm@: the physical state of the
conductor remains sam %
lecV W%MO e

1

[ o

~| < =

=

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 nQ
voltage difference, so no current flows through their bodies.

B Electrical Resistivity

-

16. Define resistance. ~\ @O@@m |
Ans. The opposition to the flow of electﬁ@@@@ resistance. Resitance is

" represented by R. %
R ‘ \NW i
e NN VR e
L
. R = ——
Formula: P A

17. Why resistance increases in filament lamp while increases the temperature.

Ans. In filament lamp, when the temperaturé of the filament increases, its resistance also -

increases. This occurs because the filament is made of metal, and metals have free




18.

: ‘Ans.

19.

Ans.

20.

Ans,

ks
Ans.

Ans.

electrons that causes the flow of electric current. While increase
vibration of atom also i increases. These vibrations r@a

electrons. As a result resistance mcrea . \Qm‘:\ E

ent of

ke

What do you know a'

circuit? '
A potential divider is a circuit that divides a|
voltage into smaller parts using resistors. It +

consists, of two or more resistors connected i v
series across a voltage source.

16.7 Resistor Colour Codes

Write uses of negative temperature co-efficient (NTO) therﬁ \i o@@m

As the temperature increases, the resistance of the decreases. This
makes its useful for applications where re need to be detected.

NTC thermistor our commionly use inﬁ -ature sensing circuit.
i. Temperature sensors i devices. ,
il. Over current protections in power supplies, where the thermistor can limit

current based on temperature changes.
Write few applications of LDRs. :
i. Street lighting that automatically turns ON when it gets dark.
ii. Brightness sensors in cameras that adjust exposure based on amblent light

levels
| 16.8 Common Use of Electricity

Write few uses of electricity.

i. One of the most common use of electricity is heating, which keep, us warm.
ii. Another important use is battery charging, which charge ou s,@@t%@
[@aYe)

and electric vehicles. \ % {f I& z :

iii. Electricity is the backbone of electro; :c omputers televisions

etc.

Define electric power. :
Electric power is the rate at which electrical energy is transferred or consumed in a -

cnrcunt It is denoted by P.
sl b R (1)
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Putting eq (ii) in (i)

P=IR K@@@W

OV

23. What is Joule's Law? m
Ans. The heat energy W istance is proportional to the square of the
current, the resistan the time in which the current ﬂows :
Methamatically:
H=IPRT
{H=P xT P=1R

24,

Ans.

25

Ans.

26.

Ans.
_contain a thin wire that melts due to flow of high current. As a result, breaking of

27,

Ans.

l A. Multiple Choice Questions |

Tick (v) the correct a

16.1

Why it is important to choose suitable power components of clrcult"
When designing circuit, selecting components with right power ratings ensures
safety, rellablhty and efficiency.

WALl Household Circuits and Safety Measures

Write few hazards of electricity.

Following are the main hazards of electricity: @ @ m
i. Malpractice or lack of maintenance. @W

ii.. Damaging insulation Wthh Wﬁd

iii. Overheating potentlall

iv. Over landing i gie socket lead to overheating and causing ﬁres

What is the role of fuses and trip switches?
Fuses and trip switches are essential safety devices to avond electric hazards. Fuses

the circuit stops the flow of electricity.

‘What are the roles of different wires in a circuit?

Live Wire: The live wire (line wire), which camcs 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.

= Exercise Questions (Solved)

800000088 F0SOERGRS

nswer. Q |
The direction of W}Wﬂ 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 dlrectlon

16.2 What type of electric current flows in one direction only?

16.3

(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) wattmeter
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16.4 What is the function of an electromotlve for W@)

(a) To reduce resistance in th ci ’a ey
(b) To provide ener ugh the circuit
(c) To store electn a ater use - ‘

in a circuit?

(d) Toc fica energy into mechanical energy
16.5 The relat ship between voltage, current, and resistance is:
(@ 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 S ~ (d) It becomes zero

161(b) 162 (b) 163(b) 164(b) ,16.5-(a) 166 (c)

Q72"
ected in series with the Cll‘CLllt

: iis) librated reading of the current.
16.2° What is the m diffe pe between direct current and alternatmg current?

Ans. An ammeter measurea electric

16. 1 How does an. ammeter measure electgc c

»r..AAns. ; nnttt current Alternating current

~ |(i) Direct current is an electric|(i) 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. ‘
: (m) The frequency of DC is zero (m) The frequency of AC i is 50 hertz (Hz)

: 16 3 Define electromotive force (e.m.f.).
Ans, Electromotive force lS the energy supplied by a, battery to a unit positive charge
when it ﬂows through the closed circuit. Tt i is represented by E, Immt is volt.

%@@@@W@ S

Ans. Ohm's LW states  that the current through a conductor between two

points is . proportlonal to the voltage across the two pomts and mversely 1

- proportional to the resxstance between them. e ‘
Mathematlcally, ohm's Law is expressed as: V = [R :
Reswtnv:ty Resistance of a cub:c metre of a material is called res:stmty

RP(L) el Tedlaloni e
le A s - .‘ 3 1




' 'IG&WM is the formula for calcu!atmg the equiv l ‘@Q\&W resnstors

connected in series?

Ans. When resistors are conneg a rcsnstance is the sum of the
individual resistances. %m
If resistors le are connected in scnes the equwalent resistance (Req)
is given by '

R =R +Ry + Ry + ...
16.6 How does temperature affect the resistance of a conductor?
Ans. As temperature increases, the resistance of a conductor generally increases.

sponse Questions
16. 1 Why is it important that an ammeter has very low resistance and is connectcd
in series, while a voltmeter has very high resistance and is connected in
parallel? What would happen if they were connected incorrectly? |
Ans. An ammeter needs very low resistance to avoid lmpedmg current flow and is
' connected in series to measure the total currcnt A v very high
resistance to avoid drawmg currec and) el to measure the
, potential difference accur nne ed in parallel, it creates a
s Shott 'circuit'. If a voltme m series, it significantly mpedes current
flow. W ‘
16.2 If a copper wire is replaced with an aluminum wire of the same dimensions,
how would the current and power consumption change in the same circuit?
Explain using the concept of resistivity.

Ans. When a copper wire is replaced with an aluminium wire of the same dlmensmns
both current and power consumptlon will decrease. :

Vv

lAccording to _Ohm's Law I=E , if the voltage (V) of ;hé circuit the same, the

current (I) is inversely proportional to-the resistance. Since the aluminium wire has
a higher resistance, the total current in the Cll‘Clllt will decrease. |

It you talk about power consuﬁptiqn it can -é | : %l) @@m

ption of the circuit will decrease

that measures how strongly it opi)oscs the flow of electric current. -
Copper has a resistivity 1.68 x 10-8 Q at 20°C.

Aluminium has high resistivity 2.82 x 108 Q at 20°C.

RA

P




Ans.

ii.

iii.

iv.

16.4

rAns.

ii.

iii.

In a house hold lighting 1r 4t

‘16 3Ina household llghtmg circuit, what practl b@\%lﬁht anse lf the

bulbs were connected in series instead \g
i
parallel conﬁguratlon 5‘3 g Ving major practical issues:

In a series me current flows through all components. If one bulb falls
(e.g., the nt breaks), the entire circuit is broken, and all the bulbs will go 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 connectcd to the full voltage.

Adding more bulbs in series increases the total resxstance of the cnrcuat further
reducing the current and making all the bulbs even dlmmer ‘

Troubleshooting a series circuit is difficult. If one bulb is not workmg. it can be
hard to identify which bulb is the problem, as all the bulbs will be off.

parale

bs in senes rather_ than the standard

You are tasked with designing a fuse for a device that operates at 230 V and :

S A. What rating would you choose for the fuse and wthhat could go
wrong if the rating is too low or too high? ;

i. The fuse rating should be sl'htiﬁ&@ rmal operating current to
avoid nuisance trlppm@ bloy urmg normal operation). A fuse rating

too close to the 0
fluctuatio

A suitable fuse ratmg would be 6A. This allows for a small margin above the
~normal operating current of 5A. | : \

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.

iv.

- 16.5

~Ans.

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

This could allow excessive current to flow, potentially damagmg the device or
causing a fire hazard. ;
Explain why A.C is more sultable for power transmlssmn Ss cities, even
though D.C is used in batteries and portable eleetr (@@@R&)

c : anged to different voltage

1. Easy Conversion of Voltage: A -.%\\.; §
levels using transforw "‘ oltage is much more complex and

expensive.

2. Low ene : By increasing the voltage for transmission, we can lower the
current. Since energy lost as heat is calculated as Py, = I°R, a lower current (I)

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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l D.Comprehensive Questions W@o | |

16.1 Explain the concept of electric curr - @u ated to the movement of
charges, and how is it m m 1i? e ' '

-Ans. See Answer Q. # 2, 3 % Sl :

16.2 Define elect 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 (. # 5, 6. ' da

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 Q. # 9.

16.4 Differentiate between series and parallel combinations‘(')f resistors. P‘vaidc
mathematical expressions for calculating the total resistance in both types of

circuits. 2 :
NJRLT
: @@ does it depend on the

Ans. See Answer Q. # 10, 1 1. -
e play in changing the resistivity of

L]

16.5 What is meant by resistivity o
material, and what role does-t¢
conductors and semi ;

Ans.
| E. Numerical Problems ¢ \
16.1 A charge of 25 coulombs passes through a circuit in 10 seconds. Calculate the
current flowing through the circuit. ro '
Ans. Given '
' Charge=Q =25C
Time=t=10s
To find:. current=1]= 2

-

Formula: | = T

M o ey Aveoll
i 2 Ao/

=25 A g :
Thus, current flowing through circuit is 2.5 amperes. : -
16.2 Three resistors of 40 ,6C, 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, =4Q) :R,=6Q :R,=80Q

g.

‘\.




"Voltage V =24V

To find: RT | ' %{@ @ @@W@O@@

Formula:
~ Total resis W@\g&)
0 - g

R
Solution:
Tota! resistance = R,+R,+R,
: 3. 4(2 +6Q + 80
Ry = 18Q
using Ohm's Law
Z
1= R, m
24V ; ©
1—180"1.33A o @@ @@ ;
16.3 Two resistors of 100 4 £ ‘ s in parallel across a 20 V power

and the current drawn from the. power

supply. Calculate th ‘ {
supply. - WO
Ans. Given: R, = , R, =30Q

To find:
Total resistance = Ry = ?
Current=1=7
Formula:
Total resistance in parallel
] ] 1

— = e

R, - R, R,

e e

T T | O

Solution: prd i @ @@W@o

| 30

L A .
K. 3 .10
Rog= =95




R, =750

Current drawn from power supply.

g % @)
I= ';% = 2.67A %&me@@W =

1=2.67A e

16.4 Four 1.5 V batteries are connected in series in % lhshhght Determme the total
electromotive force (e.m.f.) ulpphed to the circuit.

Ans. Given: number of battries = 4 :

To find: Voltage = 1.5V

Total em.f=2?
Solution:
Towle.m.f=V x p
¢ =1.5Vx4
. Total e.m.f= 6.0V :
16.5 A circuit has 2 5 A current p:ming thmgh a7
power dissipated in the resistor and the energ -
Ans. Given:

Current = | = SA “@KXB
Resistance =R = 7 “
Time=t= IW

To find:

Power dissipated = P = ?

Energv consumed =E=?
Solution: ;
Using Formula P = I2R ,
and E=P x ¢ : )
Now P = |2R ,
By substituting values

P=(5A)y x(7Q)

P=(25x7)W

P=175W ' @ @ m

B g JAGE

@@m‘akuhu the

"in 10 minutes.

.a,

By substituting values
E =17 W
=105

E=105k) | U0




