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About the Student Support Material

The Student Support Material (SSM) for Class XII Physics has been developed for the academic session
2026-27 under the guidance of Kendriya Vidyalaya Sangathan (KVS), Headquarters, New Delhi. The
responsibility for preparing this material was entrusted to the KVS Zonal Institute of Education and
Training (ZIET), Mysuru.

To ensure quality, accuracy, and student-friendly presentation, ZIET Mysuru collaborated with
experienced Physics teachers from various Kendriya Vidyalayas across different regions. Their
collective expertise has helped in developing a comprehensive, well-structured, and examination-
oriented resource for learners.

The SSM has been prepared in accordance with the latest CBSE curriculum and assessment framework,
the National Education Policy (NEP) 2020, Competency-Based Education (CBE) principles, and
NCERT learning outcomes. It aims to strengthen conceptual understanding, scientific reasoning,
problem-solving skills, and the application of Physics in real-life situations.

The material has been organized systematically to make learning engaging and effective. Each
chapter generally includes:

* Infographics

* Important Definitions, Laws, and Formulae

* Solved Numerical Problems

* Multiple Choice Questions (MCQs)

* Assertion-Reason and Case-Based Questions

» Competency-Based Questions

* Short and Long Answer Questions

* Practice Exercises and Revision Material

Special Features

v Simple and student-friendly language

v/ Emphasis on conceptual clarity and scientific thinking

V' Step-by-step solutions to numerical problems

v Real-life applications of Physics concepts

v Competency-based and examination-oriented questions

v Logical and systematic presentation of content

This Student Support Material serves as both a study guide and a learning companion. It encourages
inquiry, critical thinking, and independent learning while helping students prepare effectively for
classroom assessments and examinations. Regular use of this material will help learners develop
confidence, strengthen their conceptual foundations, and achieve academic success in Physics.

We hope that this collaborative effort by KVS ZIET Mysuru and participating Physics teachers will
significantly benefit students and contribute to their academic growth and scientific temper.
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How to Use this Student Support Material (SSM)

Welcome to the Student Support Material for Class XII Physics. This resource has been
carefully designed to help you understand fundamental concepts, strengthen problem-solving
skills, and prepare effectively for school examinations and future competitive pursuits.

Best Practices for Effective Learning
To make the most of this material, follow the steps given below:

* Build Conceptual Understanding: Begin by reading the concept notes thoroughly and
focus on understanding the physical principles rather than memorizing facts and formulae.

* Learn Key Definitions, Laws, and Formulae: Familiarize yourself with important terms,
laws, principles, and mathematical relationships presented in each chapter.

* Practice Numerical Problems: Solve the worked-out examples and numerical questions
regularly to develop accuracy, logical thinking, and confidence in problem-solving.

« Strengthen Analytical Skills: Attempt competency-based, application-oriented, and case-
study questions to connect Physics concepts with real-life situations.

* Revise Systematically: Use concept maps, infographics, and chapter summaries for quick
revision and reinforcement of learning.

* Evaluate Your Understanding: Solve MCQs, short-answer, and long-answer questions to
assess your preparation and identify areas requiring further attention.

* Discuss and Explore: Engage in discussions with teachers and classmates to clarify doubts
and deepen your understanding of concepts.

Versatile Usage

This SSM can be effectively used for:

* Daily Classroom Learning and Homework

* Unit Tests and Periodic Assessments

* Half-Yearly and Annual Examinations

* Revision and Self-Assessment

* Strengthening Foundations for Higher Studies

Regular and sincere use of this material will help you develop conceptual clarity, scientific
reasoning, problem-solving abilities, and confidence in Physics. Most importantly, it will
encourage you to view Physics not merely as a subject but as a way of understanding the
world around you.

Happy Learning and Best Wishes for Your Success!
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CHAPTERI1:
0

Electric charge
is a fundamental

propepty of
matter- é

1 NATURE OF ELECTRIC CHARGE

ADDITIVITY OF CHARGE

TWO TYPES OF CHARGE

Met charge of a system is
the algebraic sum of all
individual charges.

@0
@ @-e

@ Positive (+) (T Megative ()

Like charges repel,
unlike charges attract.

e -— e &
—@ — —@ -

CHARGE IS QUANTISED
Charge accurs in integral
CHARGE IS CONSERVED multiples of e.

q = ne
In an isolated system, e =16x10"C
tatal charge remains

constant,

INVARIANCE OF CHARGE
Charge is invariant

under change of

frame of reference.

Electric flux through a surface Is the measwre of the
number of electric field lines passing thraugh it.

A
@, — E . A = EAcosé a/'

Whare,
« A = Area vector (perpendicular to surface)
+ 8 = Angle betwaen E and A
FLUX DEPENDS ON SPECIAL CASES
« Magnitude of E g =0 8 = 900 Acbitrary 8
~  Area of surface (A) (hlmirsem fles) (Zero frax)
«  Orientation (8) E D

@, = EA @ =0 @y = EAcoad

o APPLICATIONS OF ELECTRIC FIELD

Remove smaoke and dust
particles from
industrial gases.

Uses electric field to
attract toner particles.
to paper.

ﬁ Farmulae to
remember,

concepts to
congquert

1. COULOME'S LAW

Farce betweon two point charges.

ELECTRIC CHARGES AND FIELD

CLASS XII PHYSICS — CONCEPT MAP :

1z

= The electrostatic force between two point charges
is directly proportional to the product of charges
and inversely proportional to the square of the
distance between them.

= Force acts along the line joining the charges.

1 G1g=2
Fiz = — = T
ane,
Whars,
£p = B.854 x 1072 €7 N m* (Permittivity of free space}
F—

42 = unit vector from g, © gy

KEY POINTS
v Feaq
v Fu

«  Force is equal and opposite on both charges.

[ 5_GAUSS'S LAW J

The total electric flux thraugh any closed surface
times the total charge enclosed,

fﬁ-dﬂ‘:

: !
is qual to. -
Genc

€o
MEANING

= Electric flux through a closed surface depends only
on the charge enclosed, not on the shape or size of
the surface.

APPLICATIOMS (for symmetric charge distributions)

Sl [} o &

O ineimite Line Charge Lo

Zmegr 2eq
tradilaly oun (parpandicler
: = o sheot) R = e, O = oral charge)
Lightning WVan de Graaff Generator

Builds up very high
<charge to produce
strong electric fields.

3. ELECTRIC FLUX

Electric flux thraugh a surface.

Deflection in CRT

Z : 4‘$@

Due to large charge
separation between
clouds and ground.

Eleetric fiald deflects
electron beam in
TV/monitor screens.

ELECTRIC CHARGES AND FIELD

CLASS X1l PHYSICS — FORMULA SHEET

2. ELECTRIC FIELD

Electrie field intensity.

CIHAPTER AT A GLANCE @

Electric charge

= Coulomb’s law

= Electric fiold

Electric field lines

Electric flux & Gauss's law
Cenducters

Applications

.

ELECTRIC FIELD IMTENSITY (E)

Electric field at a point is the force experienced
per unit positive test charge placed at that point.

R
Go

B ELECTRIC FIELD LINES
£= SI unit : NJC
+ Originate from + charge
and terminate at - charge
FIELD DUE TO A POINT CHARGE (or at infinity).

5 + Tangent at any point gives

o sg g divection of E.
ane, r? '

* Do not intersect.

(radially outward
for +q and
inward for ~q)

= Closer lines =
stronger field.

FIELD DUE TO A SYSTEM OF CHARGES
E=EFE +E; + E; + ...

(Principle of superpasition)

6 CONDUCTORS
IN ELECTROSTATIC EQUILIBRIUM

+ E = 0 inside the conductor

s the
Excess charge resides on the outer surface

Surface of a conducter is an equipstential

O LR

Electric field just outside surface is perpendicular
1@ the surface

CHARGE RESIDES OMN SURFACE CHARGE DENSITY (o)

Charge resides on the surface in
such a way that there is no
edectric field inside.

Charge per unit area on

the surface.

-t 4

+ +

+ T+ +

+ +

+ +
+ + + +

Charge is conserved and quantised.

Couvlomb's law governs the force between charges.
Electric field represents the influence of charge.
Fiald lines visualize the electric field

Gauss’s law is a powerful tool for symmetric cases.

(@) KEY TAKEAWAYS
e
o
-~
o
s
o

In cenductars, charge resides on the surface and
field inside is zera,

IMPORTANT COMSTANT
£ = 8.854 x 107" PNV m?
(Permittivity of free space}

4. GAUSS'S LAW

Tatal alectrie fux through any
closed surface. .

5. CONDUCTORS (IN ELECTROSTATIC
EQUILIBRIUM)

ah =2 = = =
._®_____ E = — P = E. A = EAcos@
Fyz Ta
S4 unit : NSC SPECIAL CASES
Fpa 1 Tigz FIELD DUE TO A POINT CHARGE Conditian Flus (B}
dme, 12 =
g 1 9 = 8 = 0" (E paraliel 1o A} EA
VECTOR FORM e, r?
8 = 907 (E porpendicular to A) 0
£l 1 digy : FIELD DUE TO SYSTEM OF CHARGES )
1 - . = -
AXE, 2R R RS Arbitrary 8 EAcos®
KEY POINTS
. Fog g PROPERTIES WHERE

« Faorce is abang the lne jaining charges.
* Equal and opposite on bath charges.

DIRECTION REMINDER

of E direction = direction of force
on positive test charge

—@——a—

= Radially cutward for + charge

= Radially inward for - charge

= Direction of E is the direction of force
= on +ve tes: charge,

A = Aroa vector [perpendicular 1o surface)

8 = Angle betwesn E and A

FIELD LINES SUMMARY
E + Originate from + and terminate at - for infinity).
+ Closer lines —= strongar fiald

& E = 0 inside the conductor
f E.df = Henc + Potential is constant throughout
£o + Charge resides on the outer surface
SYMMETRIC CASES (RESULTS) ~ Surface is an equipotential
(i} Infinite Line Charge (1) ~"  Electric field just outside the surface
A is perpendicular to it
2regr
N bifintce Plima Taest (O] JUST OUTSIDE SURFACE
a
= 2eq E = o
(i) Spherical Shell (Radius R, Charge Q) Eg
o, r< R
E = E G o WHERE & = Surface charge donsity
FET
REMEMBER

v Field is a vector quantity.

+ Do nat intersect.

Y

«  Gauss's law depends only on charge endosed.

v Use symmetry to apply Gauss's law easily.
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MULTIPLE CHOICE QUESTIONS

For Aspiring DOCTORS

Q1. Two identical charged conducting spheres A and B have their centres separated by a certain
distance. Charge on each sphere is q and the force of repulsion between them is F. A third
identical uncharged conducting sphere is brought in contact with sphere A first and then with
B and finally removed from both. New force of repulsion between spheres A and B (Radii
of A and B are negligible compared to the distance of separation so that for calculating force
between them they can be considered as point charges) is best given as:

NEET 2025
(a) 3F/ 5 (b) 2 F/3 (c) 2F (d) 3F/8

Q2. A thin spherical shell of radius R has charge Q spread uniformly over its surface. Which of
the following graphs most appropriately represents the electric field E(r) produced by the
shell in the range 0 <r < oo, where r is the distance from the centre of the shell?

(a) A graph showing E constant inside the shell.

(b) A graph showing E = 0 for r <R and E decreasing as 1/1* for r > R.

(c) A graph showing E increasing linearly inside.

(d) A graph showing E decreasing linearly outside. NEET 2024

Q3. An electric dipole is placed at an angle of 30° with an electric field of intensity 2 X 10° N
C'. It experiences a torque equal to 4 N m. Calculate the magnitude of charge on the dipole,
if the dipole length is 2 cm. NEET 2023
(a) 8mC (b)2mC (c) 5mC (d) 7mC

Q4. A spherical conductor of radius 10 cm has a charge of 3.2 x 1077 C distributed uniformly.
What is the magnitude of electric field at a point 15 cm from the centre of the sphere-?
(a) 1.28 x 10* N/C (b) 1.28 x 10° N/C (c) 1.28 x 10° N/C (d) 1.28 x 107 N/C NEET
2020

Q5. Polar molecules are the molecules: NEET 2021
(a) having a permanent electric dipole moment.
(b) having zero dipole moment.
(c) acquire a dipole moment only in the presence of electric field due to displacement of
charges.
(d) acquire a dipole moment only when magnetic field is absent.

For Aspiring Engineers
Q6. Given below are two statements:
Statement I: If the net positive charge of a closed surface is zero, then the net electric flux
through the surface is zero.
Statement II: If the electric flux through a closed surface is zero, then the net charge inside
the surface must be zero.
Choose the correct answer: JEE Main 2023
(a) Both Statement I and Statement II are true.
(b) Both Statement I and Statement II are false.
(c) Statement I is true but Statement II is false.
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(d) Statement I is false but Statement II is true.

Q7. A point charge of 2 uC is placed at the center of a cubic Gaussian surface of side 10 cm. The
net electric flux through the surface is: (€0 = 8.85 x 1072 C> N' m?)
(a) 2.26 x 10° N m?*/C (b) 1.13 x 10° N m?/C
(c) 4.52 x 10° N m?*/C (d) 0.56 x 10° N m?/C JEE Main 2022

Q8. Three charges +Q, q, +Q are placed respectively at distance 0, d/2 and d from the origin on
the x-axis. If the net force on +Q placed at x = 0 is zero, then the value of q is:

JEE Main 2020

(a) +Q/4 (b) -Q/2 (c)-Q/4 (d) +Q/2

Q9. An electric dipole is formed by two charges +q and -q located at (0,0,d) and (0,0,-d)
respectively. A third charge +Q is kept at (L,0,0) where L >> d. The force on the charge +Q
is proportional to: JEE Adv 2023
(a) /L2 (b) 1/L2 (c) I/L* (dL

Q10. (Multi-correct): A disk of radius R with uniform positive surface charge density o is placed
on the xy-plane with center at origin. The Electric potential V and electric field E at point

(0,0,z) are given. I[f R — oo, then JEE Adv 2022
(a) E=0/2¢0 (b)E=0/%0
(c) V is proportional to z (d) V is independent of z

For Practice

Q11. Two identical point charges are placed in a laboratory vacuum at a distance r. If a
technician moves them closer such that the new distance is exactly half of the original,
how does the electrostatic force of interaction change?

(a) It reduces to one-fourth. (b) It reduces to half.
(c) It increases to double. (d) It increases to four times.

Q12. Two charged metallic spheres are suspended in air and experience a force F. If the entire
setup is lowered into a tank filled with a special insulating oil having a dielectric constant K
= 4, the new force between the spheres will be:
(a) 2F (b) 4F (c)F2 (d) F/4

Q13. A hollow spherical shell used in a Van de Graaff generator is given a positive charge of 10
uC. A student measures the electric field at the exact geometric center of this 2-meter radius
sphere. The reading on the meter will be:

(a) Zero (b) 5 x 10* N/C (c) 20 x 10* N/C (d) 10 N/C

Q14. An electric dipole (like a water molecule model) with charges 2 x 107¢ C separated by 2
cm is placed in a uniform atmospheric electric field of 5 x 105 N/C. The maximum torque
experienced by this molecule to align itself with the field is:
(2) 0.0 N'm (b)0.02N'm (¢) I x10*N'm (d)2x102N'm

QI5. For a short electric dipole, the electric field strength at a distant point P on its longitudinal
axis varies with the distance r from the center as:

(@) E x1? (b) E « 1/r2 (c)Exr3 () Ex 1/

Qle6. If E_axial represents the electric field of a short dipole at a distance d on its axis, and E
equatorial represents the field at the same distance on its broadside-on position, the correct
relationship is:
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(a) E axial = E equatorial (b) E axial =2 E equatorial
(c) E equatorial =2 E axial (d) E axial = 1/2 E equatorial

Q17. A tiny dust particle carries a charge q and is trapped exactly at the center of a cubical box.
According to Gauss’s Theorem, the electric flux passing through only one of the six faces
of the cube is:

(a) q/eo (b) /60 (c) 69/eo (d) Zero

Q18. Two small identical metallic balls having charges q and — 2q are kept far at a separation r.
They are brought in contact and then separated at distance r /2. Compared to the initial force
F, they will now : CBSE 2026
(a) attract with a force F/2 (b) repel with a force F/ 2
(c) repel with a force F (d) attract with a force F

Q19. In a region of space, electric field lines are observed to be curved and their density varies
from point to point. This indicates that the electric field in that region is:
(a) Uniform in magnitude but varying in direction.
(b) Uniform in both magnitude and direction.
(c) Non-uniform in both magnitude and direction.
(d) Zero throughout the region.

Q20. Which of the following is a fundamental property of electrostatic field lines that helps

distinguish them from magnetic field lines?
(a) They always form closed continuous loops.
(b) They can cross each other in a strong field.
(c) They start from positive charges and end on negative charges without forming closed
loops.
(d) They are always parallel to the surface of a conductor.

Q1. New force = 3F/8. Ans: (d). Q2. Inside shell E = 0; outside E o< 1/1. Ans: (b). Q3. q=2
mC. Ans: (b). Q4. E=1.28 x 10° N/C. Ans: (b). Q5. Polar molecules have permanent dipole
moment. Ans: (a). Q6. Both Gauss’s Law statements are true. Ans: (a). Q7. Flux = 2.26 x
10° Nem?/C. Ans: (a). Q8. g = —Q/4. Ans: (c). Q9. Force o« 1/L3. Ans: (b). Q10. E constant,
V varies linearly with z. Ans: (a) & (c). Q11. Force becomes 4F. Ans: (d). Q12. New force
= F/4. Ans: (d). Q13. Field inside shell = 0. Ans: (a). Q14. Maximum torque = 0.02 Nem.
Ans: (d). Q15. E « 1/r%. Ans: (d). Q16. E_axial = 2E _equatorial. Ans: (b). Q17. Flux per
face = gq/6€0. Ans: (b). Q18. Final force = F/2 and repulsive. Ans: (b). Q19. Non-uniform
field in both magnitude and direction. Ans: (c). Q20. Field lines start on positive and end on
negative. Ans: (c).
ASSERTION AND REASON QUESTIONS
In the following questions, two statements are given —one labelled Assertion (A) and other
labeled Reason (R).
Select the correct answer to these questions from the options as given below.
(a). If both Assertion and Reason are true and Reason is the correct explanation of Assertion.
(b). If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
(c). If Assertion is true but Reason is false.
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(d). If both Assertion and Reason are false.

Q1. Assertion: If a point charge is rotated in a circle around a central charge, the work done by

Q2.

Q3.

Q4.

Q5.

the electrostatic force is zero.

Reason: The electrostatic force is a conservative force, and the displacement is always
perpendicular to the force in a circular path.

Assertion: The electric flux through a closed surface depends only on the net charge
enclosed, regardless of the shape or size of the surface.

Reason: Gauss’s Law is based on the inverse square dependence on distance contained in
Coulomb's Law.

Assertion: It is safer to be inside a car than under a tree during a lightning storm.
Reason: The metallic body of the car acts as a "Faraday Cage," ensuring the electric
potential inside remains zero.

Assertion: An electric dipole placed in a non-uniform electric field always experiences a
net force and a net torque.

Reason: In a non-uniform field, the forces on the two charges of the dipole are unequal in
magnitude.

Assertion: The surface charge density at the sharp pointed ends of a conductor is higher
than at its flatter portions.

Reason: For a conductor of any shape, the surface charge density is inversely proportional
to the radius of curvature at that point.

Q6. ASSERTION: In a non-uniform electric field, a dipole may have translatory motion as well

as rotational motion.
REASON: In a non-uniform electric field, a dipole experiences a force as well as torque.

Q6. ASSERTION: Gauss law is applicable only for symmetric charge distribution.

Q8.

Q9.

REASON: In gauss law, electric field is due to only those charges which are present inside
the closed surface.

ASSERTION: A point charge qo is kept outside a solid metallic sphere, the electric field
inside the sphere is zero.

REASON: Induced charge does not contribute to electric field or potential at a given point.
ASSERTION (A): No torque acts on an electric dipole when its dipole moment is in a
direction opposite to the electric field.

REASON (R): An electric dipole is in stable equilibrium when placed in a uniform electric
field with its dipole moment opposite to the field.

Q10. ASSERTION (A) : If a point charge q is placed in front of an infinite grounded conducting

plane surface, the point charge will experience a force.
REASON (R): This force is due to the induced charge on the conducting surface which is
at zero potential.

Answers of Assertion and Reason Questions

1.

2. 3. 4. S. 6. 7. 8. 10

a

a c b a a d c c a

Exercise Assertion and Reason Questions
Q1. Assertion (A): The total amount of charge on a body equal to 4X107*° C is not possible.

Reason (R): Experimentally it is established that all free charges are integral multiples of a
basic unit of charge denoted by e. Thus, charge ¢ on a body is always given by g = ne.

Q2. Assertion (A): The Coulomb force between two points charges depends upon the dielectric
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constant of the intervening medium.
Reason(R): Coulomb’s force varies inversely with the dielectric constant of medium.

Q3. Assertion (A): An electron with velocity ‘v’ enters a uniform electric field, it tends to move

along the direction of electric field.
Reason (R): An electron at rest in a uniform electric field never experiences a force.

Q4. Assertion (A): When a charged comb run through dry hair and taken near a paper, molecules

Qs.

in the paper gets polarized resulting in net force of attraction.
Reason(R): A comb run through one’s dry hair attracts small bits of paper.

Assertion (A): Electrostatic force is conservative in nature.
Reason (R): Electric filed lines do not form closed loops

Answers of Exercise Assertion and Reason

A | 2. A | 3. D | 4. 'B | 5. B

Ql.

Q2.
Q3.

VERY SHORT ANSWER TYPE QUESTIONS

A spherical balloon carries a charge that is uniformly
distributed over its surface. As the balloon is blown up and
increases in size, how does the electric flux come out of the
surface change? Give reason. St

-4Q

Find ratio of electric flux through the surface S; and S; as

shown in figure \ S2 y
Two small balls, each with a charge Q, hang from the same

point by insulating strings of length L from a fixed support. Consider the setup in a region
of zero gravity and in equilibrium.

(a) What will be the angle between the two strings?
(b) What will be the tension in each of the strings?

Q4.

Q5.

Q6.
Q7.
Q8.

Q.

A thundercloud carries a charge of +50 C at a height of 4000 m and a charge of -50 C at a
height of 2000 m from the ground. An airplane crosses through the charged thundercloud at
a height of 3000 m from the ground. Find the magnitude and the direction of the electric
field acting on the airplane as its crosses through the charged-up thundercloud.

Two charged conducting spheres of radii a and b are connected to each other by a wire. Find
the ratio of the electric fields at their surfaces.

Why can two electric field lines never cross each other?
What is the net flux through a closed surface containing an electric dipole?

How does the force between two point charges change if the dielectric constant of the
medium between them increases?

Define 'quantization of charge'.

Q10. Draw the electric field lines for a system of two equal negative charges.
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Ql.
Q2.
Q3.

Q4.

QS5.
Q6.
Q7.

Q8.
Q.

Very Short Answer Type Questions — Hints and Solutions

The electric flux remains unchanged. According to Gauss’s Law, flux depends only on the
net enclosed charge (@ = g/eo0), not the size or radius of the surface.

The ratio is -1:1 (or -1). Net charge in S: = (Q + 3Q —2Q — 4Q) = -2Q. Net charge in S2 =
(Q+3Q-2Q)=2Q.

(a) Angle: 180°. In zero gravity, the only force is electrostatic repulsion, pushing the balls as
far apart as possible. (b) Tension: T = (1 / 4meo) x Q*> / (2L)*. The tension balances the
repulsive force at a distance of 2L.

The field magnitude is E = o/eo (if treated as plates) or by calculating Eye from both layers.
The direction is downward (from the +50 C layer at 4000 m toward the —50 C layer at 2000
m).

The ratio is b: a. When connected, their potentials are equal (V. = Vp = kg./a = kqu/b). Since
E = V/r, the surface fields are inversely proportional to the radii (E./Ep = b/a).

If they crossed, at the point of intersection, the field would have two different directions,
which is physically impossible.

Zero. According to Gauss’s Law, flux depends on the net charge; a dipole's net charge (+q —
q) is zero.

The force decreases. Fmedium = Fvacuum / K.

It is the property by which all free charges are integral multiples of a basic unit of charge
(e), expressed as g=ne.

Q10. Sutiable diagram

Ql.

Q2.
Q3.

Q4.

Qs5.
Q6.
Q7.

Q8.
Q.

2 Marks Questions
An electric dipole of length 10 cm having charges = 6 x 107 | placed at 30° with respect to
a uniform electric field, experiences a torque of 6V3 Nm. Calculate the magnitude of the
electric field
Two point charges +4Q and -Q are fixed on the x-axis at a distance 'a' apart. Find the
distance of point on the line joining them where the net electric field intensity zero?
The figure shows three point charges kept at the vertices of triangle ABC. 20k
Find the net electric field, due to this system of charges, at the midpoint M
of base BC. CBSE 2026
A thin rod of length L of the uniform mass density of p kg/m and linear _ —q
charge density A C/m is initially at rest. A uniform electric field E is applied %5,
in the direction perpendicular to the length of the rod. The rod begins to move in the direction
of the applied electric field. Determine the speed of the rod after it travels through 1 m of
distance. Ignore all external forces except the electrostatic forces.
Plot a graph showing variation of electric field as a function of r > R and r <R ( r being the
distance from the centre of the shell.
A point charge +q is placed at a distance d/2 directly above the center of a square of side d.
Find the magnitude of the electric flux through the square.
Five identical charges +Q are placed at five corners of a regular hexagon of side L. Find
the magnitude of the electric field at the center of the hexagon.
Distinguish between a polar and a non-polar molecule with one example each.
An electrostatic field line is a continuous curve. That is, a field line cannot have sudden
breaks. Why not?

Nz 12

Q10. Why must the electric field be normal to the surface of every point of a charged

conductor?
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2 Marks Questions -Hints and Solutions
Q1 Formula:t=pEsinf.p=q*x2l=(6x102C)x(0.1m)=6x10*Cm.E=1/(p
sin30°) = 6\3 /(6 x 107 x 0.5)= 23 x 10* V/m.

Q2  For two opposite charges +4Q and —Q, the null point (where Eqet = 0) lies outside
the charges, closer to the smaller magnitude charge (—Q). k(4Q)/(a + x)*> =kQ/x?.2/(a
+x) = 1/x= 2x =a + x = x = a. The point is at distance a to the right of —Q.

Q3  The fields from charges at B and C (both —q) at the midpoint M are equal and
opposite, so they cancel out.Result: The net field at M is due only to the charge +2q
at vertex A.Enet = k(2q)/r%, where r is the altitude of the triangle AM.

Q4  Force: F =qE = (AL)E.Acceleration: a = F/m = (ALE)/(uL) = AE/n. Equation of
Motion:v2 = u? + 2as = v = V(2 x (A\E/p) x 1) = V2AE/p) m/s.

QS  Inside (r <R): E = 0.Outside (r > R): E o 1/12.Graph: The graph .
shows a jump from zero to maximum at the surface (r = R) and
then a hyperbolic decay.

Q6  Imagine the square as one face of a cube with side d. By symmetry and Gauss’s
Law, total flux ®= g/ €0, so flux through one face is q/6¢o

Q7 A full hexagon with six charges would have zero field at the center. With one
missing, the field is equal and opposite to the field that the sixth charge would have
produced: E = kQ/L?. for a regular hexagon, the radius of the outer circle (the
circumradius) is exactly equal to the length of its side.

Q8  Polar molecules have a permanent dipole moment (e.g., H>O), while non-polar
molecules acquire one only in an external field (e.g., O2)

Q9  Field lines represent the path of a test charge; since force acts continuously in a
field, the acceleration and path must be continuous. A break would imply the field
suddenly became zero and then reappeared.

Q10 [Ifit weren't normal, there would be a tangential component of the field which
would cause surface charges to move (creating a current), contradicting the state of
electrostatic equilibrium.

3 MARKS QUESTIONS

Q1. Two point charges q1 =25 x 107/ C and q2 = —2-5 x 10~ C are located at points (0, 0, —
15 cm) and (0, 0, 15 cm) respectively. Find : CBSE 2026
(a) The electric dipole moment of the system, and
(b) The magnitude and direction of electric field at the origin (0, 0, 0).

Q2. Two infinitely long straight wires having linear charge densities -A and 3 . are held vertically
parallel to each other, distance r apart in free space. Find the nature and magnitude of the
force/length exerted by one wire on the other. CBSE 2026

Q3. A small hollow conducting sphere of radius r; is given a charge Q. It is surrounded by a
concentric conducting spherical shell of inner radius r2 and outer radius 13, having charge —
3q. Ifa point charge 2q were kept at the centre, find: CBSE 2026
(I) the electric flux through a concentric spherical Gaussian surface of radius x for (1) x <
r,and (2) r1 <x <r.

(IT) Electric field at a point distant x from the centre for (1) x >3, and (2) r1 <x <r2.
(ITI) Surface charge density on the inner surface of (1) sphere, and (2) shell.
Q4. (a) State Coulomb’s Law and express it in vector form.
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(b) Consider three charges qi, g2, g3 at the vertices of an equilateral triangle of side L. Derive
the expression for the net electrostatic force acting on a charge Q placed at the centroid.

Q5. A point charge q is placed at: (i) the center of a cube, (ii) one corner of the cube, and (iii)
the center of one face. Calculate the electric flux through the entire cube and through each
face for each case using Gauss's Law and symmetry.

Q6. A uniform electric field E= E;i exists in a region. Calculate the flux through a cylinder of
radius R and length L whose axis is parallel to the field. Show that the net flux is zero.

Q7. Derive the expression for the work done in rotating an electric dipole from an angle 6, to 0,
in a uniform electric field E

Q8. Two large, thin metal plates are parallel and close to each other. On their inner faces, the
plates have surface charge densities of opposite signs and magnitude 17.7 X 10712C /m?2.
Calculate the electric field (a) in the outer region of the first plate, and (b) between the plates.

Q9. Using Gauss’s Law, show that the electric field due to a uniformly charged infinite plane
sheet is independent of the distance from it.

Q10. Two identical small pith balls, each of mass m and charge q, are suspended from a common
point by two insulating strings of length 1. If the system is in equilibrium and the strings
make an angle 0 with the vertical, derive the expression for the charge q in terms of m, 1, g,
and 0.

3 Marks Questions -Hints and Solutions

Q1  a) Dipole Moment: p = q x 2a. Since distance is from —15 cm to +15 cm, 2a = 30
cm=03m.p=(2.5x107)x0.3=7.5% 10®* C-m. The direction is from negative
to positive (along the —z axis). (b) Field at Origin: Both charges are equidistant
from the origin and have opposite signs. Their fields at the origin point in the same
direction. Enet= 2 % (kqg/a?).

Q2  Formula: F = qE where q= A, Use the field of one wire acting on the other:
F =M\ 1E2=>F/1=M(2kA2/r). Magnitude = (1 / 2meo) * (3A*/r). Since the charges
have opposite signs (—A and 31), the force is attractive.

Q3 () Flux: For x <r11: ® = q_enclosed/eo = 2q/€0. For ri <x <r12: ® = (2q + Q)/eo.
(IIT) Surface Density (c): The inner surface of shell (r2) will have an induced charge
of —(2q + Q) to cancel the internal field. o = Charge / Area = —(2q + Q) / 4nr2>.

Q4 Vector form: Fai = (1 / 4meo) x (quqz / r?) 112. Distance from each vertex to centroid:
R = L/\3. Due to symmetry, the net force at centroid is zero.

QS5  Charge at center: Total flux = g/eo. Flux through each face = q/6¢o.
Charge at corner: Flux through one cube = q/8¢o. Flux through each of 3 outer faces
= q/24e0. Charge at face center: Flux through one cube = q/2¢o.

Q6  Left End Cap (&, ): The area vector A points left (-x), and vector E points right
(+x). The angle is 180°. =>(®,): = EyA cos(180°) = —E,(mR?) Right End Cap
(®,): Both the area vector 4 and E point right (+x). The angle is 0°. => (P,): =
EyA cos(0°) = +Ey(mR?) . Curved Surface (®3): The area vector is always
perpendicular to the cylinder's axis (and the field). The angle is 90°. (®3): =
EyA cos(90°) = 0.The total flux is the sum of these parts: @,,,r = &1 + D, + D5
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Dot = —Eo(TR?) + +Ey(mR?) + 0 =>@,,,; = 0. Conclusion: The net flux is zero
because the number of field lines entering the cylinder equals the number of field

lines leaving it, meaning no net charge is enclosed q inside=0
Q7  dW =1d0 =pE sinf dO. Integrating from 0: to 62: W = pE(cos0: — cos02).

Q8  Outer region: E = 0. Between plates: E = o/e0o = 2 N/C.

Q9  Using a cylindrical Gaussian surface: 2EA =6 A/ €0 > E = 6/2¢0. The field is
independent of distance.

Q10 Force Analysis: At equilibrium: Balancing Components:
Vertical: T cos 6 = mg. Horizontal: T sin 6 = F.. Combining
Equations: Dividing the two equations gives: tan 6 = F. / mg.
Electrostatic Force: F. = (1 / 4meo) x (q* / ?), where the
separation between the balls is: r = 21 sin 0. Result: Substituting
F. and r into the tangent equation and solving for q: q = V(16meo 1> mg sin?0 tan 0)

CASE STUDY BASED QUESTION

;o

Q1. When an electric dipole of charges +q and dipole moment p is placed in a uniform electric
field electric field E making an angle 0 with the E , then two charges experience equal and

opposite forces +q E and —q E. These equal and opposite forces cancel each other. As the two
forces are not collinear so a torque acts on the dipole. Since the net force acting on the dipole is
zero, no work is done in moving the electric dipole in a uniform electric field, but some work
will be done in rotating the dipole against the torque acting on it.
1. Two charges +q and —q are located at points (a, 0) and (3a, 0) on x-axis. The dipole moment of
the system has magnitude

(A) 2qa and is along +x-axis. (B) 2ga and is along —x-axis.

(C) qa and is along +x-axis. (D) ga and is along —x-axis.
ii. The magnitude of electric field at a certain distance from a dipole on its axis is E; and at the
same distance on the equatorial plane of the dipole is E>. (Ei/E2 )is

(A) 1/2 (B) 2 (C) 1/4 (D)4
iii. The dimensional formula of dipole moment is —
(A) [L?’T?A™?] (B) [M2L2T1A?] (C) [L*'T*A?] (D) [L1T1AY]

iv. An electric dipole of dipole moment p is placed in a uniform electric field E. The torque
exerted by the field on the dipole at that instant is —

(A) Parallel to both the E and B. (B) Perpendicular to both E and 7.

(C) Parallel to E and perpendicular to p. (D) Perpendicular to E and parallel to p.

Q2. The Millikan's Concept

In 1909, American physicist Robert A. Millikan performed the famous oil drop experiment to
determine the nature of electric charge. In the experiment, tiny oil droplets were sprayed between
two charged metal plates. By carefully adjusting the electric field, Millikan observed that the
charges on the oil drops were always whole-number multiples of a smallest value called the
elementary charge.

This proved that electric charge is not continuous but exists in discrete packets. This property is
known as quantization of charge.

The elementary charge is: e=1.6 X 1071°C

Any charge can therefore be written as: g=ne; where n is an integer (positive or negative).
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Millikan’s experiment also supported the law of conservation of charge, according to which the
total charge of an isolated system always remains constant.
1. Which of the following charges is NOT possible?
A) 1.6 X 1072°C B) 3.2 x 107t6C C)2.4x10718¢C D) 4.8 x 10717C
ii. If an object has a net charge of +1 C, it has:
A) Gained 6.25 X 1018 electrons ~ B) Lost 6.25 X 108 electrons
C) Gained 1 electron D) Lost 1 electron
iii. The total charge of an isolated system remains:
A) Zero B) Variable  C) Conserved D) Quantized only during friction
iv. Quantization of charge can be ignored at the macroscopic level because:
A) Charge becomes continuous B) Elementary charge e is extremely small
C) Newton's laws take over D) Gravity cancels the charge
Q3. Dielectric Breakdown and Sharp Points
The electric field near a conductor is given by E = o/€o. For a given potential, the surface charge
density o is much higher at sharp points (small radius of curvature) than on flat surfaces. This
can lead to "Corona Discharge."
i. Why do lightning conductors have sharp pointed ends?
A) To attract lightning more slowly
B) To create a high electric field that ionizes air and provides a path for discharge
C) To increase the resistance of the building
D) To look aesthetically pleasing
i1. The maximum electric field air can withstand before becoming a conductor is called:
A) Dielectric Constant B) Dielectric Strength C) Permittivity D) Polarization
iii. At a sharp point, the radius of curvature r — 0. This implies the field E becomes:
A) Zero B) Negligible C) Very high D) Constant
iv. A spark is seen when a person touches a doorknob after walking on a carpet. This is an
example of:
A) Magnetic induction B) Electrostatic discharge due to potential difference
C) Current electricity D) Thermionic emission
Case Study — Answer key
1.i Lii | Liii | Liv | 2.i 2.ii | 2.0 | 2.iv | 3.1i 3.ii | 3.iii | 3.iv
b b d b a b c b b b c b
5 MARKS QUESTIONS

Q1. (a) Define electric dipole moment. Is it a scalar or a vector?
(b) Derive an expression for the torque acting on an electric dipole placed in a uniform
electric field.
(c) At what angle is the torque maximum and minimum? Draw the diagram of orientation
of dipole in electric field.

Q2. (a) Derive an expression for the electric field intensity at any point on the axial line of an
electric dipole.
(b) How does the field vary with distance r for a short dipole (r >> a)?
(c) Derive the expression for the electric field intensity at a point on the equatorial plane of
an electric dipole.
(d) Show that for a short dipole, the field at an axial point is twice the field at an equatorial
point at the same distance.

Q3. (a) State Gauss’s Law in electrostatics.
(b) Using this law, derive an expression for the electric field due to an infinitely long straight
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Q4.

uniformly charged wire.

(c) Plot a graph showing the variation of E with distance r.

(a) Define electric flux. Write its SI unit.

(b) Use Gauss’s Law to find the electric field intensity due to a uniformly charged infinite
plane sheet.

(c) Does this field depend on the distance from the sheet? Explain.

Q5. Using Gauss’s Law, derive expressions for the electric field due to a uniformly charged

thin spherical shell at a point:
(1) Outside the shell (r > R) (i1) On the surface of the shell (r = R) (iii) Inside the shell (r <
R) Include the E vs r graph.

5 Marks Question Derivation Hints

Ql

Dipole moment (p°) is a vector pointing from —q to +q with magnitude: p = q X 2a.
Diagram:Draw two parallel lines for the uniform field E”, an inclined dipole at angle
0, and show forces +qE and —qE acting in opposite directions. Derivation Hint:1.
Explain that net force is zero: +qE — qE = 0. 2. Calculate Torque (t) = Force x
perpendicular distance between forces. 3. T = (qE) % (2a sinf)= pE sinf.

Max. and Min. Torque: T = 0 at 0° and 180° (equilibrium).=> 1 = pE at 90°.

Q2

Axial Line Hint (E « 1/1*): Find the fields due to +q and —q at point P on the axis.
Subtract the smaller field from the larger one. Result:E axial = 2kp/r* for a short
dipole. Equatorial Line Hint: Use vector resolution. The vertical components of the
fields (E sinB) cancel out, while the horizontal components (E cosf) add up. Result: E
equatorial = kp/1®. Diagram: For the equatorial line, show the vector addition forming a
resultant parallel but opposite to p_.

Q3

Statement: Total flux through a closed surface is 1/€o times the net charge enclosed.
Diagram: Draw an infinitely long wire with linear charge density A. Draw a
cylindrical Gaussian surface around it of radius r and length 1. Flux only passes
through the curved surface because flux through flat ends is zero (E” L dA”).

Total Flux: @ = E x (2nrl). Enclosed charge: q = Al. Apply Gauss's Law: E(2nr]) = Al
/ €0 = E =\/ (2meor).

Q4.

Definition: Electric Flux (®) is the total number of electric field lines passing
through a surface. SI Unit: N-m?/C. Gaussian Surface: A cylinder (pillbox) piercing
through the sheet, with cross-sectional area A at both ends. The electric field E” is
perpendicular to the sheet. Flux only passes through the two flat ends of the cylinder:
@ =2EA. 3. Enclosed charge: q = 6A, where o is the surface charge density.
According to Gauss’s Law: 2EA = 6A / €0 => E = 6 / 2¢0. Distance Factor: The
electric field is independent of distance r from the sheet because the field is uniform.

Qs.

Case 1: Outside (r > R): Treat the entire charge as concentrated at
the center. E = (1 / 4meo) % (q / 1r?). Case 2: Inside (r <R): A
Gaussian surface inside the shell encloses zero charge. Therefore, by
Gauss’s Law: E = 0. Graph: Include the graph showing E = 0 until r =R and then a
1/1* decrease.

ZIET MYSURU-SSM PHY SICS-X11-2026-27




3

| Electric charge

ECTRiC CHARGES AND FiELD

CHAPTER AT A GLANCE

v e o
| T CLASS XII PHYSICS - FORMULA SHEET e

[ 1 JELECTRIC CHARGE e

Key Points

Charge is a fundamental property of matter.
S1 unit : Coulomb (C)

Two types of charge : Positive (+) and
Megative {—)

Like charges repel, unlike charges attract.

Charge is conserved,
Charge is quantised.

Quantisation of Charge

q = ne

Charge is invariant
under change of
frame of reference.

where n =0, 21, £2, -
e=16x10"C

Additivity of Charge

Gner = i G
i

Electric flux through a surface is the measure of the
number of electric field lines passing through it.

&, = E-A = EAcos®

Where, 1

+ A = area vector

2 | COULOMB'S LAW
'] q:

@y

1z

The electrostatic force between two point charges is
directly proportional to the product of charges and
inversely proportional to the square of the distance
bBetween them, acting along the line joining them.

1 4192

Ty
12 4me, r?

Where,
£, = 8.854 x 107 C* N m?
12 = force on q; due to g

Key Points
o Foecggs
v Fo 2

+ Force is equal and opposite on both charges.

(5 ) GAUSS'S LAW ]

The total electric flux through any closed surface

is equal to ;
a

times the total charge enclosed.

§ E-ad -

Applications (for symmetric charge distributions)

Gene
Eq

{1l Infinite Line Charge (4)

(i) Infinite Plane Sheet (o)

('3 JELECTRIC FIELD J

Electric Field Intensity (E) Electric Fiald Lines
Electric fiakd at a point is the force exparienced

per unit positive test charge placed at that point

= Originate from + charge
and terminate on ~ charge
(or at infinity).

E = Sl unit : N/C & Tangeitiakany ot aies

direction of E,

8 =

Field due to a Point Charge * Do not intersect.

+ Closer lines =

stronger field.

o

© Ame, r? ™

(radially cutward for +q,
inward for —q)

Field due to a System of Charges

E =

E, + E; + Ej + -

(Principle of superpaosition)

6 CONDUCTORS (IN ELECTROSTATIC EQUILIBRIUM)

Properties

E = 0 inside the conductor

Potential is through

‘Charge resides on the outer surface

Surface is an equipotential surface

T

Electric field just outside the surface

_._/_.—. i is prependicular to it
{perpendicular to surface) : E= ZL
£n
= = .
+ @ =angle between E and A ': iz Excess Charge Resides on Efectric Field Just Outside
o Outer Surface the Surface
{radially outward) (perpendicular to sheet) R
+ - —
Flux depends on Special Cases n E
(iii) Spharical Shall (o] [iv) Solid Sphere (p)
« Magnitude of E 8=0° By = EA - 9
(Maxirmum flux) \/\/—
+~ Area of surface (A) Ei il
is perpendicular
g = 90"
+ Orientation (8} {Zoro flwx) =0 b e
E=2 (outside) i Wl g
Ane, r Charge Density (o) Shape of Conductors
Arbitrary & Py = EAcos @ E =0 (nside} E = i 1 %: i Q Charge resides on the surface in
20 o = I such a way that there is no electric
) field inside.
@' Key Idea
Choose a Gawssian surface that matches the symmetry ibmes, = charge o sicaon
of the charge distribution to simplify calculations. A = surface aren
7 ) CONDUCTORS — IMPORTANT FACTS 8 | APPLICATIONS OF ELECTRIC FIELD
+ Hellow cavity inside a conductor with no charge Electric Fiald due to a El i Pt 3 Lichtni Van de Graaff Deflection in
= : P g
= E = 0 everywhere inside the cavity. Charged Conducting Sphere Precipitators Generator CRT

# If a charge is placed inside the cavity, it induces *Q
charges on the inner surface; still E = 0 in the -
eonductor material

w1
4meg
E=0,
DIRECTION REMINDER
— = -
E peoints in the direction of force a F E
on a positive test charge.
+qo

) 4

Q r>R Remove smoke and Uses electric field
rr = dust particles from 1o attract toner
r=R industrial gases. particles to paper.

FIELD LINES SUMMARY
Start from + and end on = (or at =)
MNever intersect each other

Crewded lines = stronger field

LAAN

Continuous and closed in conductors

Electric field deflects
electron beam in
TW/monitor screens.

Due to large charge
separation between
clowds and greund.

Builds up very high
charge to produce
strong electric fields.

REMEMBER
‘Charge is conserved and quantised.
Coulomb’s law governs the force.
Electric field is a vector quantity.

g

Gauss's law is a powerful tool for

symmetric charge distributions.

EXAM TIP : Draw clear diagrams, choose proper Gaussian surface, apply symmetry, write units, and state direction!
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CHAPTER 2

-——— ELECTROSTATIC POTENTIAL AND CAPACITANCE -—

P

Work done in bringing a unit posi

Wep

o

V=-

EB Due to point charge (q)

(ii) On dipole axis (6 = 0, )
[ 1 2p
Ame, r?
{iii) In equatorial plane (8 = )

V=0 |

Electric potential is same at all
points on the surface.

Electric fiold lines are always

perpendicular to equipotential

surfaces.

Two equipotential surfaces

cannot intersect.

Mo work is required to move a

charge along an equipotential

surface.

Mo work is required to move a

charge along an equipotential

surface (AV = 0).

Shapes of Equipotential Surfaces

f 1 ELECTROSTATIC POTENTIAL (V) |}

from infinity te a point (without acceleration).

UNIFORMLY CHARGED
SPHERICAL SHELL (Q, R)

tive charge

E 1 P (i) Outside (r > R}
= - - +g
4mey 1 r fi
== J V= 1_ g
4meg T
ﬂ System of charges @y, 2. ---, qn (ii) On surface (r = R)
v:..l bl I V=-—1 2
dmee ;T3 N | 4me, R |
EJ pue to electric dipole (p = 2aq) (iii) Inside (r < R}
-t e
4mwey R |
-4 2a : CONDUCTORS & INSULATORS
{5), Aany: palet Hrctors et
_ 1 pcosd 1 p-F - Hava froe charges - Charges are
4mwegy r? dmwey  r? vd-d-canmm- bound to atoms:

and cannot move:

= Electic field inside freaty.

& conductor is 2ero = Act a3 barriors to
i electrostatic the fiow of charge.
equilibrium.

FREE CHARGES & BOUND CHARGES
INSIDE A CONDUCTOR
2 +— = Free charges
reside on the
surface

J +— « Inside the conductor,
E = 0and V = censtant,

Tweo identical

positive charges

n DIEEECTRICS &
ELECTRIC POLARIZATION

Uniform electric field

B POTENTIAL DIFFERENCE (AV)

Work done against electric field in moving
a unit positive charge from one point
to another.

4 CAPACITORS & CAP ANCE

A of two

separated by an insulator (dielectric).
Capacitance (C) is the ability of a capacitor
to store charge.

W
A s
qo

If W5 is work done in moving a charge q
from one point to another point then

%J (Farad)

Yot g [l
2= q where Q = charge, V = potential difference
| Combination of Capacitors
Wiz =g (Vz - V) | i} Series Combination

—
(1 1
=<

1
[T

(ii) Parallel Combination

T T
Ea

Parallel Plate Capacitor

A
T

+ Cy

C,+C2+~w

When a dielectric is placed in an electric field.
its molecules get polarized.

¥ + + +

i) Without dielectric

£0A |
C=—
[ d J

Electric dipole moment of molecules
induced in the direction of E.
(i) With dielectric
(constant K)

-

__ Electric dipole moment
> of molecule

Energy store_d in a capacitor

1

=

RELATION BETWEEN FIELD & POTENTIAL
E=-vv

(i} Electric field is in the direction in which
the potential decreases steepest,

(i) Its magnitude is given by the change in the
magnitude of potential per unit displacemeant
narmal to the aquipotential surface.

———— Electric field line ==== Eguipotential surface

Vi=Vox=Vy

ELECTRIC POTENTIAL ENERGY

(i) For tweo paint charges gy and ga
q; 92
L s + 1

=L
Amey

9192
r

{ii} Two charges in an external field {iii} Dipole in an external field Equilibrium of a Dipole
2 _ Stable g =07
E @ qz2 ; s @
- —_ = i iz equilibrium [R5
i & 77777 SRS -2 p P = - E Potantial Energy
-a @ o * U=-p-E=—pEcosf 3
f 1 T E rE Unstable @ - 1380 -
s 2192 equilibrium  (§ anti-parallel to £)
U= V; + Vy + — & q
Vi + g2z Ame, T

EFFECT OF DIELECTRIC (CONSTANT K) ON A CAPACITOR DIELECTRIC IN A CAPACITOR

Condition Battery Connected (V = Constant)
Quantity Without Dislectric With Dielectric (K) Change (in terma of K} | Without Dielectric
(K=1) 1 (K=1)
Capacitance (C) {8 KCy = K Cq
Charge (Q) CoV KCoV * K Qo
Patential Difference (V) v v No change % Vo
0
1 2 1 2 Qe
Energy Stored (U} =CaV = KCoV = K oo
Y Fonl 2 o 2Ca

APPLICATIONS IN DAILY LIFE

D

B} Fower Di:

B Lighlm'ng Rods

Facilitates the
+ '.F"" +  iranafer of charge

Battery Disconnectad (Q = Constant)

B High-Voltage Lines

current to mavernent of prevent charge

deliver power charges in devices and prevents leakage.

to devices. likes TV sCT00NSE, 5 damage.

alection MICroscopes.

Audio Equipment Camera Flashes (2] i B Devices
Capacitors filtor Capacitors store. Uised inhybrid & Capocitors in
noise and stabilize anengy 1o provide olecteic vehicles = defibrillators
sigmats for claar high-power Tor energy delbver a burst of
saund, flashas, anergy.

With Dielestric (K) | Change interme of k)

KCy = K
Qo No change
&
1 5 2 Dielectric polarizes and reduces the
& =3 =K effective electric field between plates,
2ZKCq thus increasing capacitance.

SIMULATION LINK FOR CAPACITOR

Explore interactive learing for capacitors at:
https://phet.colorado.edu/en/simulations/capacitor-lab-basics
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MULTIPLE CHOICE QUESTIONS

QI In aregion electric field is given by E=4xi N/C. The potential difference between points
A(x=1m) and B (x=3m), Va-V3g is given by: CBSE 2026 55/1/2

(a) -16V (b) 16V (c) -8V (d) 8V
Q2 From the figure given below calculate the capacitance of the given combination of
capacitors between points A and B (C1= C, =C3 =1 pF , C4=2uF) JEE MAINS 2026
(a)2 (b) 7/2 (c)7/3 (d) 52

A ¢ | ey cy | B
Q3 A point charge lies at a distance x from the midpoint of an ch

electric dipole on its axis. The electric potential at a point P is proportional to:

(a)l/x? (b) 1/x* (c) 1/x* (d) 1/x'?

Q4 Ten capacitors, each of capacitance 1 uF, are connected in parallel to a source of 100 V. The
total energy stored in the system is equal to:

(a) 102] (b) 103 ] (c)0.5x 1073J (d)5.0x102]J

Q5 The diagrams below show the regions of equipotential. Rl TEL
A positive charge is moved from A to B in each diagram then: ‘H‘{ = ’>>>>G
(a) Maximum work is required to move q in figure (c). -
(b) In all the four cases the work done is the same. |

v 30V
A

10
(b)
v a0 v
2o v
B B
L 38 v
ov

v 4
(<) (@)

(c)Minimum work is required to move q in figure (a).
(d) Maximum work is required to move q in figure (b) =
Q6 As shown in figure, A, B and C are concentric shells of radius a, b and c respectively
(a <b <c). Their surface charge densities are , ¢, -6 and o respectively. What
is the electric potential on the surface of shell A ?

(a) 7~ (@tbte) (b)) =(atbte) (o) (b-ac) (d) - (abro)

Q7: Four charges 108 C ,-2x10°® C; +3x10® C and 2x10® C are placed at the four corners of a
square of side 1m the potential at the center of the square is :

(a) zero (b) 360 volt (c) 3602 volt (d) 180V

Q8: The electrostatic force between the metal plates of an isolated parallel plate capacitor C
having a charge Q and area A, is:

(a) Independent of the distance between the plates (b) Linearly proportional to the distance
between the plates  (c) Proportional to the square root of the distance between the plates
(d) Inversely proportional to the distance between the plates

QO9: A capacitor is charged by a battery. The battery is removed and another identical
uncharged capacitor is connected in parallel. The total electrostatic energy of resulting system

(a) Increases by a factor of 4 (b) Decreases by a factor of 2

(c) Remains the same (d) Increases by a factor of 2

Q10: A capacitor works as the charge storing device in

(a)AC circuits (b)DC circuits (c) Both (1) & (2) (d)Neither (1) nor (2)

QI11. A uniform electric field pointing in positive x-direction exists in a region. Let A be the
origin, B be the point on the x-axis at x =+ 1 cm and C be the point on the y-axis aty =+ 1
cm. Then, the potentials at the points A, B and C satisfy
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(a) Va<Vs (b) Va>V3g (c) Va<Vc (d)Va> V¢
Q12. Which statement is not correct for an equipotential surface?
(a) Electric field intensity is always perpendicular to the equipotential surface.
(b) Potential difference between any two points on it is zero.
(c) Equipotential surfaces are spherical in shape.
(d) No work is required to move a charge on an equipotential surface
Q13. An electron mass m and charge e travels from rest through a potential difference of V.
What will be the final velocity of electron?

2ev 2eV
(a) eV (b) 2 © [* @
Q14. Four point charges —Q, -q, 2q and 2Q are placed, one at each corner of the square. The
relation between Q and q for which the potential at the centre of the square zero, is
@Q=-q Q= ©Q=gq Q==
Q15. A hollow metal sphere of radius 10 cm is charged such that the potential on its surface
is 80 V. The ratio of potential at a distance Scm from the centre of the sphere to the potential at
the surface of sphere is
(a) 1:2 (b) 2:1 (c) 1:1 (d) 1:4
QI16. There is one charged isolated air capacitor and U is the energy stored in it. Separation
between the plates of the capacitor is increased to double of the initial value. Energy stored
becomes

2mv

e

(a) U2 (b) 2U (c)U/3 (d)3U

Q17. Four condensers are joined as shown in the figure and the

capacity of each condenser is 8 uF. The equivalent capacity between

the points A and B will be: : }7{ }—H{
(a) 16 uF (b) 8 uF | §
(c) 32 uF (d) 2 uF

QI18. A parallel plate capacitor is connected to a battery as shown in Fig. Consider two
situations: A: Key K is kept closed and plates of capacitors are moved apart using insulating
handle. B: Key K is opened and plates of capacitors are moved apart using insulating handle.
Choose the correct option(s). ®
(a) In A : Q remains same but C changes. v
(b) In B : V remains same but C changes. i
(c) In A : V remains same and hence Q changes.

(d) In B : C remains same and hence V changes.

Q19. Two protons 4 and B are placed in space between plates of a parallel
plate capacitor charged up to V volts (See fig.) Forces on protons are Fa
and Fp , then

(a) FA>Fg (b) Fa<Fg

(c) FA=Fs (d) none of the above

Q20. n small droplets of same size are charged to a same potential V. If all of them combine to
form a single drop then potential of the single drop will be

(AnV (b) V/n (c) n?*V (d)n'3V
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ANSWERS

Q1 (a)Va-Ve= — [ E.dx so potential difference= -2x* = -2(3%-1%) = -16V

Q2 (a) C; & C; are parallel so 2puF .. This 2uF is in series with Cs. So 1 pF.now this is in parallel
with Cs so final equivalent resistance is 1 pF+C3=2 pF

Q3 (b)For an electric dipole, the electric potential at a point on its axial line is given by V=kp/x*
where distance between the charges is much smaller than the distance at which potential is
to be calculated.

Q4 (d) Net capacitance = 10x 1 uF=10"F connected to 100V so total energy is U=1/2 CeqV? s0
we get 5x1072]

Q5 (b)Work done w = gAYV, AV is same in all the cases so work is done will be same in all the

cases.

Q6(d) Electric charge on shell A is qa=4ma’c ; Electric charge on shell A is qg=-4nb’c

Electric charge on shell A is gc=4nc’c

Shell A is inside the shell B and C. so VA=$ (qat gt qe)
0
Q7 (c) Potential at the centre is : V=kq/r : =ﬁ (qu/r1 + qo/r2 + qa/r3+ qalra) =360V2 V
0
2
Q8 (a)For isolated capacitor Q = Constant : Favg———zig : F is independent of the distance between
0
plates
Q9 (b) Common potential = V/2 ; Initial energy Ui=1/2 CV?> final energy U= Y% CV? so loss
of energy = 5 CV2- ¥, CV? = ¥ CV? decreases by a factor of 2
Q10 b)DC circuits

QIl.(b)E=- Z—Z , Direction of electric field must be in the direction of the decreasing order of

electric potential.
QI12. (c) Shape of equipotential surface depends on charge or distribution of charges

QI3.(c)eV=-mv? so v= =%

1 Q. 1 -q. 1 20, 1 2q
—L + —_ + —_—= =
Q14' (a) 4mey R 41TEy R 41Tey R 4mEy R O Q q

QI15. (c) Value of potential inside and on the surface of a charged spherical shell is same
Q16.(b) As capacitor is isolated so charge on capacitor remains same

New capacitance C'= g and V'=2V

Hence, new energy U’ = 2U
Q17.(c) All capacitors are connected in parallel so Cpq= C1+C,+C5+Cy 80 Ceq =32 uF
Q18.(c) As it is connected to battery so V remains same but as capacitance changes so charge

changes
Q19.(c) As F = gE and value of electric field is uniform in the space between the plates

So Fa=Fg
Q20.(c) total charge Q = nq and R=n3r, So V =n?*V

PRACTICE QUESTIONS

1. If a charged spherical conductor of radius 10 cm has potential } at a point 5 cm distant from
its center, then the potential at a point 15 cm distant from the center will be:

3 2 1
(a)3V (b) 4 (c) 5V (d) 3V
2. A parallel plate air capacitor has capacitance 18 pF. If the distance between the plates is made

thrice and a dielectric medium is introduced, the capacitance becomes 72uF. The dielectric
constant of the medium is:
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(a)4 (b)9 (c) 12 (d)2
3. Select the incorrect statement.
(a) Electric potential decreases inside electric field if one goes in a direction making an angle
less than 90° with the direction of electric field intensity.
(b) Electric potential increases at the fastest rate if one goes in the direction of electric field
intensity.
(c) Electric potential decreases at the fastest rate if one goes in the direction of electric field.
(d) Electric potential increases at the fastest rate if one goes in the direction opposite to that
of electric field.
4. A capacitor C; is charged by a potential difference Vo as shown in the figure. This charging
battery is then removed and the capacitor is connected to an uncharged Key
capacitor Cz. The final potential difference V across the combination is: (o)

V(D) BV(=) Ow(l)  @w(es) |

5. As per this diagram, a point charge + ¢ is placed at the origin O. Work hiq
done in taking another point charge — Q from the point A [co-ordinates i
(0, a)] to another point B [co-ordinates (a, 0)] along the straight path AB

is:

(a) Zero (b) (4ne az) \/—a © (4n£0a2) \% (d)(4n£ az) \/—a

ANSWERS
1.C 2.C 3.B 4.C 5.D

ASSERTION-REASON QUESTIONS

Select the correct answer to these questions from the codes (a), (b), (¢) and (d) as given below:
(a) Both assertion (A) and Reason (R) are true and Reason (R) is the correct explanation
of Assertion (A).
(b) Both assertion (A) and Reason (R) are true and Reason (R) is NOT the correct
explanation of Assertion (A).
(c) Assertion (A) is true and Reason (R) is false.
(d) Assertion (A) is false and Reason (R) is also false.
1. Assertion (A): Electric field is always normal to equipotential surfaces and along the direction
of decreasing order of potential.
Reason (R): electric field is defined as negative gradient of electric potential.
2. Assertion (A): Electric field inside a hollow conducting sphere is zero.
Reason (R): Charge is present only on the outer surface of conductor.
3. Assertion (A): Work done in moving a charge between any two points in a uniform electric
field is independent of the path followed by the charge between these two points.
Reason (R): Electrostatic forces are non-conservative.
4. Assertion (A): Electrostatic potential and electric potential energy are two different quantities.
Reason (R): For a test charge Q and a point charge Q, the electric potential energy becomes
equal to the potential.
5. Assertion (A): When the distance between the parallel plates of a parallel plate capacitor is
halved and the dielectric constant of the dielectric used is made three times, then the capacitance
becomes three times.
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Reason (R): Capacitance does not depend upon the external battery connected.
6. Assertion (A): Circuit containing capacitors should be handled very carefully even when the
power is off.
Reason (R): The capacitors may break down at any time.
7. Assertion (A): Capacity of a conductor is independent on the amount of charge on it.
Reason (R): Capacitance depends on the dielectric constant of surrounding medium, shape and
size of the conductor.
8. Assertion (A): Two parallel metal plates having charge +Q and —Q are facing at a distance
between them. The plates are now immersed in kerosene oil and the electric potential between
the plates decreases.
Reason (R): Dielectric constant of kerosene oil is less than 1.
9. Assertion (A): Two adjacent conductors of unequal dimensions, carrying the same positive
charge have a potential difference between them.
Reason (R): The potential of a conductor does not depend upon the charge given to it.
10. Assertion (A): Polar molecules do not have permanent dipole moment.
Reason (R): In polar molecules, the centers of positive and negative charges coincide even
when there is no external field.

ANSWERS

1. Option (A) is correct : E = - Z—Z. So, the electric field is always perpendicular to equipotential

surface. Negative gradient of electric potential is electric field. So, direction of electric field must
be in the direction of the decreasing order of electric potential.

2. Option (A) is correct: Since no charge resides in the surface of a hollow sphere, the electric
field also zero inside. For hollow conducting sphere, the charged reside on the surface only.

3. Option (C) is correct. Work done in moving a charge between any two points in a uniform
electric field = charge X potential difference. So, it is independent of the path followed by the
charge. Electrostatic forces are conservative type.

4. Option (C) is correct. Electric potential and electric potential energy are two different
quantities. Electric potential is defined as the potential energy per unit charge. Hence V=P.E./q.

Keg A 3Keg A
_0’ CG="22S0Ch = 6C1,
d d/2

6. Option (C) is correct. Even when power is off capacitor may have stored charge which may
discharge through human body and thus one may get a shock. Breakdown of capacitors requires
high voltage.

5. Option (B) is correct. Initial capacitance C; =C =

7. Option (A) is correct. C = S(jTA. In the expression, there is no involvement of charge. So,

capacitance is independent of charge. It depends on permittivity of the surrounding medium and
the area of the plate.

8. Option (C) is correct. Electric field for parallel plate capacitor in vacuum E = gi Electric field
0

in dielectric E* = KZ . Since the value of K for Kerosene oil is greater than 1, then E’< E.
0

Dielectric constant of Kerosene oil is greater than 1.
9. Option (C) is correct. Potential of a conductor depends upon charge and size of the body so
potential of both will not be same.
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10. Option (D) is correct. In polar molecules centre of positive charge does not coincide with
centre of negative charge so they have net dipole moment.

PRACTICE QUESTIONS

1. Assertion (A): A metal plate is introduced between the plates of a charged parallel plate
capacitor, its capacitance increased.

Reason(R): A metal plate is introduced between the plates of a charged parallel plate capacitor,
the effective separation between the plates is decreased.

2. Assertion (A): Sensitive instruments can protect from outside electrical influence by
enclosing them in a hollow conductor.

Reason(R): Potential inside the cavity is zero.

3. Assertion (A): The field intensity in between such sheets having equal and opposite uniform
surface densities of charge become constant.

Reason(R): The field intensity does not depend upon the distance between the thin sheets.

4. Assertion (A): The electrostatic force between the plates of a charged isolated capacitor
decreases when dielectric fills whole space between plates.

Reason(R): The electric field between the plates of a charged isolated capacitance increases
when dielectric fills whole space between plates.

5. Assertion (A): Electric field inside a conductor is zero.

Reason(R): The potential at all the points inside a conductor is same.

Answers
I.LA 2.C 3.A 4.D 5B
VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
Q1 Two points R and S are equidistant from two charges +Q and -2Q. Calculate the amount of
work done in moving a charge —Q from point R to S. CBSE 2026 (55/5/3)

Q2 Two pint charges - 2 uC and 5 uC are placed at (-30cm,0) and (30cm,0) respectively in an
A

external electric field E = = { where A=9x10°> Nm?C!. Find the electrostatic potential energy
of the configuration. CBSE 2026 (55/3/2)

Q3 A parallel plate capacitor of plate area A and plate separation d is completely filled with two
dielectric slabs of dielectric constant K; and K> each of area A/2. Find the effective capacitance
of the capacitor. 55B CBSE 2026

Q4: (a) Draw electric field lines and equipotential surfaces for a system of two equal positive
charges separated by some distance. (b) Using the drawings in (a) above, explain that electric
field need not be a constant over each point of an equipotential surface. CBSE 55/2/3

Q5 Two air filled capacitors C; and C> are connected in parallel with a dc battery. After the
capacitors are fully charged, a slab of dielectric constant K is inserted between the plates of each
capacitor. How will the 1) charge on each capacitor and i1) energy stored in the capacitor affected

after the slab is introduced. CBSE 55/2/3

Q6 A parallel plate capacitor has a capacitance C. When it is half | '
filled with a material of dielectric constant K=5 as shown in the I : £ d
figure, then calculate the percentage increase in the capacitance of |

the capacitor. IIT JEE MAINS 2026
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Q7 A parallel plate air capacitor is connected to a battery. The plates are pulled apart at a uniform
speed v. If x is the separation between the plates at any instant of the capacitor is then the time
rate change of the electrostatic energy of the capacitor is proportional to x* Calculate the value
of a. IIT JEE 2026
Q8: Obtain an expression for electrostatic potential energy of a system of three charges q, 2q
and 3q placed at the vertices of an equilateral triangle of side a.
Q9 Two small conducting balls A and B of radius r; and r> have charges qi and q> respectively.
They are connected by a wire. Obtain the expression for charges on A and B, in equilibrium.
Q10. Draw an equipotential surface for a system consisting of two charges Q, —Q separated by a
distance r in air. Locate the points where the potential due to the dipole is zero.

SOLUTIONS

1 -2 C .
— (r2 + ¢ - Q)); Vr=Vs so potential difference is zero and hence
0 1 2

1: work W=q(Vs-VR) ; Vr= "
work done is also zero.
2: V(r)=-f E.dx=— [ 5.dx =2 U=q) V(x)) + qumﬁﬁ = QA/XI+ QA X110

4-77.'80.7('12
x1=Xx2=30cm , and x12=60cm

So after substituting all the values we get U=8.85J
3: Sol CFM and C2=KZ€LA/2 80 Ceq=C1+C2 = K%l (Kafd _ M(Kl + K,)

1@ —

(b) Different points on an equipotential surface might be at different distances from the source

charge,so the electric field will not be constant at all points as shown in the diagram

5: In parallel combination the potential difference is same across the capacitors. On inserting
dielectric slab capacitance become K times, so charge becomes K times.

Energy stored by a capacitor U=1/2 CV?. As capacitance becomes K times energy stored by each
capacitor also increases by a factor of K(dielectric constant)

6 Initial capacitance: C= C=goA/d New capacitance = C/2 (1+K) ; K=5(given) so Cpew=3C

change in capacitance = 2C so change in %=200%
7:C=2% U=1/2CV2, U=1222 V250 U o 1/x, Now dU/dt = dU/dx x dx/dt dx/dt = velocity
Since U o 1/x so dU/dx o x hence alpha is proportional to x>

_ 2
8: potential energy of the system is U= L D o y=L C70)
4amte, T 4me, a

9:According to law of conservation of charge ; gi= qr: qi+ Q2= q1+ 2=Q, 1 f When two balls are
connected with wire : Vi=V; : qer:l and qz= ™ and Q=qi+q2 i
1

) ri+r;
10: The equipotential surface for the system is as shown. Electric potential is (& ©
zero at all points in the plane passing through the dipole equator AB. 5

ZIET MYSURU-SSM PHY SICS-X11-2026-27




PRACTICE QUESTIONS

Q1. Figure shows the field lines on a positive charge. Is the work done by

‘Q
the field in moving a small positive charge from Q to P positive or \ *p
negative? Give reason. ,7'_

Q2. What is the amount of work done in moving a point charge Q around

a circular arc of radius ‘r’ at the centre of which another point charge ‘q’ is

located?

Q3. What should be the charge on a sphere of radius 4 cm, so that when it is brought in contact

with another sphere of radius 2 cm carrying charge of 10 uC, there is no transfer of charge from

one sphere to other?

Q4. A parallel plate is charged by a battery. When the battery remains connected, a dielectric

slab is inserted in the space between the plates. Explain what changes if any, occur in the values

of (i) Potential difference between the plates (ii) Capacitance (iii) Charge on the plates (iv)

Energy stored in the capacitor?

Q5. A parallel plate capacitor of capacitance C is charged to a potential V. It is then

connected to another uncharged capacitor having the same capacitance. Find out the ratio

of the energy stored in the combined system to that stored initially in the single capacitor.
ANSWERS

1. The work done by the field is negative. This is because the charge is moved against the force

exerted by the field.

2. The potential of points A and B are same being equal to Vo= V= 41; % ‘A
o R0 g

,Where R is the radius of the circle. Work done W=q (Vg —Va)=q (Va- * "* |

Va)=0 vt s

3.Va= Vg, Hence Q =20uC
4. (1) When battery remains connected, the potential difference remains the same.

(i1) The capacitance of capacitor increases as K > 1. (iii) The charge Q = CV, V =same, C =
increases; there, charge on plates increases (iv) Energy stored by capacitor increases.
(v) Electric field strength remains same.
5.Ur:Ui=1:2

SHORT ANSWER TYPE QUESTIONS (3 MARKS)
Q1 Two parallel plate capacitors X and Y are connected in series to a 6 V battery. They have the
same plate area and same plate separation but capacitor X has air between its plates, whereas
capacitor Y contains a material of dielectric constant 4.
(a) Calculate the capacitances of X and Y, if the equivalent capacitance of the combination of
Xand Y is 4 uF.

(b) Calculate the potential difference across the plates of X and Y. (CBSE 2026 55/5/1)
Q2 A 12 pF capacitor is charged to a potential difference of 150V. The terminals of the charged
capacitor are then connected to those of an uncharged 6uF capacitor. Calculate the potential
difference and charge on each capacitor.
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Q3 A three coulomb charge moves from a point (0,-2,-5) to another point (5, 1, 2) in an electric
field given by E= 2xi +3y?j + 4k N/C. Calculate the work done in moving the charge in this
distance. JEE Mains 2026

Q4 A metal sphere of capacitance 100pF is charged to a potential of 100V. Another identical
metal uncharged sphere is brought in contact with the charged sphere. Calculate the change in
energy stored in the capacitors when they touch each other. (5/2 x 107']) q
Q5 Five capacitors of capacitances C; = C2 = C3 = C4= 10 pF and C5 =2.5 pF f 1
are connected as shown, along with a battery of 50 V. Find the equivalent

capacitance and the charges on each capacitor
Q6 a) Twelve negative charges of same magnitude are equally
spaced and fixed on the circumference of a circle of radius R as
shown in Fig. (i). Relative to potential being zero at infinity, find
the electric potential and electric field at the center C of the circle.

b) If the charges are unequally spaced and fixed on an arc of 120° N o
of radius R as shown in Fig. (ii), find electric potential at the
center C. CBSE 55/1/1
Q7 A parallel plate capacitor (A) of capacitance C is charged by a battery to voltage V. The
battery is disconnected and an uncharged capacitor (B) of capacitance 2C is connected across A.
Find the ratio of:

(a) Final charges on A and B

(b) Total electrostatic energy stored in A and B initially and energy stored in A initially
Q8 Two point charges + q and q are located at points (3a, 0) and (0, 4a) respectively in x-y plane.
A third charge Q is kept at the origin. Find the value of Q, in terms of q and a, so that the
electrostatic potential energy of the system is zero.
Q9 Two isolated metallic spheres Si and S; of radii 1 cm and 3 cm respectively are charged such
that both have the same charge density (2/z x 10 C/m?). They are placed far away from each
other and connected by a thin wire. Calculate the new charge on sphere S».

Q10. Three points A, B and C lie in a uniform electric field (E) of 5 x 10° r—— P >

NC! as shown in the figure. Find the potential difference between (i)A S‘Cn;\\ i3cm=

and B, and (ii) A and C. 3 g 5
SOLUTIONS g

1: 1/Ceq=1/C1 +1/C> given that Ceq=4 , and Cx=C, Cy=4C so C=5pF and Cy=4C =20pF. Total
charge = CeqV=24 x 10°°C , Vx=q/Cx=4.8 V & Vy=q/Cy =1.2V

. : CLVi+CoV.
2: Common potential across both the capacitors = % , V2=0 50 V=100V ,
1 2

Charge on C; , q1=C1 V=12 pFx100V=1200 pC and qx=C>V=600 pC
3: W=[E.dr=[2xi +3y?} + 4k .(dxi + dyj + dzk) , W=x*+y*+4z evaluate this from (0,-
2,-5) to another point (5,1,2) & we get W=1861.
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4: Ans: common potential = V=50V, Ui=1/2 CV? = 5x107"J and Ur= 2.5 x 107J. Change in the

energy =2.5x 107J C,=C,=C,=C,=10 uF
5:Ceq=25+25=5uF, qi=q@=q=q=25x50=125 —I—FHFHF

nC, qs=2.5x50=125 puC . Cs=2.5

6: a) Electric potential due to point charge V=kq/R Value of a

each charge = -q, Total charge = -12q Total potential V=k (- S0V

12q)/R = -12g/4neoR . By symmetry the resultant of all electric field vectors becomes zero. So
electric field is zero. (b) Electric potential is a scalar quantity and does not depend on placement
of charges .Therefore V= 12kq/R, V=-12g/4neoR

7: a) Initially Q= CV Finally ga=CaV1 and qg=CgV1; qa/ qg=Ca/Cg =1/2

(b) gatqe=Q , ga=Q/3 & q=2Q/3 so Ua+ Up/ Uai=1/3

Q-9 , aQ

2
8: Potential energy of the system = k(T +t3, Z—a); Potential energy of the system = 0.

_ 2
Sok (24221 — 0, Q=12q/5
9: Charge on sphere S; : Q1 = surface charge density x surface Area =8 x 10”3 C. Charge on
sphere S» : 72 x 103 C  : When connected by a thin wire they acquire a common potential V
and the charge remains conserved. Qi+ Qx= Q’1+ Q’2 on solving Q1= 2x10"2C

10: (i) Potential difference between A and B=E x (AB) =5 x 10° x (4 x 1072) =200 volt

(i1) The line joining B to C is perpendicular to electric field, so potential of B = potential of C
1.e., Ve = V¢ Distance AB =4 ¢cm

Potential difference between A and C = E x (AB) =5 x 10° x (4 x 10-2) = 200 volt

PRACTICE QUESTIONS
Q1. A charged particle of mass m and charge ¢ is kept initially at
rest on a frictionless surface. Another charged particle of mass 4m
and charge 2¢ starts moving with velocity v towards it. Calculate

the distance of the closest approach for both the charged particles. = LV

Q2. (a) Four identical metallic balls were placed diametrically opposite on the circumference of
an imaginary circle of radius 10m. The first three balls were charged with 30mC, 40mC and -
70mC charge. Evaluate the value of charge(q) given to the fourth ball so that the net potential at
the centre of the circle becomes zero .

Q3. A capacitor of 200 pF is charged by a 300 V battery. The battery is then disconnected and
the charged capacitor is connected to another uncharged capacitor of 100 pF. Calculate the
difference between the final energy stored in the combined system and the initial energy stored
in the single capacitor.

Q4. A parallel plate capacitor is charged by a battery. After sometime the battery is disconnected
and a dielectric slab with its thickness equal to the plate separation is inserted between the plates.
How will (i) the capacitance of the capacitor, (ii) potential difference between the plates and (iii)
the energy stored in the capacitor be affected? Justify your answer in each case.

Q5. Find the ratio of the potential difference that must be applied across the parallel and the
series combination of two identical capacitors so that the energy stored in the two cases, becomes
the same.
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ANSWERS
2.9=0  3.3X10°J  4.C=KCo,V==VO0,E=~Ey 5. Vp:Vs=1:2
CASE STUDY TYPE QUESTIONS

1. The above figure shows four pairs of parallel identical conducting plates, separated by the
same distance 2.0 cm and arranged perpendicular to x-axis. The electric potential of each plate

1 5q?2
4mey mv2

1.

is mentioned. The electric field between a

pair of plates is uniform and normal to the

plates. (i) For which pair of the plates is the

electric ﬁeld E along 'i ‘7 -0V 50V 50V 4150V <20V 4200V -100V 400V
Al B (©Il (D) 1v I Il ]|

(i1) An electron is released midway between the plates of pair I'V. It will:

(A) Move along { at constant speed (B) move along -1 at constant speed

(C) Accelerate along 1 (D) accelerate along -1

(i11) Let E1, E2, E3 and E4 be the magnitudes of the electric field between the pairs of plates, I, 11,
IIT and 1V respectively, then:

(A)Ei1>E>>E3>E4 (B)Es>E4s>Ei1 > E
(C)Es>E3z>E;>E; (D) E2>E3>Es>E;

(iv) An electron is projected from the right plate of set I directly towards its left plate. It just
comes to rest at the plate. The speed with which it was projected is about:

(Take (e/m) =1.76 X 10! C/kg)

(A) 1.3 X 10° m/s (B) 2.6 X 10% m/s (C) 6.5 X 10° m/s (D) 5.2 X 10" m/s

2. A parallel plate capacitor is an arrangement of two identical melal plateofarea A
metal plates kept parallel, a small distance apart. The capacitance

of a capacitor depends on the size and separation of the two plates ajsg;we{ e

and also on the dielectric constant of the medium between the

plates. Like resistors, capacitors can also be arranged in series or

parallel or a combination of both. By virtue of electric field between the plates, charged
capacitors store energy.

(a) The capacitance of a parallel plate capacitor increases from 10uF to 80uF on introducing a
dielectric medium between the plates. Find the dielectric constant of the medium.

(b) n capacitors, each of capacitance C, are connected in series. Find the equivalent capacitance
of the combination.

(c) A capacitor is charged to a potential (V) by connecting it to a battery. After some time, the
battery is disconnected and a dielectric is introduced between the plates. How will the potential
difference between the plates, and the energy stored in it be affected? Justify your answer.

ANSWERS
Ans.1. (i) (D) IV (ii) (D) accelerate along -1 (iii) (C) E4 > E3 > E> > E; (iv) (B) 2.6 X 10° m/s
Ans.2 (a) K=8 (b) Cs= % (c) Potential difference decreases by a factor 1/K, Energy

reduces by a factor 1/K

ZIET MYSURU-SSM PHY SICS-X11-2026-27




PRACTICE QUESTIONS

Q1 .A parallel plate capacitor has two parallel plates which are separated by an insulating
medium like air, mica etc. When the plate are connected to the terminals of a battery they get
equal and opposite charges and an electric field is set up in between them. The electric field
between the two plates depends upon the potential difference applied, the separation of the plates
and nature of the medium between the plates.

(1) The electric field between the plates of a parallel plate capacitor is E. Now the separation
between the plates is doubled and simultaneously the applied potential difference between the
plates is reduced to half of its initial value The new value value of the electric field between the
plates will be :

(A E (b) 2E (c) E/4 (d)E2

(i1) A constant electric field is to be maintained between the two plates of a capacitor whose
separation d changes with time. Which of the graphs correctly depict the potential difference (V)
between the plates as a function of separation between the plates to maintain the constant electric
field.

(a) v Vv vV - 7 -
(b) (c) (d) i
a . d d 3

(ii1) In the above figure P,Q are the two parallel plates of a capacitor. Plate Q is at positive
potential with respect to plate P. MN is an imaginary line drawn pz===--------- - -

N
perpendicular to the plates. Which of the graphs shown correctly
the variation of the magnitude of electric field strength E along
thehneMN? Q+++++++ﬁf»+++++
= | EH
@ T @ T
NI gt I 3
= L o
«< T my T U
™ ™ D ™~

(iv) Three parallel plates are placed above each other with equal displacement d between the
neighboring plates. The electric field between the first pair of the plates is E; and electric field
between the second pair of the plate is E>. The potential difference between the third and first
plate is?

(2) (Ey+Ep). d (b) (By-E). d (0) (B3-Ey). d (d) d(Er+ E2)/2
2. A parallel plate capacitor consists of two conducting plates kept generally parallel to each
other at a distance. When the capacitor is charged, the charge resides on the inner surfaces of the

plates and an electric field is set up between them. Thus, Py
electrostatic energy is stored in the capacitor. The figure i

shows three large square metallic plates, each of edge length lT - B
‘L’ held parallel and equidistant from each other. The space 1 e
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between P; and P> and P> and P is completely filled with mica sheets of dielectric constant K.
The plate P2 is connected to point A and other plates P; and P3 are connected to point B. Point A
is maintained at a positive potential with respect to point B and the potential difference between
A and B is V. 2025 CBSE

(1) The capacitance of the system between A and B will be:

( ) €0KL (b) €0KL ( ) 2€0KL (d)
(i1) The charge on plate P1 is:

(a) 2L (b) (©)
(i11) The electrlc field in the reglon between P and P is:

(a) V/id (b) 2v/d (c) V/2d (d)d/v
(iv) The separation between the plates of same area L? of a parallel plate air capacitor

2€0Kd

80 VKL? ZSOVKL EOVKL

(d)

having capacitance equal to that of this system, will be :

(a) d/K (b) 2d/K (c) d2K (d) d /4K
ANSWERS PRACTICE QUESTIONS

Ans.1 (i) () E/4. (i) (d) (iii)(c) (iv) (a) (By+E,). d

Ans 2: (i) (c) 280’“ (ii) (b) 2= VKL (i) V/d  (iv) (c) d2K

LONG ANSWER TYPE QUESTIONS

Q1 (i)Find the equivalent capacitance between A and B in the given figure.
(i1)) A dielectric slab is inserted between the plates of a

capacitor. The electric between the plates decreases. Explain. T|C 5 o

(iii) A capacitor A of capacitance C , having a charge Q is A*—1! | } *B
connected across another uncharged capacitor B of capacitance ﬂ

2C find an expression for (a) potential difference across the :C:

combination and (b) Charge lost by capacitor A
(iv) Two slabs of dielectric constant 2K and K fill the space between plates of a parallel plate

capacitor of plate area A and plate separation d as shown in the figure. 2d
. ; . ] /3 e G —]
Find the equivalent capacitance of the system
Q2. (i) An electric dipole (dipole moment p = pi ), consisting of charges
- q and q, separated by distance 2a, is placed along the x-axis, with its TR =R —

centre at the origin. Show that the potential V, due to this dipole, at a
point x, (x >> a) is equal to % ;;_21

(i1) Two isolated metallic spheres S1 and S> of radii 1 cm and 3 cm .
respectively are charged such that both have the same

charge density (% X 10‘9)C/m2.. They are placed far %H

away from each other and connected by a thin wire. 4 & g Pod

Calculate the new charge on sphere S;. x
Q3 (1) Derive an expression for potential energy of an electric dipole p in an external uniform
electric field E . When is the potential energy of the dipole (1) maximum, and (2) minimum?
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(i1) Three point charges q, 2q and nq are placed at the vertices of an equilateral triangle. If the
potential energy of the system is zero, find the value of n.

ANSWERS
1: (1) Che= C+C = 2C, (i1) Within the dielectric slab, induced electric field due to polarization,
Decreases the electric field. E=Eo/K (iii) (a)V’= Qrotal / Ceq = Q/3C =V/3  (b) charge lost by
capacitor = Q-Q/3 =2Q/3 (iv) Ci=6KeoA/d, Co=3KeoA/2d , 1/Ceq=1/C1+1/C> ; Ceq = 6KeoA/5d

1 p
41ey x2—a?

1 pi

2 : (1) Derive expression of potential at P, V = As p is along x-axis so, V =

41ey x2—a?

If x>>a, V= f—; (if) Charge on Sy = o x 4m® = (2 X 10°) x 4z (1X 102> =§ X 103 C,
Charge on S = ¢ x 4nr? = (% X 10‘9) x 41 (3X 1072)% =72 X 103 C When connected by thin

wire they acquire common potential V and charge remains conserved Qi + Q2= Q7 + Q5 and %
2
==, Onssolving Q] =2 X 10"2C
1
3: (i) Derivation of expression of potential Energy, U(0) = -p E cos cos 8 =p. E
(1) Potential energy is maximum 0 =180°, (2) Potential energy is minimum 6 = 0°

.. . . . . . k K k
(ii) Consider an equilateral triangle of side a, Potential energy U= q;qz + 243 q;q3
kq.2 k2q.n kg.n . . kq.2 k2q.n kgq.n
y=-44, xod ™ 24 q, According to question U=0, So -4, =474, 2474 _ 0, After
a a a a a a
. 2
solvingn = — 3

PRACTICE QUESTIONS
1. (1) Draw equipotential surfaces of an electric dipole.

(ii) Two point charges qi and qq are located at 77 and 7, respectively in an external field E. Obtain an
expression for potential energy of the system

(iii) The dipole moment of a molecule is 10-° Cm. It is placed in an electric field E of 10° V/m such

that its axis is along the electric field. The direction of E is suddenly changed by 60° at an instant.
Find the change in the potential energy of the dipole, at that instant.
2. (1) A dielectric slab of dielectric constant 'K' and thickness 't' is inserted between plates of a parallel
plate capacitor of plate separation d and plate area A. Obtain an expression for its capacitance.(ii) Two
capacitors of different capacitances are connected first (1) in series and then (2) in parallel across a dc
source of 100 V. If the total energy stored in the combination in the two cases are 40 mJ and 250 mJ
respectively, find the capacitance of the capacitors.
3.(a) Derive an expression for potential energy of a dipole in an external field.
(b) Draw equipotential surfaces due to an isolated point charge (+ q) and depict the electric field lines.
(c) Three point charges + 1 pC, — 1 uC and + 2 uC are initially infinite distance apart. Calculate the
work done in assembling these charges at the vertices of an equilateral triangle of side 10 cm.

ANSWERS

1 %4

1. (i) Suitable Diagram, (ii) potential energy of the system =q; V (17) + q, V (13) + —_—
[ 12
(i) 5 X 10 25

2. (1) Derivation of correct expression. C =

Keo 2 . (ii) C1 = 40pf and C; = 10uf

0
t
d—t+;
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3. (a) Correct derivation U= - pEcos cos 6 . (b) Suitable Diagram (¢c) W =-0.09 J

F GHEE |

CLASS 12 <

'~ ELECTROSTATIC POTENTIAL
" AND CAPACITANCE

@ * FORMULA SHEET «

B Potential Difference

Potential difference between two
points A and B is the work done in

Electric Potential

Electric potential at a point is the

a Electric Potential
due to System of Charges

Electric Potential
due to a Peoint Charge

work done in bringing unit positive

charge from infinity to that point., bringing unit positive charge from v 1 o
was: dmey T gt
N
e
+
w w 99
V= — Vg —Va = —
q
Where. g = charge {C}

Unit: volt (W) = JC—F
Dimensional: [M* L* T-% A~']

Potential Energy
{i) For Two-Point Charges

_ 1 4q.92
dmEy r;

Where, q.q. = charges (C)

= distance between them (m)

(ii) For Electric Dipole in
Uniform Electric Field

U= —pEcos@

Where, p = dipele moment (C m)
E = diectric field (N C ')
# = angle between p and E

m Capacitance

Capacitance is the ability of a conductor
system to store charge.

C=2
Vv

Unit: farad (F) = C v~'

Dimensional: [M—' L=% T* A%]

m Combination of Capacitors

(a) Series Combination

L X . 1 e 1 +
Cs (o) Cz Cz
Iy | |
A LA I I B
i Ca Ca
SYMBOLS & UNITS
Symbaol CQuantity Unit (S1)
ki Electric Potential walz (v}
w Wk foule ()
q.0 Charge coulomb (C}
< ‘Capacitance farad (F]
£ Pasmmitthvity of free space CP N meE
K Dielectric Constant Dimensicnless
E Eloctric Fiekd NCt

N [ S
i

Unit: volt (V)
Dimensional: [M! L2 T3 A~1]

5
(]

=
<
I

permittivity of free space
=8.854 x 1072 C* N~ m~®)

B Conductors and Insulators

Property I Conductors Insulators
Free Charges Many (free to move) | Megligible
Resistivity (p) Wary low Very high
Electric Field inside = Zero Mon-zero

Potential

Examples Metals

Inside a Conductor

(in Electrostatie Equilbirium)

« Electric field (E) = 0

~ Potential is constant

+ Excess charge resides on
the surface

+ Surface is an equipotential
surface

Parallel Plate Capacitor

(a) Without Dielectric

EgA

€=

44

(b} Parallel Combination

Cp=Cy +Cy + Cy + ...

A COMMON MISTAKES

3 E

Same throughout

Varies from
point to point

Glass, Plastic,
Rubber

Free & Bound Charges

+ Free charges: Can mave freely

(present in conductars)

+ Bound charges: Cannot move
freely (present in insulators)

{b) With Dielectric

1 qi
V= z .
4TEy ri

Where, g, = each charge in the system

r; = distance of that charge
from the point {m)

distance from charge to point {m)

g Dielectrics and Polarization

Dielectrics: Insulating materials which
on application of external electric field
get polarized,

Polarization (P): Electric dipole

moment per unit volume.

v

I

gt S, TS s SR

Dielectric Constant (K):

=

£o

Where, £ = permittivity of dielectric

&g = permittivity of free space

Where,
A = area of each plate (m?)

the sign of

2 Confusing potential and potential difference.

3¢ Using wrong distance in formulas (r vs d).

b4 i i ic constant K in

3¢ Wrong use of series and parailel formulas.

A

STAY CALM + STUDY SMART + SCORE HIGH

& Capacitors |

MOST IMPORTANT
+ High Weightage Chapter
= Conceptual + Numerical

@ Scoring in Boards!

a Equipotential Surfaces

Properties:

& Mo work is done in moving a
charge on an equipotential
surface.

& Electric field is always
prependicular ta an
equipotential surface,

& Two equipotential surfaces
never cut each other.

e
dr

{In radial direction)

E =

Equipotential Surfaces
around a Point Charge

+ Potential due to + charge is +ve
and due to - charge is —we.
= Potential is a scalar quantil
= Potential at infinity (V,,.} = 0.
*= Work done in a closed path in
electrostatics = 0.

MEMORY TRICK
“CPEC”
C — Conductor (E = O inside)
P — Polarization in Dielectric
E — Equipotential (Mo Work)
C — Capacitance (Stores Charge)

« Energy Stored

d = ation betwean = P
KegA bl plates () m Energy Stored in Capacitor
C= === K = dielactric constant (K > 1)
1
U=c-cv?
2
7 Effect on Capacitance U 1 ov
L3 + Directly proportional to A and K =
2
A + Inversely proportional to d U= ..Q_
L 2C
Unit:  joule (J)
Comparison Table @ PYQ TIP
Feature Series Combination Parallel Combination Important PYQs come
Equivalent Capacitance | Less than smallest Groater than largest from:
capacitor capacitor Potential due to Point
Charge (Q) Same on all capacitors Diffarant g::i'::"o"i'::'surfaus .
Potential Differanca (V) | Divides among capacitors | Same across aach E-V Relation )
B capacitor Capacitance (with/without
! dielectric)
Usze Voltage division Charge storage Combination of Capacitors
Energy Stored in Capacitor
CONCEPT MAP (Quick View)
§_ . '
o 92 Electrostatic Potential | Dusto
(Scalas) s e )
Poirt Charge — =~  Dipole | System of Charge:
: l « Parallel Plate
Equipotential Surfaces | . PotentislEmergy | | Capacitance |, = Series & Parallel
(Mo work, E L surface) | | (2 Charges / Dipcle) |

All the Best for Boards!
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CHAPTER 03

CURRENT ELECTRICITY

1. ELECTRIC CURRENT 2. FLOW OF ELECTRIC CHARGES 3. DRIFT VELOCITY
IN A METALLIC CONDUCTOR

Average velocity acquired by free electrons in a

Electric current is the rate of flow of
electric charge. In a metal, current is due to the flow of free conductor due to the applied electric field.
electrons. 7
. L
(Unit: ampere, A) e o° @ o e I nAe
o _® @ o® :
1TA=1Cs? - where, n = number density of free electrons
@ o > @ -r. H
. A = cross-sectional area
Conventional current flows from (Conventional current) e = charge of electron (1.6 x 1077 C)
higher potential to lower potential. = 5 ¥ 1
Electrons drift opposite to the conventional current. Direction of v, is opposite to [I.

h

4. MOBILITY AND ITS RELATION 5. OHM’S LAW 6. V-1 CHARACTERISTICS
WITH CURRENT

T . = s . At constant temperature, current (a) Linear (Ohmic Conductor) | (b) Non-linear {Non-chmic Conductor)
M?_:JI t:tyi(":();_s Itge diftvelocityjacquired|per. through a conductar is directly
bl el Where, proportional to the potential v Vv
i) . n = number density difference across it.
p=-3 (Unit: m? v=1s"1) i
E A = cross-sectional area |
e = charge of electron
Since E = ¥ and I = nAdev, i
£ 1 = maobility o
[ e e . W 7 " o
g i ik ndeu v £ = length of conductor where, R = resistance (ochm, () L I
L ¢ J £ ={glectzic sk v Straight line Curve
Current is directly proportional to Vis|potentialdifference R = b7l (R = constant) (R # constant)
potential difference (V) for a given
| conductor (Ohm's law).

DEPENDENCE

N 2 |

7. ELECTRICAL ENERGY AND POWER 8. RESISTIVITY AND CONDUCTIVITY 9. TEMPERAT!
OF RE

Electrical Energy (W) Electrical Power (P) Resistivity (p) Conductivity (o) For metals (approx.)
Work done in time ¢: Rate of doing work: I I | [ 1 (R = Ra[1 + (T — T,
| [t R, O o r = Roll + a(T — Ty)]
2 i — v2 l A | P where,
W=Vt =I’Rt = — ¢t P=—=VI=I*R=— o R, = resistance at temperature T
R ] t R Unit: Q m Unit: S m~" Ry, = resistance at reference temperature T,
{Depends on material (Siemens per meter) a = temperature coefficient of resistance (K~1)
Unit: joule (1) or watt-hour (Wh) Unit: watt (W) and temperature) o semicantiictasdReaisiance dosesses
L Good conductors: high a (low p) L with increase in temperature.
10. INTERNAL RESISTANCE OF A CELL 11. POTENTIAL DIFFERENCE 12. COMBINATION OF CELLS
AND EMF OF A CELL q - R
A real cell has some resistance (r) inside it. (a) Series Combination (b) Parallel Combination
Potential Difference (V) EMF (&) | & & £ | Ié—:"- "
& r 1 2 n I L
__________________ " Energy spent per unit charge  Energy supplied per | | |
P4 i | AN 1 1 between two points. unit charge by the k= _' I fgg' T
g+ i SR, cell (open circuit). =
R R R _| e o |
1 = w [ = |
- q 5 = — J E:eq=5[+§2+---+8,, 1 1 1
Terminal potential difference across R: ———— 1 | . = & Ty B ey
Teq=T1+ a4+, |F n
V=IR=&—Ir [ 5 ] iy l | J
. For a cell delivering current: & = + Ir J]| (If cells are identical: &, = &, r = %]
13. KIRCHHOFF’S RULES 14. WHEATSTONE BRIDGE Symbols Used
‘ (a) Junction Rule (KCL) A bridge is balanced when no current flows : Current (A) Current : ampere (A)
Algebraic sum of currents at a junction is zero. through the galvanometer (G). ¢ Potential difference (V) Charge : coulomb (C)
I I Ahesistance (Q} - Potential : volt (V)
h+L=6L+1I, - lintagnalresiatancal(sl) Resistance : ohm (£2)
. EMF (V) - i
: Resistivity (£2 m) E=rey st 3
I 1, Power : watt (W)

: Conductivity (S m~1)
: Mobility (m? V! s")
: Drift velocity (m s™')

: Area (m?)

: tumber density (m-) | (G

Resistivity : 2 m

(b) Loop Rule (KVL)

Algebraic sum of potential differences
around any closed loop is zero.

Conductivity : Sm !

L v

+| =
L

L E YR E R TR Y

: Charge of electron (C) All relations are for
Z(ifR)+ Z(i£)=0 i e ¢ Length (m) steady current and
Balance condition: : Temperature (K) uniferm conductors
(Ol' Z V= U) P R | unless stated.

] —_— == or PS = QR
Q 5
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MULTIPLE CHOICE QUESTIONS
For Aspiring DOCTORS

1. In a metallic conductor, if the length is doubled keeping the cross-section and applied voltage
constant, the drift velocity: [NEET 2025]
(a) Doubles (b) Halves (c) Remains same (d) Becomes four times
2. A wire obeys Ohm's law. If the current through it is tripled, the resistance: [AIIMS 2024]
(a) Triples  (b) Reduces to one-third (c) Remains the same  (d) Increases nine times
3. The resistivity of silver at 20°C is 1.6x107® Qem. A silver wire of length 2 m and radius 1

mm has resistance approximately: [NEET 2025]
(a) 0.010 Q (b) 0.020 (c)0.032 Q (d) 0.064
4. When n identical resistors of resistance R are connected in series and then separately in
parallel, the ratio of power consumed (series: parallel) for the same supply voltage is: [AIIMS]
(a) 1:n? (byn%: 1 (©)I:n (dn: 1
5. In a meter bridge, if P and Q (the ratio arms) are interchanged and the null point shifts from
40 cm to 60 cm. This confirms: [NEET 2023]
(a) P=Q (b) P=3Q/2 (c) P/Q=2/3 (d) The bridge is faulty

For Aspiring ENGINEERS

6. The drift velocity of electrons for a conductor connected to a battery is v. If the radius and
length of the conductor are both doubled, keeping the voltage constant, the new drift velocity

will be: [JEE Main 2023]

(a) v/2 (b)v (c)2v (d) v/4

7. A copper wire has a resistance of 10 Q at 0°C. If the temperature coefficient of resistance

is 4 x 1073 /°C, its resistance at 100°C will be: [JEE Main 2022]
(a)12Q (b) 14 Q ()16 Q (d)20Q

8. Two cells of emf 2V and 4V and internal resistance 1Q and 2Q respectively are connected in
parallel. The equivalent emf is: [JEE Main 2024]
(a)3V (b) 2.67V (c) 2.5V (d)2v

9. The voltage and current between points A and B shown in the circuit are [JEE Main 2026]

(a) 24V, 12A (b) 24V, 4A (c) 18V, 12A (d) 27V, 4A

10. Two cells of emfs 1V and 2V and internal resistance 2 Q and 1Q,
respectively connected in parallel, gave current of 1A through an external
resistance. If the polarity of one cell 1s reversed, then value of current ~=—r
through the external resistance will be = A The value of a is [JEE Main 2026]

(a)3 (b)2 (C) 1 (d) 4

11. Figure shows a current carrying conductor of non-uniform cross section. Current I is flowing
from left to right as shown. Which of the following relation is correct? (Symbols have usual
meaning) |

(@oa=os  (b)EA<Ep (c)vg, <vg, (d)Allofthese U

12. The magnitude and direction of the current in the circuit

1 e 2
shown will be =t b
(a) %A from a to b through e (b)gA from b to a through e
(c) 1 4 from b to a through e (d)1 4 from a to b through e s

d AW 4
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13. Two identical cells send the same current in 2 ohm resistance, whether connected in series or
in parallel. The internal resistance of the cell should be

(@0 (b) 0.5Q2 (c) 1.5Q (d) 2Q
14. The charge on the shown capacitor in steady state is 6 uF
|1
1
@4pC  ®SPC  (12pC  (d)Zero 2 | 200
15. Cells are able to generate current with biological cells called electro AI" )
plaques. The electro plaques in an eel are arranged in 100 P by 028
. . W~ —wWw-- - - - 1w
rows, each row stretching horizontally along the body of the I L
fish containing 5000 electro plaques. The arrangement is ”““soloo cleciroplaques perzow !
suggestively shown below. Each electro plaques has an emf 100 eows

of 0.15 V and internal resistance of 0.25 Q. The water
surrounding the eel completes a circuit between the head and
its tail. If the water surrounding it has a resistance of 500 €,
the current an eel can produce in water is about 500
(a) 154 (b)3.04 (c)154 (d)304
16. Two batteries, one of emf 18 volts and internal resistance 22 and
the other of emf 12 volt and internal resistancel(2, are connected as 187, 2
shown. The voltmeter V will record a reading of :
(a) 15volt  (b)30volt (c)l4 volt (d) 18 volt AP
17. The internal resistances of two cells shown are 0.1(2 and 0.312. 27, 0.1 277, 0.3
If R = 0.202, he potential difference across the cell '!_{ L‘
(a) B will be zero (b) 4 will be zero
(c)4 and B will be 2V (d) 4 will be > 2V and B will be < 2V 0.2
18. In Wheatstone's bridge P = 9Q, Q = 11Q, R =4Q and S = .
6€Q2. How much resistance must be put in parallel to the resistance S to balance the bridge

(a)24 Q (b) % Q (c)26.4 Q (d) 18.7 Q

19. When the key K is pressed at time t = 0, which of the " B
following statements about the current / in the resistor AB of L T 00 ]

the given circuit is true l B
(a) I=2mA atallt (b) ] oscillates between 1 mA and 2mA 1 — g

(c) I=1mAatall¢

(d) Att=0,7=2mA and with time it goes to 1 mA4

20. Masses of 3 wires of same metal are in the ratio 1: 2: 3

and their lengths are in the ratio 3 : 2 : 1.The electrical resistances are in ratio

(a)1:4:9 (b)9:4:1 (c)1:2:3 (d)27:6:1
ANSWERS (MULTIPLE CHOICE QUESTIONS)

1. (b) E=V/L. Doubling L halves E. v¢ = eE1/m < E — vq4 halves.

2. (c) For an ohmic wire, R = V/I is constant (independent of I or V). Resistance doesn't

change.

3. (@) Rr=10(1 +4x1072 x75)=10(1 +0.3)=10 x 1.3=13 Q.

4. (@) Pseries = V¥(nR); Pparalel = V#/(R/n) = nV?/R. Ratio = (V?>/nR)/(nV#R) = 1/n.

5. (c) Initially 1=40cm: P/Q = 40/60 = 2/3. After swap I=60cm: Q/P = 60/40 — P/Q still 2/3.
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6. (a) v/2, va = eEt/m = eV1/(mL). Since L is doubled (2L), va becomes v/2. Radius change
doesn’t affect vq if V and L are considered, though it affects current.

7. (b) 14 Q, Explanation: R =Ro(1 + aAT) =10(1 +4 x 1072 x 100) = 10(1 + 0.4) = 14 Q.

8. (b)2.67V, eeq=(el/rl +&2/12)/ (1/r1 + 1/12) =(2/1 +4/2) / (1/1 + 1/2) = (2+2)/(1.5) =4/1.5

—8/3=2.67V.
9. (b) 24V, Eeq =27V and Req = 3/4Q, Inp = 6+237 A Vas=4x6 =24V
10. (a) 3

11. (d) All of these
12. (d) Applying Kirchoff's voltage law
10—4

—1><i+10—4—2><i—3i=0:>i=1A(at0bviae).:Currentz%zT:1.0A

. 2E
13. (d) In series , i; =
(d) > 242
E 2E . . . 2E 2E
In parallel, I, = — = —, Since iy, =i, >— = =>7r =20
2+E 4+r 4+r 2+2r

14. (a) Potential Difference across capacitor =2/3 V,Q=CV so Q =4 uC

E
15 (a) given problem is the case of mixed grouping of cells] = %ﬂ, so total current produced.

m
Here m=100, n=5000,R=500Q . E=0.15 V and r =0.25 Q, i = ——0X31> __ | 54
500 + oo
E E
16 (c) Reading of voltmeter, Eq= % =(18*1+12%2)/ (1+2) =14V
1 2

17 (a) Applying Kirchhoff law, (2+2)=(0.14+0.3+0.2)i =i = 23—0/1, Hence potential

difference across 4 = 2 — 0.1 X 23—0 = %V (less than 2V), Potential difference across B = 0
18 (C)B = 5, (For balancing bridge = S’ = A4 l, =12 1ol o= 2640
Q S 9 9 S T 6 44 6 r

19 (d) At time ¢ = 0 i.e. when capacitor is charging, current i = 10% = 2mA
When capacitor is full charged, no current will pass through it, hence the current through the

. 2
circuiti = — = 1mA
2000

20 (d)27:6:1as Ras
EXERCISE QUESTIONS

1. A 50V battery is connected across a 10 Q resistor. The current is 4.5 A. The internal resistance
of the battery is

(a) Zero (b) 0.5Q (©)1.1Q (d)5.0Q
2. Two batteries, one of emf 18 volts and internal resistance 2 Q and @
the other of emf 12 volt and internal resistance 1 Q are connected as
shown. The voltmeter Vwill record a reading of

1817 2
1+

(a) 15 volt (b) 30 volt (c) 14 volt  (d)18 volt 127,

3. The magnitude and direction of the current in the circuit shown will Y "

be )

(a) gA from a to b throughe  (b) %A from b to a through e e
E(r=2.67)
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(c) 1 Afromb toathroughe (d) 1A fromatob throughe

1 e :
4. A torch bulb rated as 4.5 W, 1.5 V is connected as shown in the figure. e
The e.m.f. of the cell needed to make the bulb glow at full intensity is X

(a) 457V (b) 1.5V (c)2.67V (d) 13571V ¢

5. Two batteries of e.m.f. 4V and & V with internal resistances 1 Q and . e
2 Q are connected in a circuit with a resistance of 9 Q as shown in figure.
The current and potential difference between the points P and Q are °

(@ A3V (b) A4V (9 A (d) 54,12V

ANSWERS (EXERCISE QUESTIONS)
L 2 (@ 3 @ 4 @ 5 @

ASSERTION & REASON QUESTIONS

Read the assertion and reason carefully to mark the correct option given below

(a) If both assertion and reason are true and the reason is the correct explanation of the assertion.
(b) If both assertion and reason are true but reason is not the correct explanation of the assertion.
(c) If assertion is true but reason is false.

(d) If the assertion and reason both are false.

1. Assertion (A): Drift velocity of electrons in a conductor increases when the temperature of
the conductor is increased, keeping the potential difference constant.

Reason (R): At higher temperatures, the relaxation time of electrons decreases due to increased
lattice vibrations. [NEET 2017]

2. Assertion (A): The current density J in a conductor depends on both the magnitude and
direction of the electric field E.

Reason (R): Current density is a vector quantity defined as J = oE, where o is the electrical
conductivity. [AIIMS 2020]

3. Assertion: The temperature coefficient of resistance is positive for metals and negative for
semiconductor.

Reason: The effective charge carriers in metals are negatively charged whereas in
semiconductor they are positively charged.

4. Assertion: In the following circuit emf is 2/ and internal resistance of
the cell is 1 Q and R = 1Q, then reading of the voltmeter is 1V.

Reason:V=E—irwhereE=2V,i=§= 1Aand R=1Q

5. Assertion (A): The resistivity of all materials is temperature-independent. [AIIMS 2020]
Reason (R): Resistivity depends only on the type of material, not on its dimensions.

6. Assertion: Electric appliances with metallic body have three connections, whereas an electric
bulb has a two pin connection.

Reason: Three pin connections reduce heating of connecting wires.

7. Assertion: The drift velocity of electrons in a metallic wire will decrease, if the temperature
of the wire is increased.

Reason: On increasing temperature, conductivity of metallic wire decreases.

8. Assertion (A): When a wire of resistance R is cut into n equal pieces and all are connected in
parallel, the new resistance is R/n?.

Reason (R): Each piece has resistance R/n. When n such pieces are in parallel, equivalent
resistance = (R/n)/n = R/n?. [NEET 2023]
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Assertion: The electric bulbs glows immediately when switch is on.

Reason: The drift velocity of electrons in a metallic wire is very high.

9. Assertion: Bending a wire does not affect electrical resistance.

Reason: Resistance of wire is proportional to resistivity of material.

10. Assertion: In meter bridge experiment, a high resistance is always connected in series with

a galvanometer. Reason: As resistance increases current through the circuit increases.

ANSWERS (ASSERTION & REASON QUESTIONS)

1. (d)Explanation: Assertion is WRONG: drift velocity decreases at higher T because vq4 =

eEt/m and t decreases.

2. (a) Explanation: Both statements are correct. J] = oE is a vector relation — J is in the

direction of E (for isotropic conductors), and ¢ is the proportionality constant.

3. (b) The temperature co-efficient of resistance for metal is positive and that for semiconductor
is negative. In metals free electrons (negative charge) are charge carriers while in P-type
semiconductors, holes (positive charge) are majority charge carriers.

4. (a)Here,E=2V,1=§=1Aandr=1.(2.Theref0re,V=E—ir=2—1><1=1V

5. O (MO @ O@ 10)()
EXCERCISE-- ASSERTION & REASON

1. Assertion: Voltameter measures current more accurately than ammeter.
Reason: Relative error will be small if measured from voltameter.

2. Assertion : Electric field outside the conducting wire which carries a constant current is zero.
Reason: Net charge on conducting wire is zero.

3. Assertion: The resistance of super-conductor is zero.

Reason: The super-conductors are used for the transmission of electric power.

4. Assertion: Each bulb in a frill of 20 bulbs in series when connected to supply voltage will
emit more light than each bulb in frill of 19 bulbs in series when connected to same supply
voltage.

Reason: Each bulb in a frill of 20 bulbs in series will get less voltage than that in frill of 19
bulbs.

5. Assertion : Kirchhoff's voltage law indicates that electro static field is conservative.
Reason: Potential difference between two points in a circuit does not depend on path.

ANSWERS ( EXCERCISE-- ASSERTION & REASON)

I.(a) 2. (& 3. (b) 4. (d) 5. (a)

VERY SHORT ANSWER TYPE QUESTIONS

1. Plot a graph showing variation of current versus voltage for the material GaAs.

2. Two materials Si and Cu, are cooled from 300 K to 60 K. What will be the effect on their

resistivity?

3. A cell of emf (E) and internal resistance (r) is connected across a variable external resistance

(R). Plot graphs to show variation of (i) E with R, (ii) Terminal p.d. of the cell (V) with R.

4. A p.d. of V volts is applied to a conductor of length L and diameter D. How will the drift

velocity of e’s and the resistance of the conductor change when (i) V is doubled (ii) L is halved

and (ii1) D is halved, where is each case, the other two factors remain same. Give reason.

5. Two wires, one of copper and the other of manganin, have same resistance and equal thickness.
Which wire is longer? Justify your answer.
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6. The plot of the variation of potential difference across a combination of v
three identical cells in series, versus current is as shown below. What is
the emf of each cell?
7. Why are alloys used for making standard resistance coils? o :
8. A torch bulb rated as 4.5 W, 1.5 V'is connected as shown in the figure. ®
The e.m.f. of the cell needed to make the bulb glow at full intensity?
9. The amount of electric charge passing through a cross-section of wire in
time t is Q (t) = At> + Bt + C. Where A, B and C are constants having I
values 5, 4 and 1 respectively. Calculate the electric current at t = 4s.
10. I -V graph for a metallic wire at two different temperatures, T1and T is
as shown in the figure. Which of the two temperatures is lower and why?
ANSWERS (VERY SHORT ANSWER TYPE QUESTIONS)
1. The variation of electric current with applied voltage for GaAs is as

2. In silicon, the resistivity increases  In copper, the resistivity decreases

T ForSiicon For Copper Voltage V{v) —
j P k

T

«— Current I (mA) —»

T(K)—>

3. (1) The emf E of a cell is independent of
external resistance (R). (i1) The terminal p.d. V = IR = H_LRR =

&4 On increasing R, V increases. When R =0, V= 0. When R = “/
T
r,V=§,WhenR—>OO,V=E. o —
_eE eV N
4.V, = —1=—1 and R Py = P—3
(1) When V is doubled, V; becomes double and R remains unchanged.
(i1)) When / 1s halved, V; becomes double and R becomes halved

(i11)) When D is halved, V,; remains unchanged and R becomes 4R.

5. Copper, R = %l, pl = Const.
6. Let E be emfof each cell and r be the total internal resistance of circuit. ~ The
equation of terminal potential difference V=3E—-1Ir........... (1)

AtV =6V, 1=0. Therefore fromeq (1),6 =3E —0=FE =2V
7. Alloys like Manganin and Constantan are used to make standard resistance coils because of
their high resistivity and low temperature coefficient of resistance. This makes their resistance
relatively stable and predictable over a range of temperatures, which is crucial for accurate
measurements. Additionally, alloys are generally less susceptible to corrosion than pure metals,

ensuring the longevity of the resistance coils.
. 5 . . 5
8. Current in the bulb = § = % = 3A, Current in 1 Q resistance = 1T = 1.54,Hence total

current fromthe cell i =3 + 1.5 =4.54,ByusingE =V +ir > E =15+
4.5 % (2.67) = 13.5V

9"=Z_f’ [=2At+B,1=44 A
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10. If a constant current I flows through the conductor, resistance at temperature T and T> is
R>>R;

EXERCISE QUESTIONS
1. Current of 4.8 amperes is flowing through a conductor. Find the number of electrons per
second.
2. When the current i is flowing through a conductor, the drift velocity is v. If 2i current is
flowed through the same metal but having double the area of cross-section,

then find the drift velocity. A
3. What is the value of I in the given current distribution? I 2A
4. Current is allowed to flow in a metallic wire at a constant potential 3A

difference. When the wire becomes hot, cold water is poured on half of >

its portion. By doing so, its other half portion becomes still more hot. Explain its reason.

5. The I-V characteristics of a resistor are observed to deviate from a
straight line for higher values of current as shown in the adjoining
figure why?

SHORT ANSWER TYPE QUESTIONS

1. A potential difference V is applied across the ends of copper wire of length | and diameter D.

What is the effect on drift velocity of electrons if (i) V is halved (i) 1 =54 l
is doubled (i11) D is halved . =
2. Find the magnitude and direction of current in 1€ resistor in the given \
circuit. o

3. Figure shows two circuits each having a galvanometer
and a battery of 3V. When the galvanometers in each
arrangement do not show any deflection, obtain the ratio
Ri/Rz ? “’

4. In the adjoining circuit, the battery E; has an e.m. f. of ®
12volt and zero internal resistance while the battery E has o

an e.m. f. of 2volt. If the galvanometer G reads zero, then  , —wwn © B
find the value of the resistance X in ohm ?
5. Plot a graph showing temperature dependence of £ g A+ T £
resistivity for a typical semiconductor. How is this behavior
explained?

6. Answer the following:

(1) Why are the connections between the resistors in a meter bridge made of thick copper strips?
(i1)) Why is it generally preferred to obtain the balance point in the middle of the meter bridge

D C

wire? 00 5
(111)) Which material is used for the meter bridge wire and why?
7. In the circuit shown in the figure, the galvanometer ‘G’ gives zero | : ' ‘ B
deflection. If the batteries A and B have negligible internal resistance, find

the value of the resistor R?

8. The plot of the variation of potential difference across a combination of
three identical cells in series, versus current is shown alongside. What is the v
emf and internal resistance of each cell?

0 1A —1
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9. Using Kirchoff’s rules determine the value of unknown g -

resistance R in the circuit so that no current flows through 4Q [

resistance. Also find the potential difference between A and D? mg’ m
6V

10. Calculate the value of the current drawn from a 5 V battery
in the circuit as shown.

ANSWERS (SHORT ANSWER TYPE QUESTIONS)
| _ I _VR__V
) Va neA neA neA(%“)

(1) V is halved then drift velocity is halved (ii) 1 is doubled then drift velocity is halved
(iii) Drift velocity is independent of D At
2. Use Kirchhoff’s laws to make equations, After solving the equations |
L=-12A

3. Sol. For balanced Wheatstone bridge, if no current flows through the

galvanometer

% = % So, Ri = 6Q and Ri - % so R» =4Q, Hence Ri/R =6/4=3/2
2

®

12
500+X

Eq
500+X

4. For no current through galvanometer, we have , ( )X =F= ( )X =2=X=100
Q

5. The resistivity of a typical semiconductor (carbon) decreases with increase

of temperature. The graph is shown in figure.

Explanation: In semiconductor the number density of free electrons (n)

increases with increase in temperature (T) and consequently the relaxation

period decreases. But the effect of increase in n has higher impact than

decrease of 1. So, resistivity decreases with increase in temperature.

6. (1) A thick copper strip offers a negligible resistance, so does not alter the value of

resistances used in the meter bridge.

(i1) If the balance point is taken in the middle, it is done to minimise the percentage error

in calculating the value of unknown resistance.

(ii1) Generally alloys magnin/constantan/nichrome are used in Meter Bridge, because

these materials have low temperature coefficient of resistivity.

7. If galvanometer G gives zero deflection, than current of source of 12 V flows through R, and

voltage across R becomes 2 V. Current in the circuit is

12
500+ R
And V=IR, () R =2 Solving R=1000
500+R
8. We know that for a circuit
V =E,q-1Rqq

From graph, when 1=0 A, then V=6 V and I=1 A, then V=0 V. Putting in equation and solving
Eeq= 6V and R.,= 2 Q, Hence emf of each cell = 2V. Resistance of each cell =2 Q
9. Applying Kirchhoff's loop rule for loop ABEFA,-9+6+4x0+2[=0,1=15A..(1)
For loop BCDEB,3+IR+4x0-6=0,~IR=3
Putting the value of I from (i) we have
I.5XR=3s0R=2Q
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Potential diff. between A and D through path ABCD
9-3-1IR=V,p 9-3-15x2=V4psoVup=3V

10. it is a balanced wheatstone bridge

Find equivalent resistance and hence find current [ = 0.5 A

LONG ANSWER TYPE QUESTIONS

1. (i) Answer the following giving reason: [CBSE 2026]

(I) The electron drift speed is estimated to be only a few mm/s for 12v,10Q
currents in the range of a few amperes. How, then, is the current I
established almost the instant a circuit is closed? e —

(IT) A large volage supply from which one needs high currents must I
have very low internal resistance. Why? o088

(IIT) The assertion that V =IR is a statement of Ohm’s Law is not true. Why?

(i1) Two cells of emf 12 V and 6 V are connected in parallel as shown in figure. Their internal
ressitance are 1 Q and 0.5 Qrespectively. Calculate the emf and internal resistance of the
equivalent cell between points A and B

2. (a) In the given figure, a steady current I flows through the circuit when points A and C are
connected by a wire of negligible resistance. Find the potential By-6V | Bp=aV
difference between B and C. [CBSE 2026] /=5 l—5~¢

(b) A battery of emf 21 V and internal resistance 3  is connected
to a resistor. If the current in the circuit is 3 A, find:

(1) Resistance of the resistor. (i1) The terminal voltage of the battery.

3. (a) An electric field E is established across the ends of a cylindrical conductor of length L and
area of cross section A. Discuss how electrons attain the average velocity, independent of
time. Hence, obtain a relation between current in the conductor and this ‘average velocity’ of
electrons.

(b) (1) The electron drift speed is estimated to be only a few mm/s for currents in the range of a
few amperes. How, then, is the current established almost the instant a circuit is closed?

(i1) Two copper wires having their radii in the ratio of 3:2 are connected in series across a battery.
Find the ratio of the drift velocities of the electrons in the wire.

4. (a) State Kirchhoff’s rules. Using these rules, find the current 5V

EAY
flowing through branch FC in the given circuit A Aﬁ’—”—g
[CBSE 2026] 2V g 8o

(b) Establish the relation between drift velocity of the electrons (v,) ¢

and electric current (I) in the conductor. . 40 o
5. (1) (a) Explain the statement: “Current is a scalar although we .

represent current with an arrow”. A B e
(b) Use Kirchhoft’s rules to find the current flowing through 3 Q |

resistor in the circuit shown in the figure. oy 393 20
(i1) How is v, affected when the length of the conductor is doubled, 10

keeping the voltage applied across the conductor constant? ’ E "

CASE STUDY BASED QUESTIONS

1. Read the following paragraphs and answer the questions that follow.
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. Whenever an electric current is passed through a conductor, it becomes L @
hot after some time. The Phenomenon of the production of heat in a
resistor by the flow of an electric current through it is called heating
effect of current or Joule heating. Thus, the electrical energy supplied
by the source of emf is converted into heat. In purely resistive circuit
the energy expended by the source entirely appears as heat. But if the
circuit has an active element like a motor, then a part of the energy supplied by the source
goes to do useful work and the rest appears as heat. Joule’s law of heating form the basis of
various electrical appliances such as electric bulb, electric furnace, electric press etc
I.  Alloys used for making standard resistance coils as alloys

(a) have more conductivity (b) less conductivity
(c) less temperature coefficient of resistivity (d) more temperature coefficient of
resistivity

II.  Nichrome and copper wires of same length and same radius are connected in series.
Current I is passed through them. Wire which gets heated up more is

(a) Nichrome (b) copper
(c) both gets heated up to same values (d) can’t say
II.  A25Wand 100 W are joined in series and connected to the mains. The bulb which will
glow brighter is
(a) 25W as it has high resistance (b) 100 W as it has high resistance
(c) 25W as it has low resistance (d) 100 W as it has low resistance
IV. The heat emitted by an iron of 100 W in 1 minute is
(a) 600J (b) 6000J (c) 60 (d)60000J

2. When electric field is applied across a conductor then the electrons move in the direction
opposite to the electric field due to electric force on them. The average velocity with which
free electrons get drifted in the direction opposite to the applied electric field inside a
conductor is called drift velocity. This motion of the electrons in the direction opposite to the
electric field is superimposed on their random motion. Drift velocity depends on electric field
applied, the nature of material and temperature. On increasing the temperature, relaxation
time decreases. Hence decrease in relaxation time, due to increase in temperature, will reduce
the drift speed.

I.  When a potential difference V be applied across a cylindrical conductor of length L and
radius R, is doubled then the drift velocity of electrons gets:
(a) doubled (b) four times (c) remain same (d) halved
II. Two wires made of same material but of different diameters are connected in series in a
circuit. The current flows in the combination of wires. When the current flows from the
wire with larger diameter to the one with smaller diameter then drift velocity of electrons:
(a) will decrease (b) will increase
(c) remains same (d) first will increase and after some time decrease
III. Two wires each of radius of cross section r but of different materials are connected
together end to end (in series). If the densities of charge carriers in the two wires are in
the ratio 1:4, the drift velocity of electrons in the two wires will be in the ratio:
(a)1:2 (b)2:1 (c)4:1 (d1:4
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IV. A current I flows through a uniform wire of diameter d when the electron drift velocity
is v.The same current will flow through a wire of diameter d/2 made of the same material
if the drift velocity of the electrons is
(a)v/4 (b) v/2 (c)2v (d) 4v

3. When the electric cell (source of EMF) is in a closed circuit, the current flows through the
circuit. There is a fall of potential across the the internal resistance of the cell. The terminal
potential difference between the two electrodes of the cell becomes less than the EMF of the
cell by an amount equal to to potential drop across the internal resistance of the cell. Thus, in
a closed circuit The terminal potential difference of a cell is always less than the the EMF of
the cell.

I.  EMF of a cell is independent of:

(a) size of the electrodes (b) quantity of electrolyte present in the cell
(c) distance between the electrodes  (d) all of these
II. Three cells of EMF, 2.0 V,2.5 V and 3.0 V are connected in series. Their internal resistances
are 0.20 Q, 0.20Q2 and 0.15Q respectively. The battery is connected to an external resistor
of 6.5 Q wire a very low resistance ammeter, what would be the reading of ammeter?
(a) 1.1Q (b) 1Q (©)2Q (d)2.1Q
III. A cell of emf E and internal resistance r is connected in series with an external resistance
‘nr’. Then ratio of terminal potential difference to emf is:
(a)l/n (b) 1/(n+1) (c) n/(n+1) (d) (n+1)/n

IV. In an experiment a student measures terminal potential difference (TPD) of a cell. When

the same cell is connected to an external resistance of 5 € then the TPD is 2 V and when

the same is repeated for an external resistance of 10 Q then the TPD is 2.4 V. What is the

EMF and internal resistance of cell?

(2)2.5 V,3Q (b) 3 V,3.5Q (c)3V,2.5Q (d)2.5V,;3
ANSWERS (CASE STUDY BASED QUESTIONS)

(e (i)a (iii) a (iv) b
(a ()b (iii) ¢ (iv) d
(d G a (ii)c (iv) c

EXERCISE QUESTIONS

1. In a metallic conductor, an electron, moving due to thermal motion, suffers collisions with
the heavy fixed ions but after collision, it will emerge out with the same speed but in
random directions. If we consider all the electrons, their average velocity will be zero. When
an electric field is applied, electrons move with an average velocity, known as drift velocity
(Va). The average time between successive collisions is known as relaxation time (7). The
magnitude of drift velocity per unit electric field is called mobility (1 ). An expression for
current through the conductor can be obtained in terms of drift velocity, number of electrons
per unit volume (n), electronic charge (-¢), and the cross-sectional area (A) of the conductor.
This expression leads to an expression between current density (J) and the electric field (E).
Hence, an expression for resistivity (p) of a metal is obtained. This expression helps us to
understand increase in resistivity of a metal with increase in its temperature, in terms of
change in the relaxation time (7) and change in the number density of electrons (n).

(1) Consider the contribution of the following two factors I and II in resistivity of a metal
I. Relaxation time of electrons
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II. Number of electrons per unit volume The resistivity of a metal increases with increase in its
temperature because :
(A) I decreases and II increases. (B) I'increases and II is almost constant.
(C) Both I and II increase. (D) I decreases and 11 is almost constant.

(i)  Asteady current flows in a copper wire of non-uniform cross-section. Consider the

following three physical quantities :

I. Electric field II. Current density III. Drift speed Then at the different points along the wire:

(A) II and IIT change, but I is constant. (B) I and II change, but III is constant.
(C) I and III change, but II is constant. (D) Al I, IT and III change.

(iii) The resistivity of iron is1 X 10”7 ohm — m. The resistance of a iron wire of particular
length and thickness is 1 ohm. If the length and the diameter of wire both are doubled, then
the resistivity in ohm — m will be

(a) 1x1077 (b) 2x1077 (c) 4x1077 (d 8x1077

(iv) The temperature coefficient of resistance for a wire is 0.00125/°C. At 300K its resistance

is 1 ohm. The temperature at which the resistance becomes 2 ohm is
(a) 1154K (b) 1100 K (c) 1400 K (d) 1127 K

2. The box which contains the resistors of different values for
estimating and comparing the resistance is known as
the resistance box. The accuracy of the resistance box is very
high. The main advantage of the resistance box is that the
variable resistances are available at one point
Resistance values are adjusted by removing the brass pegs. The box is constructed with the
pegs in parallel with precision wound resistance coils-with the peg in place the current flows
through the peg (approx. 0 ohms), when removed the current flows through the resistor.

If the length of material is small then surely, resistance will be low and current flows through
that material will be high. and if the cross- section area of material is small
then; resistance will be low and current flows thought material will be high.

(1) The resistances in a resistance box are arranged in-

(a) Series Combination (b) Parallel combination

(c) Mixed grouped (d) None of the above.

(i)  How can the values of resistors apply to a circuit be changed in a resistance box?

(a) By inserting the keys (b) By removing the keys

(c) By changing the connections. (d) By changing the coils inside the resistance box.

(ii1))  Which statement is correct-

(a) Resistance box is used to apply variable resistance and Rheostat is used to apply

constant resistance

(b) Rheostat is used to apply variable resistance and the Resistance box is used to apply

constant resistance.

(c) In resistance box, the value of applied resistance is known.

(d) In rheostat, the value of applied resistance is known.

(iv)  Why wire is double folded in resistance box?

(a) to nullify the inductance effect. (b) to increase the resistance
(b) for space arrangement (d) to increase the inductance effect.

ANSWERS (EXERCISE QUESTIONS)
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1 (Q)d
2 ()a

4 ELEC

(i) a
(i) b

(ii)a (iv)d
(i) b (iv)a

TRICITY FORMULA SHEET

#

@ ELECTRIC CURRENT

Electric current is the rate of flow
of electric charge.

I = Current (A)
Q = Charge (C)
t = Time (s)

© v-1cHARACTERISTICS

|
i (a) Ohmic Conductor (Linear)
|

Vel
Slope = R
(Resistance constant)

.
|
|
| o T

ples: Diode, Fil

(b) Non-Ohmic Conductor (Non-linear)

lamp, Th

Quick Revision * Key Concepts * Important Formulas

@) FLOW OF ELECTRIC CHARGES
IN A METALLIC CONDUCTOR
+ Current in metals is due to the flow
of free electrons.

Drift velocity (v,):

eEt
« Electrons move randomly in the absence vy =
of electric field. When an electric field (E) m
is applied, they acquire a small average Mobility (u):
drift velocity (v,) opposite to the field.
E . Py €T
> B E =3
->— —
e © Relation with current (I):

A 290 >0 —
e—© o—

Conventional current

e DRIFT VELOCITY, MOBILITY
AND RELATION WITH CURRENT

I=neAv, =neuAE

O oHm's Law

V=IR

e = charge of electron
E = electric field

t = relaxation time

m = mass of electron

V = Potential difference (V)
I = Current (A)
R = Resistance ()

Unit: m? v-1571

At constant physical conditions
(especially temperature), current
is directly proportional to the
potential difference.

= number density of free electrons

cro: 1 area of

@ ELECTRICAL ENERGY AND POWER

Electrical Energy (Work done):

VZ
W=VIt=I*Rt =

! — ¢
Val Li
icus hangas W = Energy (J), t = time (s)
with I Electrical Power:
0 I

2

Vv
=VI=I1?R = —
P I=1I"R R
ete.

o TEMPERATURE DEPENDENCE OF RESISTANCE

(For metals)
Rr =Ry [1 +a(T - TD)]

Ry = Resistance at temperature T

Ry = Resistance at reference temperature T,
a = Temperature coefficient of resistance (K1)

(For small temperature range)
Ry = Ry (1 + aAT)

AT=T-T,

(@) COMBINATION OF CELLS

(a) In Series (Add)

(b) In Parallel (Add)

P = Power (Watt)

1kWh = 3.6 x 10%J

€) INTERNAL RESISTANCE OF A CELL

E
: = 1 Terminal voltage,
——] b —m— V=E-Ir
I E = EMF of cell V)
B r = Internal resistance (£2)
AN I = Current (A)
= v
For semiconductors R = External resistance (%)
(NTC):
R decreases As current i 1 voltage d

as T increases

2D KIRCHHOFF'S RULES

(i) KirchhofPs Current Law (KCL)

At any junction (node),

In any closed loop,

E,
t

|
:

Ex  E
b ‘I*. e EJ? ELL £J+

‘ Algebraic sum of currents is zero.

):fin=

ZImn ZAV=0

Eeqq=E  +E;+E3+..

Teq=Ti+Ta+Ta+ .. 1

Tip: Und d +

Eqq=E,=E;=E;=..
(If cells are identical)

R,

numericals = Mastery Memorize * Understand * Apply

(ii) Kirchhoff's Voltage Law (KVL)

Algebraic sum of potential differences is zero.

@) RESISTIVITY AND CONDUCTIVITY

Resistivity (p): Conductivity (o):

——es

_ RA
aedey

i
2|

Unit of o: S m™!

g =

p = Resistivity ({2 m)

R = Resistance (L) Also,

A = Area (m?) ! 7

I = Length R = o e
ngth () I E X qal

() POTENTIAL DIFFERENCE AND EMF OF A CELL

EMF (E): F difference the
terminals of a cell when no current flows.
(It is the open-circuit voltage)

Potential Difference (V): Potential difference
between the terminals when current I flows
through an external circuit. R

| V=E-Ir

E > V (when cell is supplying current)

(E) WHEATSTONE BRIDGE

Balance condition
(no current through G):

Unknown resistance,

— ) =3
P

S=
Ry

Used to find unk i 1

ﬁ Keep Revising, Keep Excelling!
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CHAPTER 04

04:, MOVING CHARGES AND MAGNETISM

CBSE CLASS 12 PHYSICS - QUICK REVISIO

KEY LAWS & PRINCIPLES

OERSTED'S BIOT-SAVART LAW AMPERE'S CIRCUITAL LAW LORENTZ FORCE TORQUE ON CURRENT LOOP
OBSERVATION Magnetic field dB ata point Line integral of B around any Force on a charge g moving A current loop in magnetic
A current-carrying due to current element Idl. closed path is ug times the with vf]ccity T in magnetic field experiences a torque.
conductor produces a 1di i redEncisnd field B.

magnetic field around it.
- - =
P = T = ux B

I ——— F = q(¥ x B)
g B.dl = polepa
55 |7l = pBsind
T o s F = |g|vBsin 8
i — e ke x i = NIA A
ax l (8 = angle between ¥ and B) A
(7 : normal to the plane)

7 : unit vector from element

to point
2. DIRECTION RULES TOOLKIT 3. MOTION OF CHARGED PARTICLE IN UNIFORM MAGNETIC FIELD
RIGHT HAND FLEMING'S LEFT FORCE DIRECTION Case Condition Path Key Formulae Diagram
THUMB RULE HAND RULE FOR CHARGES 3 . 5
{Magnetic field around (Force an conductor) . 1. 7B Sfraightiling F=0 —— i
a current) ositive charge (+q) (Mo deflection) —» B
1 First finger — H I Tl B F = gquB (centripetal) % x
(Field) —
2. v.1B Circular path g IRTi i
2 lg|B
Middle fingar — I MNegative charge (-q) T = 2mm
[Current) lalB
B =3
Thumb — F v, = vsind
(Foree) F # at angle wy = vcosf
3. = Helical path
+ Thumb — Current_- - B 8 to B R = B
= Curled fingers — B Use F = g(v x B). lq|B
For —q, force is opposite. Pitch p = v, T
4. APPLICATION BOX — GALVANOMETER & CONVERSIONS 5. MOST COMMON STUDENT MISTAKES (TOP 6)
o Magnetic force changes the speed of a charged particle. x
MOVING COIL GALVANOMETER (MCG) CONVERSION TO AMMETER (Fatadi]lbonf ehanaas ditactcn
@ Currents in the same direction in parallel wires repel. x
I I (False: They attract)
G E) Magnetic field is maximum at the centre of a current loop. x
s (False: It is maximum on the axis at the centre, but not at edges)
Hair spring o An ammeter is connected in parallel in a circuit, x
At full scale deflection (1.): (Falze: Ammeter is in series)
Torque: T = NBAT I.G = (I-I)8 ) Magnetic field lines intersect each other. »®
Restoring torque: 7, = k# s DL {Laiss. Hmvipevarintsrsect)
o o Bl . =S =E Increasing the number of turns always increases
At equilibrium: NBAI = k8 1-1Ig e voltage sensitivity. (Depends also on resistance) ¥
N, W A Purpose: Measure current in a circuit.
NBA 6. QUICK COMPARISON TABLES
B = e NEA
Current sensitivity, Sy = T W CONVERSION TO VOLTMETER ELECTRIC FORCE vs MAGNETIC FORCE AMMETER vs VOLTMETER vs GALVANOMETER
o LA P NBA R Aspect Electric Force Magnetic Force Feature Ammeter Voltmeter Galvanometer
A Shor Sl Moving charge (g Quanti Potential Small Current
SenstviLy. i’:{ ; j h ing charge (g Y
U4 ke Astegn Srerl ar current 1) measured Lot Difference (V) m
. » e k M 3 sx B Usually in
(Figure of merit K = — = ——— . 5 o Fg = qli = B) : r
T NBA ol s neonl I Expraasion Fy g or F = (T % B) Connection Series Paraltel ..-.:.::i.:.g
V =TI, (R + G) Magnitude Fy = [g|E ::-!I__ _|“_|l'{'_ _n: e Ubry:wv Very high e i
Purpose: Detects small currents / =R = _V Sete e p = - e (=0} { =)
T L, o Eifey o = M LT Dietect
miessuresiCUITRaL . Direction | sqtopposietor ) | G apd Bjor Famd By | | PP | ol voiage | senalleurrart
Purpose: Measure potential difference. R,
Wk Ogr= Canlde [an charga) Conversion = From galvanomeler  gage instrument
[iwith series resistor)
EMoctomapeed  Can change Does not change
speed spaed (only direction)
7. EXAM BOOSTER
MOST IMPORTANT DERIVATIONS FREQUENTLY ASKED CONCEPTS HIGH-WEIGHTAGE FORMULAE (MUST MEMORISE)
+ Magnetic field due to a long straight current carrying wire » Direction of magnetic field around a current o I 3 B B 47 =
(B Jiuf) carrying conductor F = q(¥ x B) : § B.dl = polena
T Znr : - 2 ;
I Wh tic fare 7 - F = vBsing F 1,1
+ Magnetic field at centre of circular loop (B = £2 ) : ke A S z_em " A lal o & o Badica
=~ d 2R » Why does a charged particle move in a circle I L 2ad
= Magnetic field inside long selenaid (B = p,nl) in a magnetic fiald? i B = Ho Y
= Force between two parallel current carrying conductors + Relation between magnetic field and force on 2nr asainie ] + T = pgx8B
~ —— Strai wire
( Fo_ opadily :] maoving charge / current element sol E « T = NBIAsinég
L 2med » Conversion of galvanometer to ammeter « B = =0 circular loop) o NBA
+ Torgue on a rectangular current loop and voltmeter ZR - 5 = %
(v = NBiAsin@) + Why magnetic farce does no work? ;
s ] . NBA . ; « B = ponl (solencid) . $., = NBa
+ Deflection in moving coil galvanometer {9 - ) + Torque and stablefunstable equilibrium L

of current loop

ZIET MYSURU-SSM PHY SICS-X11-2026-27




10.

Multiple Choice Questions

. A metallic rod of mass per unit length 0.5 kg/m is placed horizontally on a smooth plane

inclined at 30° to the horizontal. A uniform magnetic field B = 0.25 T acts vertically
upwards. To prevent the rod from sliding down the incline, the current I required to flow
through the rod is:

(a) 7.14 A (b) 11.32 A (c) 1476 A (d)5.98 A

A particle of charge -2 mC moves with a velocity vector v = (21 + 3j) x 10° m/s through a
region with a uniform magnetic field B = 2j T. The Lorentz force F acting on the particle is:
(a) 8 x 10° N along +k (b) 4 x 10° N along -k

(c) 8 x 10° N along -k (d) 12 x 10* N along +k

Two long parallel wires are separated by a distance of 10 cm, carrying currents [ =5 A and
I =10 A in opposite directions. An electron is projected exactly midway between the wires
with a velocity of 107 m/s parallel to the wires. The magnitude of the net magnetic force on
the electron is:

(a)9.6 x 10" N (b) 1.92 x 107'* N (¢)3.2x10'*N (d) Zero

A very long straight wire carries a current [ along the positive Y-axis. At a certain instant, a
charge +Q at position (x, 0, 0) moves with velocity v = vi. The direction of the magnetic
force on the charge is:

(a) Along -Z (b) Along -Y (c) Along +Z (d) Along +Y

A deuteron (2u, +e) and a proton (1u, +e) enter a magnetic field with the same kinetic
energy. If the deuteron describes a circle of radius 0.5 m, the radius of the proton's path is:
(a) 0.5/\2m (b) 0.5V2 m (c) 0.25m (d) 1.0 m

Two identical circular coils of radius R and N turns are placed concentrically such that their
planes are at right angles. If currents I and V3I flow through them respectively, the resultant
magnetic field at the center is:

(a) poNI/ 2R (b) 2pmoNI/ R (c) woNI/R (d) V2oNI / R

A non-conducting ring of radius R has a total charge Q distributed uniformly. It rotates with
an angular velocity o about its axis. A uniform magnetic field B is applied perpendicular to
the axis. The torque on the ring is:

(a) (1/2)QwR*B (b) QwR*B (c) (1/4)QwR*B (d) Zero

Three parallel long wires are placed such that they form an equilateral triangle of side d in
the cross-sectional plane. Each carries current I in the same direction. The force per unit
length on any one wire is:

(a) pol? / 2md (b) V3 wol? / 2nd (c) pol?/md  (d) 2pol? / nd

A square loop of side L carrying current I2 is placed in the same plane as a long straight
wire carrying current Ii. The side of the loop nearest to the wire is at a distance L. The net
force on the loop is:

(a) },lolllz /2n (b) },lolllz / 4n (C) },lolllz / 6m (d) Zero

A circular loop of radius 10 cm carries 5 A current. If it is placed in a uniform field B = 0.2
T such that its plane is perpendicular to the field, the net force and torque are respectively:
() 0.1 N, 0.01 Nm (b)0,0 (¢)0.5N,0 (d) 0,0.05 Nm
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11. A moving coil galvanometer (MCG) has a resistance of 100 Q. It gives a full-scale
deflection for 10 mA. The current sensitivity is 2 div/mA. The voltage sensitivity of the
galvanometer is:

(a) 20 div/V (b) 0.02 div/V (c) 200 div/V (d) 5 div/V

12. A galvanometer of resistance G is shunted by a resistance S. To protect the instrument, a
fuse of resistance Ry is added in series only to the galvanometer branch. If the original full-
scale deflection current was I, the new maximum current I that the ammeter can measure
is:

(@) Iy [1+ (G + Ry)/S] (b) Iy [1 + G/(S + Ry)]
(©) I; [(G+S)/S] (d) Iy [1+S/AG + Ry)]

13. A moving coil galvanometer has its number of turns increased by 25% to increase its
current sensitivity. However, due to the thinner wire used, the internal resistance of the coil
increases by 50%. The resulting percentage change in its voltage sensitivity is:

(a) 25% increase (b) 16.67% decrease (c) 20% decrease (d) 10% decrease

14. A square conducting loop of side a and current I is placed in a uniform magnetic field B.
The minimum work required by an external agent to rotate the loop from its most stable
equilibrium orientation to its most unstable equilibrium orientation is:

(a) Zero (byIa>B (c)21a*’B (d)-1a>B

15. Using Ampere circuital law, magnetic field inside a long solenoid is independent of:

(a) Current (b) Turn density (c) Core permeability (d) Amperian loop shape

16. Figure of merit of a moving coil galvanometer is the current
(a) Needed for full scale deflection (b) Needed to just move the needle
(c)Needed to move the needle by 1 division on scale  (d) None of these

17. A charged particle moving along +x enters a region where a uniform magnetic field exists
along +y. If the particle is negatively charged, initial deflection is toward:
(a) +z (b) =z (c) +ty (d) —=x

18. A rectangular loop carrying current I is free to rotate in a uniform magnetic field. Stable
equilibrium occurs when magnetic moment is:
(a) Parallel to B (b) Antiparallel to B (c) Perpendicular to B (d) Zero

19. A charged particle enters a magnetic field and continues undeflected. This can occur if:
(a) v Il B only (b) =0 only (c)v=0only (d) More than one of these
situations

20. At the centre of a regular hexagonal loop carrying current I, magnetic field is B. If current
is reversed in three alternate sides only, resultant field is:
(a) Zero (b)B/3 (c) B/2

1 (b) 2 (c) 3 (a) 4 (d) 5 (a)
6 | © | 7 | @ | 8 | ® | 9] ® | 10] 0
Nl @ | 12 @ | 13]0]14]c |15/

ANSWER KEY WITH EXPLANATION

6 @ | 17 ® | 18] @/ 19 @] 2 |

Assertion-Reason Questions

ZIET MYSURU-SSM PHY SICS-X11-2026-27




Instructions:

(a) Both A and R are true and R is the correct explanation of A.

(b) Both A and R are true but R is NOT the correct explanation of A.
(¢) A is true but R is false.

(d) A'is false but R is true.

Assertion: The kinetic energy of a charged particle moving in a uniform magnetic field
remains constant.
Reason: A moving charged particle experiences a magnetic force that is directly proportional
to its velocity.
Assertion: A radial magnetic field is essential in a moving coil galvanometer to maintain a
linear scale.
Reason: A radial magnetic field makes the magnetic torque on the coil inversely proportional
to the current.
Assertion: Increasing the current sensitivity of a galvanometer by increasing the number of
turns always increases its voltage sensitivity.
Reason: Voltage sensitivity is inversely proportional to the resistance of the coil, which
increases with the number of turns.
Assertion: A current-carrying solenoid tends to contract axially when current is passed
through it.
Reason: Parallel wires carrying currents in the same direction attract each other.
Assertion: The magnitude of the magnetic field at the center of a circular current-carrying
loop is inversely proportional to its radius.
Reason: The magnetic field lines of a circular loop form closed concentric circles strictly
within the same plane as the loop.
Assertion: An electron and a proton projected with the exact same momentum into a
transverse magnetic field will follow circular paths of the same radius.
Reason: The mass of a proton is approximately 1836 times greater than the mass of an
electron.
Assertion: To convert a galvanometer into an ammeter, a high resistance is connected in
parallel with it.
Reason: An ideal ammeter should have zero resistance so that it does not alter the main
current flowing through the circuit.

ANSWERS
1. B, 2.C, 3D, 4.A, 5C, 6.B, 7.D

Two-Mark Questions
A circular coil of radius R carries a steady current I. Deduce the distance from the centre of
the coil, along its axis, where the magnetic field becomes one-eighth (1/8) of its value at the
centre.
A long straight solid wire carrying current I is placed coaxially inside a long hollow tube
carrying an equal current I in the opposite direction. Using Ampere’s circuital law, find the
magnetic field in the annular region between them and completely outside the tube.
A positively charged particle enters a region of mutually perpendicular uniform electric (E)
and magnetic (B) fields. If its velocity v > E/B, Will the electric force or magnetic force
dominate the deflection? Justify your answer.
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10.

An electron enters a uniform magnetic field with velocity v. Show mathematically that its
kinetic energy remains constant, even though its linear momentum changes continuously.

. A straight horizontal conducting wire of mass m and length L is placed in a uniform

horizontal magnetic field B perpendicular to it. What should be the magnitude and direction
of the current in the wire so that it experiences no tension in its supporting wires?
Two infinitely long straight parallel wires separated by a distance d carry currents I and 31 in
opposite directions. Locate the exact point on the line joining them where the net magnetic
field is zero.
An electron in a hydrogen atom jumps from the first orbit to the second orbit. How does the
ratio of its orbital magnetic moment to its orbital angular momentum change? Give reason.
A square loop of side a carrying current I lies flat in the X-Y plane. A uniform magnetic field
B=Bo(i+Kk)is applied. Calculate the magnitude of the magnetic torque acting on the loop.
Why is a radial magnetic field required in a moving coil galvanometer? If flat magnetic poles
are used instead, how will the relationship between current (I) and deflection angle (0)
change?
A student mistakenly connects a laboratory ammeter in parallel with a 10 Q resistor in an
active circuit. Explain the electrical consequence of this error on the ammeter and the circuit.
Solutions:

. Field on axis: B, = (wIR?) / [2(R? + x?) 3 2]. Field at centre: B, = pol / 2R.

Given B, = B, / 8.

=> (lR?) / [2(R? + x2)7/2] = 1/8 * (uol / 2R).=> R? /((R? + x?)/2)=1/8R

—>8R*= (R? + x?)/2=>2R =V (R2+x?) = 4R*=R?+ x> =>x = V3 R.

Annular region (radius r): Enclosed current is I.

By Ampere's Law: B(2@r) = pol => B = pol / (27r).

(i1) Outside the tube: Net enclosed current I,,,; =1 - I = 0. Therefore, B = 0.

It will deflect towards the magnetic field.

Justification: Magnetic force F,,= qvB, Electric force F, = qE.

Given v > E/B =>vB > E => qvB > gE. Since F,, > F,, the magnetic force dominates.
Magnetic force F,, = q(v X B).

By properties of cross product, F,, is always perpendicular to velocity v.

Work done dW = E,,, - dx = F,, vdt =0 (since F,, L v).

By Work-Energy Theorem, since W = 0, AK = 0. Hence, KE is constant.

For zero tension, magnetic force must balance weight: F,, = mg => ILB = mg.
Magnitude of current | = mg / LB.

Direction: By Fleming's Left Hand Rule, current must flow such that the force is directed
vertically upwards (opposite to gravity).

Null point lies outside the wires, closer to the weaker current (I). Let distance be x from
wire with current I. => pol / (21x) = po(3I) / [2(d + x)]. => 1/x =3/ (d + x) =>d + x = 3x
=> x = d/2. The point is at distance d/2 from the weaker wire on the outer side.

The ratio remains unchanged (1:1). Reason: The ratio of magnetic moment to angular
momentum is the gyromagnetic ratio (e/2m). It is a universal constant for an electron and is
independent of the orbit.
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10.

Magnetic moment M = [a? k (since loop is in X-Y plane). Torque t=M x B = (Ia? 1A<) % Bo(1
+ ﬁ) = Ia2Bo(lA< x 1)+ IazBo(ﬁ X 1A<). T = [a?Bo j.Magnitude of torque = [a?Bo.

A radial field ensures the plane of the coil is always parallel to the magnetic field (angle is
0), ensuring maximum torque (t = NIAB) and a linear scale (I « 0). If flat poles are used, t
= NIAB sin(a). The relation becomes non-linear (I « 6/sin(a)), making the scale uneven
and difficult to read.

Consequence: An ammeter has very low resistance. Connecting it in parallel creates a short
circuit across the resistor. A massive current will flow through the ammeter, which will
likely burn out its coil and blow the fuse, potentially damaging the circuit's power supply.

Three-Mark Questions

. A thin, non-conducting ring of radius R carries a total charge Q uniformly distributed over

its circumference. The ring is rotated with a constant angular speed ® about its central axis.
(a) Deduce the -equivalent electric current constituted by this rotating ring.
(b) Obtain the expression for the magnetic field generated exactly at the centre of the ring.
A wire carrying a steady current I is bent into the shape of a sine wave y = A sin(x) from x =
0 to x = m. It 1s placed in a uniform magnetic field B = Bo j (directed along the positive y-
axis). Using the vector properties of magnetic force, deduce the net magnetic force acting on
this curved wire.

Two infinitely long, insulated straight wires lie in the X-Y plane along the x-axis and y-
axis, respectively. Both carry the exact same steady current I in the positive axis directions
(+1 and H)).

(a) Determine the locus of all points in the X-Y plane where the net magnetic field is
strictly zero.

(b) Briefly describe the direction of the net magnetic field in the first and third quadrants.

In a lab expt. , a student finds that the 'figure of merit' of a given moving coil galvanometer
is 0.005 A/div. The galvanometer scale has exactly 30 divisions, and the internal resistance
of the coil is 20 Q. Calculate the exact value of the resistance that must be connected to this
galvanometer to convert it into a voltmeter capable of reading up to 30V.

A single point charge q moves with a constant velocity v (where v << c).

(a) Write the expression for the magnetic field B produced by this moving charge at a
position vector r.

(b) If the charge moves along the x-axis, find the ratio of the magnitude of the magnetic
field to the electric field (B/E) it produces at a distance r strictly along the y-axis.

An infinitely long, tightly wound solenoid carrying a current I has a uniform magnetic field
Bo well inside its core near the centre. By utilizing simple logical symmetry arguments
(without performing complex integration), deduce the exact magnitude of the magnetic
field exactly at one of the open ends of this semi-infinite solenoid.

A uniform conducting wire of length L carries a current I. It is bent to form a perfect square.
Deduce the exact mathematical expression for the magnetic field produced at the geometric
centre of this square.
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Solutions:

. The time period of one revolution is T = 21 / ®. The equivalent current I is defined as
charge passing per unit time: [=Q/T=Q/(2n/ ®) = (Qw) / (27).

(b) The magnetic field at the centre of a circular current loop is B = (pol) / (2R).
Substituting the equivalent current I: B = (o) / (2R) * (Qw / 21) = (LoQuw) / (4nR).

. The magnetic force on any arbitrarily curved wire in a UNIFORM magnetic field depends
ONLY on the straight-line displacement vector (L) connecting its starting point to its
ending point. F =I(L x B).

The wire starts at x = 0 and ends at x = . The displacement vector L = m 1.

The magnetic field is B =Bo .

F=1(n1xBoj)=InBo (i x j)=InBo k.

The net force is InBo directed along the positive z-axis.

. (a) Field due to wire along x-axis at point (x,y) is B1 = (pol) / (2zy) k (for y>0). Field due to
wire along y-axis is B2 = -(ol) / (27x) k (for x>0).

For net field to be zero, B: + B2 = 0 => (pol) / (2my) = (ol) / (2mx). Therefore, y = x. The
locus of null points is the straight line y = x.

(b) In the 1st Quadrant (x>0, y>0): For y>x, field is out of page (+k). For y<x, field is into
page (-k). In the 3rd Quadrant (x<O0, y<0): The direction flips due to the signs of x and y,
yielding out of page for |y[>[x| and into page for |y|<|x|.

. Figure of merit (k) is current per division. Total full-scale current I; =k x (Total
Divisions).

I = 0.005 A/div x 30 div = 0.15 A.

Given G =20 Q, desired voltage V=30 V.

Series resistance required: Ry =(V/1;)-G. Ry =(30/0.15) - 20 =200 - 20 = 180 Q.
A resistance of 180 Q must be connected in series.

. (a) Biot-Savart law for a moving charge: B = (po/4n) * [q(v % r) / r*], where r is the position
vector from the charge to the observation point.

(b) Electric field magnitude E = (1/4neo) * (q/12).

Magnetic field magnitude (since v and r are perpendicular, angle is 90°): B = (po/4m) *
(qv/1?).

Ratio B/E = [(po/4m) * (qv/1?)] / [(1/4meo) * (g/1%)] = (Hogo) * V.

Since pogo = 1/c?, the ratio B/E = v/c.

. Imagine an infinitely long solenoid spanning from -co to +oo. The field exactly at its centre
(origin) is Bo.Now, conceptually cut this infinite solenoid into two identical semi-infinite
halves at the origin. By the principle of superposition, the field at the origin Bo is the vector
sum of the fields produced by the left semi-infinite half and the right semi-infinite half.
Since both halves are perfectly identical, they contribute equally to the field at the cut
point. Therefore, Bpgis+ Braif = Bo=> 2Bpqir = Bo=> Bpgir = Bo/ 2. The field at the open
end of a semi-infinite solenoid is exactly half the field deep inside.

. The total length is L, so each side of the square is a = L/4. The distance from the centre to
any side is d = a/2 = L/8. The magnetic field at the centre due to one straight side of length
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a is B = (pol / 4nd) [sin(45°) + sin(45°)]. Bi = [pol / 4m(L/8)] * (1/N2 + 1/N2) = (2pol / L)
* (2/72) = (22 pol) / mL.Since there are 4 identical sides and their magnetic fields all point
in the same direction (e.g., into the page), the net field is Bpoe=4 x B1 =4 * [(2V2 pol) /
nl] = (82 pol) / miL.

Case-Based Question

An Electromagnetic Blood Flow Meter measures blood velocity v without surgery. An

ELECTROMAGNETIC BLOOD FLOW METER

electromagnet applies a uniform magnetic field B perpendicular
to the blood flow. Blood contains free ions. The Lorentz force
deflects these ions across the blood vessel of diameter d, creating
a transverse electric field. Equilibrium is reached when the
electric and magnetic forces balance, producing a steady
potential difference V across the vessel walls.

1. Blood flows along +x and the magnetic field B is along +y. At steady state, where do the
ions accumulate?

(a) Positive on +z, Negative on —z (b) Positive on -z, Negative on +z
(c) Both on +z (d) Both on —y

2. At equilibrium, what is the measured potential difference V?

(a) V=vB/d (b) V=vBd (c) V=B/vd (d) V=vd/B

3. An artery's cross-sectional area halves (A' = A/2) due to a blockage. If the volume flow rate
(Q) remains constant, the new measured voltage V' is:
(a) V/2 (b) 2V (c) 2V (d)V
4. If pure deionized water is pumped through the meter instead of blood, the voltmeter reading
will be:
(a) High (water has high permittivity) (b) Low (water is diamagnetic)
(c) Zero (no free charge carriers) (d) Zero (magnetic fields block water flow)
Answer Key
l.a, 2.b, 3.c, 4.c
Five-Mark Questions
1. A beam containing a mixture of two singly ionized isotopes of an element, having masses

m: and m2 (m: > m2), is accelerated from rest through a potential difference V. The beam

then passes completely undeflected through a 'velocity selector' region containing mutually

perpendicular uniform electric (E) and magnetic (B1) fields. Finally, it enters a region

containing only a uniform transverse magnetic field B..

a) Deduce the relationship between the accelerating potential V and the fields E and Bi in
the first region for the particles to pass undeflected.

b) Upon entering the second region (B2), the isotopes separate and hit a photographic
plate. Which isotope (m: or mz) will hit the plate closer to the entry slit? Justify your
answer mathematically.

c) Write the exact mathematical expression for the spatial separation distance (Ax)
between the two marks left by the isotopes on the photographic plate.

2. A student is provided with a moving coil galvanometer of resistance G = 100 Q having a
full-scale deflection current of I;= 1 mA. They are asked to measure the potential

difference across a 500 Q resistor connected in series with a 10 V ideal battery and another

500 Q resistor.
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a) The student first connects the galvanometer directly across the 500 Q resistor. Calculate
the voltage reading it displays. Explain physically why this reading is wildly inaccurate
compared to the 'true' voltage.

b) To fix this, the student converts the galvanometer into a voltmeter of range 0 - 10 V.
Calculate the exact value of the series resistance required for this conversion.

c) The student now uses this newly constructed voltmeter to measure the voltage across
the same 500 Q resistor. Calculate the percentage error in the measurement compared to
the true theoretical voltage.

Three infinitely long, straight, parallel wires A, B, and C lie in the same horizontal plane.

Wires A and C are rigidly fixed at a separation distance of 2d and carry steady currents of |

and 41 respectively, in the same direction. Wire B, carrying a current lo in the opposite

direction, is free to move but is currently held in place between them.

a) Determine the exact geometrical position where Wire B must be placed so that it
experiences zero net magnetic force when released.

b) If Wire B is displaced slightly from this equilibrium position strictly along the line
joining A and C, will it execute oscillatory motion, or will it be pulled entirely towards
one of the fixed wires? Justify your answer by analyzing the nature of the magnetic
forces.

c) Does the equilibrium position of Wire B depend on the magnitude or the direction of
the current lo flowing through it? Give a reason.

Two identical circular coils, C: and Cz, each of radius R and carrying the exact same

current I in the same clockwise sense, are placed coaxially with their centers separated by a

distance R.

a) Calculate the exact magnitude and direction of the net magnetic field at the midpoint O
on the axis between the two coils.

b) A stationary proton is suddenly released at exactly the midpoint O. Describe its
subsequent state of motion. Will it accelerate? Justify.

c) Now, a highly energetic alpha particle is shot precisely along the central axis of the
coils from outside the system, passing through Ci, midpoint O, and then C.. Describe
how the kinetic energy and the linear momentum vector of the alpha particle change
during this entire journey.

Solutions

. For undeflected passage, Lorentz force is zero: qE = qvB:1 => v = E/B.1.Velocity is acquired

by accelerating through V: amv? = qV. Substituting v: Yam(E/B:)? = qV =>V = (mE?) /

(2qB12).

(b) In field B:, radius r = mv / (gB:). Since v, q, B2 are identical for both, r  m. Since m2 <

mu, 12 < r1. The lighter isotope (m2) hits closer to the entry slit.

(c) Separation Ax = diameter: - diameterz = 211 - 2r2 = (2v / qB2)(m: - mz). Substituting v =

E/Bi: Ax = (2E / quBz)(ml - mz).

. (a) True voltage (voltage divider): V_true = 10 * [500 / (500+500)] =5 V. Parallel

resistance of G and 500 Q: R _p = (500 * 100) / 600 = 83.33 Q. Total resistance = 500 +

83.33 =583.33 Q. Main current [ =10/ 583.33 =0.0171 A. Voltage reading=1* R p=
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0.0171 * 83.33 = 1.42 V. Reason: The low resistance of G draws massive current, altering
the circuit's equivalent resistance and severely dropping the measured voltage.

(b) Voltmeter conversion: R s=(V/I g)-G=(10/0.001) - 100 = 10000-100 = 9900 Q
(c) New voltmeter R_v = 10000 Q. Parallel with 500 Q: R' p = (500 * 10000) / 10500 =
476.19 Q.Total resistance = 500 +476.19 =976.19 Q. Main [ = 10/ 976.19 = 0.01024 A.
Measured Voltage Vin =1 * R', =0.01024 * 476.19 = 4.878 V. % Error = 2.44%.

3. Let B be at distance x from A. Distance from C is (2d - x).
Force from A (repulsive, pushing right): F A = (po [ lo) / (2mx).
Force from C (repulsive, pushing left): F C = (po 41 lo) / (2n(2d - x)).
Equilibrium: F A=F C=>1/x=4/(2d - x) =>2d - x =4x => 5x = 2d => x = 2d/5.
(b) Oscillatory motion (Stable equilibrium). If displaced right (towards C), distance from C
decreases, so restoring force F_C (pushing left) increases. Distance from A increases, so
F_A (pushing right) decreases. Net force is restoring.

No. The equilibrium position (x = 2d/5) only depends on the ratio of fixed currents I and 4. Io
cancels out mathematically, and reversing direction makes both forces attractive but they still
balance at the exact same point.

4. (a) Midpoint distance x = R/2. Field due to one coil B: = (wlIR?) / [2(R? + (R/2)>)(3/2)] =
(4pol) / (5V5 R). Net field B net = B: + B2 =2 * Bi = (8pol) / (5V5 R). Direction: Along the
common axis.

(b) Proton remains perfectly stationary. Magnetic force F = q(v X B). Since initial velocity
v =0, F=0. It will not accelerate.

(c¢) Kinetic Energy: Remains strictly constant because magnetic force does absolutely zero
work. Linear Momentum: The alpha particle's velocity is completely parallel to the
magnetic field along the central axis (v || B). Thus, F = q(v X B) = 0. With no transverse or
longitudinal forces, linear momentum remains completely unchanged in both magnitude
and direction.
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CHALLENGE CORNER

An electron and an alpha particle, moving with the exact same kinetic energy, enter a
uniform magnetic field perpendicularly. Which particle will describe a circular path of
a smaller radius?

A student is provided with two shunt resistors: 10 Q and 0.01 Q. Which resistor should
they choose to convert a moving coil galvanometer into an ammeter, and how should
it be connected?

A steady electric current flows through a long, hollow copper pipe. Is there a magnetic
field produced inside the pipe?

A charged particle enters a uniform magnetic field such that its initial velocity makes
an angle of 45° with the magnetic field lines. Describe the shape of its resulting
trajectory and identify the velocity component responsible for the "pitch".

Two infinitely long parallel straight wires carry steady currents in the same direction.
What is the physical nature of the magnetic force between them? If the current in the
first wire is doubled and the distance separating the two wires is halved, how does the
force per unit length change?

A bar magnet of magnetic moment M is placed in a uniform magnetic field B. What is
the total work required to rotate the magnet from its most stable equilibrium position
to its most unstable equilibrium position?

Under what exact condition will a charged particle pass completely undeflected
through a region with mutually perpendicular electric and magnetic fields? Does this
condition depend on the mass or charge of the particle?

If doubling the number of turns in a galvanometer coil perfectly doubles its current
sensitivity, why does the voltage sensitivity remain completely unchanged?
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1. MAGNETIC FIELD

+ Biot—Savart Law rf.é s @ M
4w r?
+ Magnetic field due to a long o o X
straight wire (at distance 7) T 9ar
* Magnetic field at centre of B Mo I
circular loop (radius R) - 9R
* Magnetic field on axis of B — o I R?

circular loop (at distance x)

2(R? + 22)**

N
Magnetic field inside long solenoid B = pgnl = pg 3 I

Magnetic field inside solenoid
(with core of permeability fty)

B = pop.nl

» Field due to infinite straight
current sheet (surface
current density i)

Jig K
2

2. AMPERE’'S CIRCUITAL LAW

+ Integral form

j{ E - d_!. = potene
+ Differential form

V x B = ped

3. FORCE ON CHARGED PARTICLE (LORENTZ FORCE)

« Magnetic force F = q(v x B)
+« Magnitude F = |q|vBsiné@
» Electric force F‘E = qE’, Fp = |q|E

+ Combined (Electric + Magnetic) F = Q(E + U x E’)

4. MOTION OF CHARGED PARTICLE IN MAGNETIC FIELD

T .E} (circular path) F o= guvB = L
§ ok - 2 = 45
lglB’ lq| B’
- ” B :No force, straight line
- ¥ atangle 6 to B (helical path)
v, = wvsin®, v, = vcosl r my Ynb
lg| B
Pitch(p) p = v, T — Srmueal
lq| B

F = I(T x B)
F = BIlsin#®
F

+ Force on straight conductor

- to Iy Iz

* Force between two parallel
current-carrying conductors £
(attractive if same direction,

repulsive if opposite)

F = BIl

{when conductor moves
perpendicular to £)

2o

+= Force on a moving conductor
(length )

E : Electric field,

6 : Angle between vectors,

B : Magnetic field,
A : Area,

KEY SYMBOLS:

i

v : Velocity,

N
e =

MOVING CHARGES AND MAGNETISM C

CLASS 12 PHYSICS — MOST ESSENTIAL FORMULA SHEET

« Magnetic dipole moment of a current loop

i=NIA#

(A = area)

+ Torgue on current loop in uniform field

7'.'

T

» Potential energy of dipole

U=—§

* Work done in rotating dipole

(from 6, to 8,)

Hiox
pBsin @

B

B = —puBcosf

W = puB(cosf, —cosby)

7. MOVING COIL GALVANOMETER (MCG)

+ Torque T NBAT
» Restoring torque T ke
* At equilibrium NBAI = k0
Ci t itivit S g b
- urrent sensitivi —_—=
Y T T 3
Voltage sensitivit S % - A
. J VEY T aa
[ k
* Figure of merit K — =
= I~ NBA
8. CONVERSION FORMULAE
I,G
= Ammeter (shunt S in parallel) S ———
I-1,
(I, = full scale current, G = resistance of galvanometer)
V—-I,G
+ Voltmeter (series resistance R) R = 17“
(V = required range) g
9. INDUCTANCE AND ENERGY
2
* Self inductance of solenoid L = pop, e
1
« Magnetic energy stored U = 5 Er?
B?
» Energy density in magnetic field U =
2pg

10. IMPORTANT CONSTANTS

* Permeability of free space
+ Charge on electron / proton
+* Mass of electron

= Mass of proton

+ Electron volt

g : Charge,
: Turn density

I : Current,

Mo = 4w x 1077 T ma™!
e =16 x 107¥ C

m, = 9.11 x 10~ kg

my = 1.67 x 107% kg

leV = 1.6 x 1072 J

N : Number of turns,
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CHAPTER 05

MAGNETISM AND MATTER

CBSE CLASS 12 PHYSICS - CHAPTER GIST

CHAPTER CORE IDEA

Magnetic behavior of materials arises from
intrinsic atomic moments and their response
to external magnetic field.

| €@ CONCEPT FLOW MAP

.

€ KEY LAWS & PRINCIPLES

—* Magnetic Field (B) and Magnetizing Field (H)
B B is the total magnetic field inside a material.

H is the magnetizing field produced by

free currents.

Magnetic Dipole Moment (m)

A current loop acts as a magnetic dipole.
Its strength and direction are given

by the right hand rule.

Magnetization (M)

Magnetic dipole moment per unit volume
of a material. It represents the overall
magnetic strength of the material.

Magnetic Susceptibility (x)
Measure of how much a material gets
magnetized in an external field.

Permeability (u)
Measure of ability of a material to allow
the formation of magnetic field within it.

Domain Theory (Ferromagnetism)
Ferromagnetic materials consist of domains.
Magnetization occurs due to alignment

of domains in an external field.

Hysteresis

Lag of B behind H in a ferromagnetic material
when magnetizing field is cycled.

Shows retentivity and coercivity.

Classification of

—— = 3 —_—— - —
Magnetic =5 Magnetization e > Hand B Magnetic Susceptibility
Dipole (M) Materials J Relationship | and Permeability
Moment % b =
|
P | oy e o e 1 [
Dia-, Para-, | Domain Theory | Hysteresis Magnetic
Ferro-magnetism L (Ferro) (Ferra) Energy

' o ESSENTIAL FORMULA BANK

A

o DOMAIN THEORY (FERROMAGNETIC MATERIALS)

Magnetic dipole moment of a current loop:

m = NIA

N = number of turns
I = current, A = area
Magnetization:

m
M=_
Vv

m = magnetic dipole moment
V = volume

Relation between B and M:

g = permeability of free space
B = po(H + M)

Magnetic susceptibility:

M

Am = o

Dimensionless

Relative parmeability:
fr=1-xm

Permeability of material:

B = Hofr

For linear, isotropic material:
B=pH

Energy density in magnetic field:

1 1 u = energy per unit volume
u=-B-H== _H2
2 2H

@ CLASSIFICATION OF

J

MAGNETIC MATERIALS

Diamagnetic
* Weakly repelled by magnetic field
* ¥m is small and negative
* pr < 1 (slightly less than 1)
¢ Ex: Bismuth, Copper, Water

Paramagnetic
+ Weakly attracted by magnetic field
* ¥m is small and positive
+ i, is slightly greater than 1
+ Ex: Aluminium, Platinum, Oxygen

Ferromagnetic
* Strongly attracted by magnetic field
* Xm is large and positive
LT |
* Ex: Iren, Cobalt, Nickel

@ HYSTERESIS LOOP (FERROMAGNETIC MATERIALS)

B
- B
3 3 4 r X 0a - Initial magnetization
—_— — — b
D || = L ab — To saturation
—_— — — s
8 4y T 4 be — Field reduced to zero —
—_— — —p > H Retentivity (B,)
. - 5] 3 . 1
Unmagnetized State Magnetization Saturation Demagnetization cd - Reverse field —
' ; o = v : Coercivity (Hg)
Demains are randomby Under external field, domains  All domains aligned. When field is removed, domains b
oriented. Net magnetization  align in field direction. Material ~ Further increase in field dossnt - become random again. Net d dO - Complete demagnetization
is zero. b gnetized increase izati magnetization is zero,
() EXAM BOOSTER SECTION
MOST IMPORTANT DERIVATIONS H FREQUENTLY ASKED CONCEPTS HIGH-WEIGHTAGE FORMULAE
() Expression for magnetic dipole moment of a current loop i & Why do diamagnetic materials B @ m=NIA
) have p, < 17 M m
& Relation B = pig (H + M) ) Why do ferromagnetic materials g 5
& Relation i, = 1+ ¥m show hysteresis? i & B= po(H + M)
h . 1 A & Why do seme materials retain M
@ Expression for energy density u = E BH magnetization? / & ¥m= T pr=1+xm
@ Hysteresis loop and its parameters (@ Why can't a permanent magnet - l i l 2
be made of paramagnetic material? s 2 gl 2 uH
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Multiple Choice Questions

1. A short bar magnet has a magnetic dipole moment m. Let B, and B, be the magnetic
fields at an axial point and an equatorial point, respectively, at the same distance r from the
centre of the magnet. Which of the following relations is correct?

(@) Bax =2Beq (b) Bax =-2Beq (¢) Beg = -2Bgx (d) Bax = Begq

2. A planar circular current-carrying loop of radius a has a magnetic dipole moment m. If
the radius of the loop is doubled while keeping the current constant, what will be the new
magnetic dipole moment?

(a) 2m (b) 4m (c)m/2 (d) m/4

3. According to Gauss's Law in magnetism, the surface integral of the magnetic field over
a closed surface is zero. What is the fundamental physical implication of this law?

(a) Magnetic field lines are always straight. (b) Magnetic monopoles do not exist.
(c) Magnetic poles always attract each other. (d) The magnetic field inside a conductor
is zero.

4. An alloy has a very broad hysteresis loop with high retentivity and high coercivity.
Based on the hysteresis curve, this material is best suited for making:

(a) Electromagnets (b) Transformer core

(c) Temporary magnets (d) Permanent magnets

5. A magnetic material obeys Curie's law. If its absolute temperature is increased from
300 K to 600 K, its magnetic susceptibility will:

(a) Double (b) Become half  (c) Remain constant (d) Become four times

6. The intensity of magnetization (I) of a magnetic material is defined as the magnetic
moment per unit volume. If a bar magnet of pole strength g,,,, magnetic length 21, and cross-
sectional area A is considered, the intensity of magnetization I is equivalent to:

(@) G / A (0) G /21 (©) Gm X A (d) G / (A % 21)
7. Two identical bar magnets, each of geometric length 10 cm, are placed end-to-end.
What is the approximate magnetic length of a single bar magnet from this pair?

(a) 10 cm (b) 5cm (c)8.4cm (d) 11.6 cm

8. The residual magnetism left in a material when the external magnetizing force (H) is
reduced to zero is known as:

(a) Coercivity (b) Susceptibility (c) Retentivity (d) Permeability
9. The unit of magnetic dipole moment is:
(a) Am (b)JT! (c) TmA™! (d) Am™!

10. A current loop of area A and N turns carries a current I. If you look at the face of the
loop and the current appears to flow in the clockwise direction, what is the magnetic
polarity of that face and the direction of the dipole moment relative to you?

(a) North polarity; dipole moment points towards you.

(b) South polarity; dipole moment points towards you.

(c) South polarity; dipole moment points away from you.

(d) North polarity; dipole moment points away from you.

Answer Key for MCQs
1. (b) 2.(b) 3.(b) 4.(d) 5.(b)
6. (a) 7.(c) 8. (c) 9.(b) 10. (c)

Assertion-Reason Type Questions
Directions: For the following questions, select the correct option:
(A) Both Assertion (A) and Reason (R) are true, and (R) is the correct explanation of (A).
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(B) Both Assertion (A) and Reason (R) are true, but (R) is not the correct explanation of
(A).

(C) Assertion (A) is true, but Reason (R) is false.

(D) Assertion (A) is false, but Reason (R) is true.

. Assertion (A): The net magnetic flux through any closed Gaussian surface is always zero.

Reason (R): Magnetic poles always exist in pairs (dipoles), and isolated magnetic
monopoles do not exist.

. Assertion (A): The magnetic field at an equatorial point of a short bar magnet is parallel to
the magnetic dipole moment of the magnet.

Reason (R): The angle between the equatorial field and the magnetic dipole moment is
180°.

. Assertion (A): Steel is highly preferred over soft iron for making permanent magnets.

Reason (R): Steel has a thicker hysteresis loop with much higher coercivity than soft iron,
meaning it is not easily demagnetized.

. Assertion (A): When a magnetic dipole is placed in a uniform magnetic field, the net force

acting on it is always zero, but it may experience a torque.

Reason (R): Torque on a magnetic dipole is given by Tt =m x B.

. Assertion (A): The magnetic susceptibility of a material varies directly with its absolute
temperature.

Reason (R): Curie’s law states that m = C/T, meaning magnetization is inversely
proportional to temperature.

Answer Key for Assertion-Reason
1(A) 2(D) 3(A) 4 (B) 5(D)

Two-Mark Questions

. A wire of constant length L carrying a current I can be bent into a single-turn circular loop
or a single-turn square loop. Which shape will produce a greater magnetic dipole moment?
Justify your answer mathematically.

. A student calculates the magnetic dipole moment of a 15 cm long bar magnet by assuming
its poles lie exactly at its geometrical ends. Will the true, measurable magnetic moment be
lesser or greater than this calculated value? Give a physical reason for your answer.

. Material X exhibits a broad hysteresis loop with high retentivity and high coercivity, while
Material Y exhibits a narrow loop with low coercivity. Which of these materials is suitable
for making (i) a transformer core, and (ii) a permanent magnet? Give one fundamental
reason for each choice.

The ferromagnetic iron core of a heavy-duty electromagnet accidentally overheats, and its
temperature approaches 1000 K. What will happen to its lifting capacity, and what specific
phase transition occurs at this temperature? Name the law that governs this behaviour.

. A cylindrical permanent magnet of volume V and magnetic moment m is sliced exactly in
half along its longitudinal axis (parallel to its length). How does the Intensity of
Magnetization (I) of each half compare to that of the original magnet?
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Answers (Hints)
. Magnetic dipole moment m = IA. For a constant perimeter L, a circle encloses a greater

area (Agircre = L?/4m) compared to a square (Asgyqre = L?/16). Since Agircre > Asquares the
circular loop has the greater dipole moment.
The true magnetic poles reside slightly inside the geometrical boundaries of the magnet.
Therefore, the effective magnetic length (21) is shorter than the geometric length (15 cm),
making the true dipole moment (m = q,,, % 21) lesser than calculated.
. Material Y’s narrow loop ensures minimal hysteresis energy loss during AC magnetization
cycles. Material X’s high coercivity ensures the permanent magnet cannot be easily
demagnetized by stray external fields or mechanical shocks.
. At roughly 1000 K, iron reaches its Curie Temperature and undergoes a phase transition
from strongly ferromagnetic to weakly paramagnetic. This thermal agitation randomized
magnetic domains, governed by Curie’s Law (y o< 1/T).
. Intensity of Magnetization is defined as I = m/V. Slicing the magnet longitudinally exactly
halves its volume (V — V/2) and its pole strength/magnetic moment (m — m/2).
Therefore, the ratio (m/2)/(V/2) remains I, perfectly unchanged.

Three-Mark Questions

. Derive the expression for the magnetic field B at an axial point of a magnetic dipole of
magnetic length 2/ and pole strength q,,,. Deduce the expression for a short magnet.
. Explain the analogy between a current-carrying planar loop and a magnetic dipole. State
the Right-Hand Rule used to determine the direction of the dipole moment.
. Draw a typical Hysteresis loop (Magnetization curve) for a ferromagnetic material. Label
the points representing retentivity and coercivity. Based on the area of this loop, distinguish
between materials used for temporary and permanent magnets.

Answers
. Net field B = By - Bs ;
B = (@, / 4m) * [ 1/(r-1)* - 1/(r+1)* ] 8 b B |
B = (Mo, / 4m) * [ 41l / (2 - 2)? ] : 1 \ C
Since dipole moment m = g, x 2I:
Bayx = (1o / 4m) * [ 2mr / (1 - 12)* ]
Short Magnet Approximation: Ifr>> 1, then r* - 1> = r%
Bax = (1o /4m) * (2m /1)
. A current-carrying planar loop acts as a magnetic dipole. A face with counter-clockwise
current acts as a North pole; a face with clockwise current acts as a South pole. Dipole
moment m = [A. Right-Hand Rule: Curl the fingers of your right hand in the direction of
the current. Your extended thumb points in the direction of the magnetic dipole moment
(and the North pole).
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3. Retentivity: Residual magnetism when magnetizing field

(H) is zero. Coercivity: Reverse field (-H) needed to fully B L:[BH —
demagnetize the material. Loop Area: Represents energy s / /
dissipated as heat per cycle. Distinction: [N

* Temporary Magnets (e.g., Soft Iron): Require narrow loop ~ §. /
(small area) for low energy loss. Low coercivity. “

* Permanent Magnets (e.g., Steel): Require broad loop (large 8o 75 4o s g0 3 % 75 €0
area) to resist demagnetization. High coercivity.

Case-Based Question
Magnetic Properties and Hysteresis

I

~

Magnetic Flux Density (8]
b o

When a magnetic material is subjected to a cycle of magnetization, the intensity of magnetization (I)
does not exactly track the magnetizing force (H). As H increases, I increase and eventually reaches
saturation. When H is reduced to zero, the material retains some magnetism, a property known as
retentivity. To completely demagnetize the material (I=0), an opposite magnetizing force must be
applied, known as coercivity. The closed curve representing one complete cycle of magnetization
and demagnetization is called a hysteresis loop. The area under the hysteresis loop represents the
energy dissipated as heat during one cycle. Materials are chosen for specific applications based on
the shape of this loop.
1. The residual magnetism present in a substance when the external magnetizing force is
reduced to zero is called:
(a) Coercivity (b) Retentivity (c) Susceptibility (d) Permeability
2. To completely demagnetize a material, a negative magnetizing force is applied. This
required opposing force is termed:

(a) Magnetic intensity ~ (b) Retentivity (c) Coercivity (d) Saturation point
3. A material designed to be used as a core for an electromagnet (a temporary magnet) should
ideally possess:

(a) High retentivity, low coercivity, and a thin hysteresis loop
(b) Low retentivity, low coercivity, and a thin hysteresis loop
(c) High retentivity, high coercivity, and a broad hysteresis loop
(d) Low retentivity, high coercivity, and a broad hysteresis loop
4. The physical significance of the area enclosed by a hysteresis loop is:
(a) The maximum magnetic field the material can produce.
(b) The magnetic flux density of the material.
(c) The loss of energy per cycle of magnetization and demagnetization.
(d) The Curie temperature of the material.
Answer Key for Assertion-Reason

1(b) 2(c) 3 (a) 4(c)

Five-Mark Questions

1. Consider a bar magnet of pole strength gqm and magnetic length 21. Derive the mathematical
expression for the magnetic field at a point P located on the equatorial line at a distance r from
the center of the magnet.
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a) Show that for a short bar magnet, the magnetic field at an axial point is twice the
magnetic field at an equatorial point located at the same distance.

a) Define the following terms and state their SI units:
(1) Magnetic Field Intensity (H)
(i1) Magnetic Permeability (p)
(ii1) Magnetic Susceptibility (y)
b) Establish the relation I = m/V = qm/A, showing how the intensity of magnetization
relates to pole strength and cross-sectional area.

a) Explain how a current-carrying circular loop of radius a and current I behaves like a
magnetic dipole. Use the magnetic field expression for a point on the axial line at a
large distance (x >> a) to prove this.

b) A circular coil of 100 turns and radius 5 cm carries a current of 2 A. Calculate its
magnetic dipole moment.

c) Write the formula for the torque acting on this magnetic dipole if it is placed in a
uniform magnetic field B at an angle 6.

Answers:

1. a) Equatorial Magnetic Field Derivation:

Let the point P be at distance r from the center. Distance from N or S pole to P is \/(r2 + 1?).
Magnetic field at P due to North pole: BN = (po/4n) * [q,, / (1* + 17)]

Magnetic field at P due to South pole: B_S = (no/4n) * [q,, / (12 + 17)]

Vertical components (B sinf) cancel out. Horizontal components (B cos0) add up.

Net Field Beq =2 * B_N * cosf.

From geometry, cos® =1/ (12 + 12).

Beq =2 * (Lo/4m) * [, / (2 + 15)] * [L/ N2 + 12)]

Beq = (no/4m) * [(q_m * 21) / (% + 12)°/2]

Since magnetic dipole moment m = q,,, * 21: Beq = (wo/4m) * [m / (r? + 12)3/ 2]

b) Short Bar Magnet Comparison:

For a short magnet, r >> 1, so (r* + 1) = 1%

Equatorial field becomes: Beq = (1o/4m) * (m/ 1°)

We know the Axial field is: By, = (wo/4m) * 2m/1?) : By, =2 * Beq. (Hence proved).

2. a) Definitions and SI Units:

(1) Magnetic Field Intensity (H): The degree or extent to which an external magnetic field can

magnetize a substance. SI Unit: A/m (Ampere per meter).

(i1) Magnetic Permeability (i): The ability of a material to allow the passage of magnetic field

lines through it. SI Unit: T-m/A or H/m (Henry/meter).
(ii1) Magnetic Susceptibility (y): The ratio of the intensity of magnetization (I) induced in the
material to the applied magnetizing field intensity (H). SI Unit: Dimensionless (No unit).

b) Establishing the Relation I = m/V = q,,,/A:
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Intensity of Magnetization (I) is defined as the magnetic dipole moment per unit volume:
I=m/V

For a bar magnet of length 21 and cross-sectional area A, Volume V = A * 21

The magnetic dipole moment m = q,,, * 21 (where q,, is pole strength)

Substituting these into the formula: I = (q,, * 21) / (A * 2[)

Cancelling 21 gives: I = q,, / A. (Hence proved).

3. a) Current Loop as a Magnetic Dipole:
A current-carrying loop has two faces behaving as opposite magnetic poles (Clockwise =
South, Anticlockwise = North).
The magnetic field on the axis of a circular loop is: B = (po * [ * a?) / [2 * (x* + a?)"(3/2)]
For a large distance (x >> a), a? is neglected: B = (po * I * a%) / (2 * x°)
Multiply numerator and denominator by m: B = (1o * I * w * a%) / (2n * x3)
Since Area A = * a%, we get B = (o * 2IA) / (4w * x3)
Comparing this with a short bar magnet (B = (po/4n) * 2m/x?), we see the loop acts as a dipole
with magnetic moment m = [A.
b) Calculation of Magnetic Dipole Moment:
Formula:m=N*[* A
Given: N=100,1=2A,r=5cm=0.05m AreaA==n*r*=3.14 * (0.05)>=0.00785 m?
m =100 *2 *0.00785 =1.57 A-m?
¢) Torque Formula:
7 =mB sin0 (In vector form: T=m x B)
Where m is the magnetic dipole moment, B is the magnetic field, and 0 is the angle between
them.
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MAGNETISM AND MATTER

CLASS 12 PHYSICS — FORMULA SHEET

1. BAR MAGNET 2. BAR MAGNET AS AN EQUIVALENT SOLENOID

(Qualitative treatment only)

+ Magnetic dipole moment of a bar magnet

(Momen |

where, m = pole strength
2l = magnetic length A bar magnet behaves like a current carrying solenoid.
Outside field is similar to a bar magnet.
3. MAGNETIC FIELD DUE TO A MAGNETIC DIPOLE ) 4. TORQUE ON MAGNETIC DIPOLE
(BAR MAGNET) (BAR MAGNET) IN UNIFORM MAGNETIC FIELD
= At a point on the axial line (distance r from centre) (Qualitative treatment only)
M
—_— Torque (Vector form)
P B, =2 @ I 0 4 2 g
~— Y | Beo = 375 = M B
l——F |
Torque (Magnitude)
”””””””””””””””””””””””””””””””””””””””” | q gnitud
* At a point on the equatorial line (distance r from centre) | _: .
B T = MBsin#6
°P I
| B = M g 1
equatorial —

R
i
i

4 13 5. POTENTIAL ENERGY OF MAGNETIC DIPOLE )

(Direction opposite to dipole moment) I —
» N i U= M-B = —MBcosf
Where, M = magnetic dipole moment of the bar magnet
r = distance of point from centre of dipole | where, 6 = angle between M and B

L% S

6. WORK DONE IN ROTATION OF DIPOLE i 7. MAGNETISATION OF MATERIALS

(from &, to 6,) * Magnetisation (I or M)

Magnetic moment ‘

Volume

LW:MB(cosﬂl—cosﬁ‘g) J Fie
- (Slunit: Am~1)

8. MAGNETIC SUSCEPTIBILITY AND Ml 9. EFFECT OF TEMPERATURE ON MAGNETIC
RELATIVE PERMEABILITY PROPERTIES (PARAMAGNETIC MATERIALS)
* Magnetic susceptibility N i * Curie's Law AT -
H X = Q J C = Curie constant

T = absolute temperature (in KJ)

* Relative permeability Hy =14+ Xm e P !
As temperature increases, susceptibility decreases
where, H = magnetising field intensity | (paramagnetic materials become less magnetic).

J

10. MAGNETIC FIELD LINES (KEY POINTS)

11. MAGNETIC PROPERTIES OF MATERIALS

—_— — - —
» Magnetic field lines emerge from North pole and enter South pole | Property | Diamagnetic Paramagnetic Ferromagnetic
outside the magnet and form closed continuous curves.
. . ‘ Susceptibility (x..) Negative Small Positive Large Positive
= Inside the magnet, field lines go from South pole te Morth pole. i i -~ ) i P i S | o= ey, )
e o Relative Slightly greater Much greater
» Mo two magnetic field lines intersect each ather. - permeability (s1,) Less than 1 g th};r? p thagn c
+ The tangent to a field line at any point gives the direction of B = T
b Nature Weakly Weakly Strongly
repelled attracted attracted
| Examples Bi, Cu, Au, Al, Pt, Mg, Fe, Co, Ni,
L Ag, Water O, Gd
KEY SYMBOLS M : Magnetic dipole moment m : Pole strength 21 : Magnetic length B : Magnetie field
r : Distance from centre 7" : Torque # : Angle between M and B’ U : Potential energy

I or M : Magnetisation H : Magnetising field intensity Xm @ Magnetic susceptibility g, : Relative permeability
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CHAPTER 06

A,
: M

1. WHAT IS ELECTROMAGNETIC INDUCTION?

It is the phenomenon of inducing an
EMF in a conductor whenever the

=
magnetic flux linked with it changes. ——
—

@ Key Insight i
Change in magnetic flux |
—+ Induced EMF
{MNo change, Mo EMF)

—_—

2. FARADAY'S LAWS OF ELECTROMAGNETIC INDUCTION

Whenever the magnetic flux linked with a
conductor changes, an EMF is induced in it.

The magnitude of induced EMF is equal to
the rate of change of magnetic flux linked
with the conductor.

ddy

e=—N
dt

Change in
Flux

— =

-

Magnetic Flux (Pg)

®, = BAcos@

B = Magnetic field

A = Area of coil

& = Angle between
B and normal to
the area

N = Mumber of turns

g = Magnetic flux linked with the eoil

{—) sign — Lenz's Law (direction of induced EMF)

(B) Change in Magnetic Field

{C) Change in Angle (8)

ELECTROMAGNETIC INDUCTION :m

3. LENZ'S LAW (Direction of Induced EMF)

The induced EMF (and current) is always in such a direction that it
opposes the change in magnetic flux that produces it.

&

Increase in Flux Decrease in Flux

(Approaching Magnet) (Receding Magnet) Remember
Nature never
B — Bl — i
- change
. without
Induced current creates Induced current creates putting up
N face 1o oppose S face to oppose the 208
the approach. recession. opposition!

4. MOTIONAL EMF

‘When a conductor moves in a magnetic field and cuts magnetic field lines,
an EMF is induced in it.

e = Blvsin®

B
A B = Magnetic field

I = Length of conductor

v = Velocity

# = Angle between v and B

6. SELF IND!

The phenomenon of inducing an EMF in the same circuit due to a change in current in it.

Self Induced EMF

di

g ar d @W‘hy Megative?

ef =

dt
L = Self inductance of the coil
Unit of L — Henry (H}

Due to Lenz's Law.,
It opposes the
change in current

B‘,‘ a;

ap” o T

i -
e -

1 -

i —_——
L \ Area
Az changes

= Py changes
= EMF induced

= Py changes
=» EMF induced

Q)" Quick Recall

7. MUTUAL INDUCTION

The phenomenon of inducing an EMF in one coil due to a change  Mutually Induced EMF

di,

dt
M = Mutual industance
Unit — Henry (H)

in a nearby coil.

Coil 1

9. IMPORTANT APPLICATIONS

Electric Generator Transformer

Induction Cocktop

= Py changes
= EMF induced

Any change in B, A, or 8 — change in ®5 — EMF induced

e; =

Factors Affecting M

Number of turns of bath coils

Area of cross-section
Distance between coils
Mature of medium

Wireless Charging

producing it.

Energy in Inductor
Energy stered in inductor
1
U=

Factors Affecting Self Inductance (L)
* Number of tums (N) T - L 1
+ MArea of cross-section (4) + — L 1
« Length of coil () T+ — L 4
* Mature of core (u) T =L T

8. ENERGY CONSIDERATIONS

Lenz's Law ensures

LI?

Induced Current always
Opposes the Change

& o

Conservation of energy

= Mo free energy is created s No change
* Work must be done to m il in flux?
change the flux - Tina
o Then
1 Mo EMF
induced!

Opposition — Lenz’s Law

Conservation — Enen

= External work =
is required.

10. EDDY CURRENTS

Loops of current induced in a bulk conducter when it is exposed to
a changing magnetic field.

Metal Detectors

B (changing) Effects
L s Cause heating of the conductor
= Waste of energy

2]

Mechanical energy Mutual industion Eddy currents Energy transfer Change in flux Reduction Methods
— Electrical energy is the working produce heat in throwgh mutual detected by = Laminated cores
{AC Generators) principle. the utensil induetion. search coils. = Use of alloys (high resistance)
11. COMPARISON TABLE 13. EXAM BOOSTER (CBSE) @'
Praperty Self Induction Mutual Induction Right Hand Rule EMF Formula ELI Rule * Draw neat disgrams (Flue, Lenz's Law, Generators)
I oy {Direction of Induced Current) Remember - -
Definition EMF induced in the same EMF induced in one circuit E I * Always write reason in Lenz's Law based guestions
circuit due to.change in dse to change in current in dad "
FRE L b Sl e =N &_E PR RS H Use Faraday's Law: € ¢ rate of change of flux
| - t S :
Symbol L {Henry} M (Hanry) 2 i (e # Focus on direction in numaerical + theory
EMF Ll 2 ar 90 "= ~NdPhibyd"  Capesitor Inductor * Aspertion-Reason, MCQs, Case Study — High Weightage
L Shi i {Chan i PhRi -~ EMF)
L et e Thumb -= Motion [ Cause o
Depends on Cail properties only Bath coils + medium + Forefingor — Magnatic Field

relative position

14. COMMON MISTAKES TO AVOID
¢ Ignoring the negative sign in Faraday’s law.
x Fo Lenz's Law in di b il

Middie finger —= Induced Current

2 Mot identifying what causes the change in flux.
¥ Confusing self inductanee with mutual inductance.

Rewise NEERT examples, @
diagrams and derkvations.

They are commanty %

v Derection of induced curmat (Lene's Liwh
+ Favadey's Low appications

o Self B Mutual lncuetion basics asbard in cnama!
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MULTIPLE CHOICE QUESTIONS

1. Figure shows a rectangular conductor PSRQ in which

X X X X X X X M

S I o P
movable arm PQ has a resistance ‘r and resistance of  * I* < x X ox x| x m
PSRQ is negligible. The magnitude of emf induced when " ¢™ || = * * * || ~
PQ is moved with a velocity v does not depend on (CBSE : l: : : : : : i : N
2025) LR
(a) magnetic field B (b) velocity field v ¥

(c) resistance r (d) length of PQ

2. There are two coils A and B as shown in Figure. A current starts flowing in B as shown, when
A is moved towards B and stops when A stops moving. The current in A is counter clockwise. B
is kept stationary when A moves. We can infer that (CBSE 2025)

(a) there is a constant current in the clockwise direction in A.

A B

(b) there is a varying current in A. (c) there is no current in A. Ql. O

(d) there is a constant current in the counterclockwise direction in
A.
3. A coil of 100 turns carries a current of 5 mA and creates a magnetic flux of 10~ weber. The
inductance is (CBSE 2025)
(a)0.2H (b) 2.0 mH (¢)0.02mH (d)0.002 H
4. In a coil of resistance 10 m, the induced current developed by
changing magnitude of change in flux through the coil in weber is . 4
(CBSE 2025) (Amp)
(a) 8 (b) 2 (c)6 (d) 4

0.1 t(s)
5. The current in the primary coil of a pair of coils changes from 7A to 3A in 0.04 s. The mutual
inductance between the two coils is 0.5 H. The induced emf'in the secondary coil is (CBSE 2025)
(a)50V (b) 75V (c) 100V (d)220V
6. Rohan and his sister were playing with two coils of insulated copper wire. They placed the
coils close to each other. Rohan noticed that whenever the current in one coil was changed
rapidly, a deflection was observed in the galvanometer connected to the other coil. The mutual
inductance of such a pair of coils depends upon the:
(a) relative orientation of the two coils (b) number of turns in the coils
(c) nature of the material placed between the coils (d) All of the above
7. During a school science exhibition, a square loop of side 0.50 m was placed in a uniform
magnetic field of 0.4T acting perpendicular to the plane of the loop. To demonstrate
electromagnetic induction, the loop was rotated by an angle of 60° about one of its sides in 0.2
seconds. The value of the induced emf in the loop will be:
(2)0.1V (b)0.25V (c)05V (d1.0V
8. In a school physics laboratory, an electromagnet A (a long solenoid) is connected to a battery
and a rheostat, as shown in the figure. An aluminium ring B is placed coaxially facing one end
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of the electromagnet. The current I through the electromagnet can be increased or decreased by
adjusting the rheostat. Which of the following statements is correct?
(a) If the current I is increased, the ring B is attracted towards the electromagnet.
(b) If the current I is decreased, the ring B is repelled away from the electromagnet.
(c) If the current I is increased suddenly, the ring B is repelled away from the electromagnet.
(d) The ring B will always be attracted towards the electromagnet irrespective of whether the
current is increased or decreased.
9. A metallic ring is placed on top of a fixed solenoid as shown in the figure. When the current
in the solenoid is suddenly switched on, the ring jumps up. This happens because:
(a) The ring is attracted upwards due to the magnetic field of the solenoid.
(b) A repulsive force acts on the ring due to Lenz’s law.
(c) The ring experiences an upward force due to gravity.
(d) The current in the solenoid produces eddy currents that heat the ring.
10. A bicycle mechanic was repairing a bicycle wheel having ten metallic spokes. Each spoke is
0.50 m long. The wheel was rotated at a speed of 120 revolutions per minute in a plane
perpendicular to the Earth’s magnetic field. The magnitude of the Earth’s magnetic field at that
place was 0.4 Gauss. The induced emf between the axle and the rim of the wheel is equal to:
(a) 1.256 x 102V (b)6.28 x 10°V () 1.256x 104V  (d)6.28 x 102V
11. A farmer installed a small coil of area Ay near an electromagnet in his irrigation pump system.
The magnetic field linked with the coil changed uniformly from B, to 4B, in a time interval t.
The magnitude of the emf induced in the coil will be:

4B,

(a) 34080 (b) 2208, (c) (d) At

t t
12. Karan dropped a small bar magnet vertically along the axis of a long hollow metallic cylinder
held in the vertical position. The magnet will fall with:

(a)a>g ba<g (c)a=g (da =0

13. A student constructed two solenoids of the same length and same cross-sectional area for an
electromagnet project. In the second solenoid, he doubled the number of turns per unit length
while keeping all other dimensions the same. The self-inductance of the second solenoid will
become:

(a) Halved (b) Doubled (c) Four times (d) Eight times

14. A conducting circular loop of face area 2.5 x 10~} m? is placed perpendicular to a magnetic
field which varies as B=0.5 sin(100xt) T. The magnitude of induced emf in the loop at t = Os:
(NEET 2025)

(a) 125t mV (b) 12.5t mV (c) 125V (d)12.57V
15. Rohan constructed a long solenoid for his school science project. He wanted to increase its
self-inductance. The self-inductance of the long solenoid cannot be increased by:

3B,
Aot

(a) increasing its area of cross-section (b) increasing its length
(c) changing the medium inside it (d) increasing the current through it
ANSWERS
2 3 5 6 7 9 1o 11 12 13 14 15
c d a C a d b C b b a C a
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[ TAKE THE CHALLENGE ]

1. The magnetic potential energy stored in a certain inductor is 25 mJ, when the current in the
inductor is 60 mA. This inductor is of inductance (NEET-2018) (a) 1.389 H

(b) 138.88 H (c)0.138 H (d) 13.89 H
2. The self inductance L of a solenoid of length | and area of crosssection A, with a fixed number
of turns N increases as

(a) I and A increase. (b) 1 decreases and A increases.

(c) l increases and A decreases. (d) both 1 and A decrease.

3. An emf can be induced in stationary coil if it is kept in

(a) Stationary uniform magnetic field (b) Stationary non uniform magnetic field

(c) Time varying magnetic field (d) Not possible

4. The battery of a mobile phone is rated as 4.2 V, 5800 mAh. How much energy is stored in it
when fully charged?

(a) 87.7kJ (b)43.8kJ (c)48.7kJ (d)24.4KkJ

5. A loop, made of straight edges has six corners at A (0, 0, 0), B (L, 0, 0), C (L, L, 0), D (0, L,
0)E (0,L,L)andF (0, 0, L). A magnetic field (B=B, (i+ k) T is present in the region. The flux
passing through the loop ABCDEFA (in that order) is
(a) BoL? (b)2B,L> (c) V2B,L? (d) 4B,L?
1-(d), 2-(b), 3-(c), 4-(a), 5-(b)

ASSERTION-REASON
In the following questions 9 and 10, a statement of assertion (A) is followed by a statement of
reason (R). Mark the correct choice as:
(a) Both assertion (A) and reason (R) are true and reason (R) is the correct explanation of
assertion (A).
(b) Both assertion (A) and reason (R) are true but reason (R) is not the correct explanation of
assertion (A).
(c) Assertion (A) is true but reason (R) is false.
(d) Assertion (A) is false but reason (R) is true.
(e) Both Assertion (A) and Reason(R) are false.
1. Assertion (A): Mutual induction is the phenomenon in which the emf is induced in the coil
due to change in magnetic flux.
Reason (R): It follows law of conservation of energy.
2. Assertion (A): Making and breaking of current in a coil produces no momentary current in
the neighbouring coil of another circuit.
Reason (R): Momentary current in the neighbouring coil of another circuit is an eddy current
3. Assertion (A): If primary coil is connected by voltmeter and secondary coil by ac source. If
large copper sheet is placed between two coils, induced emf in primary coil is reduced
Reason (R): Copper sheet between coils has no effect on induced emf in primary coil.
4. Assertion (A): An electric lamp is connected in series with a long solenoid of copper with air
core and then connected to AC source. If an iron rod is inserted in solenoid the lamp will become
dim.
Reason (R): If an iron rod is inserted in solenoid, the inductance of solenoid increases.
5. Assertion (A): Induced emf produced in a coil will be more when the magnetic flux linked
with the coil is more.
Reason (R): Induced emf produced is directly proportional to the magnetic flux (CBSE 2026)
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6. Assertion (A): A changing magnetic flux linked with a closed circuit induces an emf in the
circuit.

Reason (R): The induced emf is directly proportional to the rate of change of magnetic flux
linked with the circuit as given by Faraday’s law.

7. Assertion (A): An induced current always opposes the cause that produces it.

Reason (R): This opposition is due to Lenz’s law.

8. Assertion (A): When a magnet is moved towards a coil, a current is induced in the coil.
Reason (R): The magnetic flux linked with the coil changes with time.

9. Assertion (A): A conductor moving parallel to the direction of a uniform magnetic field
experiences no induced emf.

Reason (R): The rate of change of magnetic flux is maximum when the motion of the conductor
is along the magnetic field.

10. Assertion (A): The induced emf in a coil depends on the rate of change of current in the
neighbouring coil.

Reason (R): Mutual inductance must exist between the two nearby coils.

11. Assertion (A): The self-inductance of a coil is a measure of its ability to resist any change
in current flowing through it.

Reason (R): When the current in a coil changes, a back emf is induced in the coil which opposes
the change in current.

12. Assertion (A): An ideal transformer has 100% efficiency.

Reason (R): There is no loss of energy in a practical transformer due to heat, eddy currents or
hysteresis.

13. Assertion (A): The core of a transformer is made of soft iron and is laminated.

Reason (R): Lamination of the core reduces eddy current losses and soft iron increases magnetic
coupling.

14. Assertion (A): No emf is induced in a stationary coil placed in a constant magnetic field.
Reason (R): Emf is induced in a coil only when there is a change in magnetic flux linked with
the coil.

15. Assertion (A): The mutual inductance between two coils depends on their relative
orientation.

Reason (R): Changing the orientation of the coils affects the amount of magnetic flux linking
the two coils.

ANSWERS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

d e c a € a a a c b a c a a a

[ TAKE THE CHALLENGE ]

1. Assertion (A): When a coil is rotated in a uniform magnetic field about an axis perpendicular
to the field, emfis induced in it which is maximum for the orientation of coil in which magnetic
flux through the coil is zero.
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Reason (R): In an electric generator, electrical energy is generated by rotating a coil in a
magnetic field.
2. Assertion (A): It is more difficult to push a magnet into a coil with more loops.
Reason (R): This is because emf induced in each current loop resists the motion of the magnet.
3. Assertion (A): At any instant, if the current through an inductor is zero, then the induced emf
may not be zero.
Reason (R): An inductor tends to keep the flux constant.
4. Assertion (A): A system cannot have mutual inductance without having self-inductance.
Reason (R): If mutual inductance of system is zero, its self-inductance must be zero.
5. Assertion (A): Only a change of magnetic flux with time, will maintain an induced current in
the coil.
Reason (R): The presence of a large magnetic flux will maintain an induced current in the coil.
1'(b)3 2'(3)3 3'(b)3 4-(C), 5-(C)

2 MARKS QUESTIONS
1. A light copper ring is freely suspended by a light string. A bar magnet is held horizontally with
its length along the axis of the ring. The magnet is moved towards the ring with its N pole facing
the loop. What will happen to the ring and its position? Explain.
2. In a laboratory experiment, a student observed that the magnetic flux ¢ (in Wb) linked with a
coil varies with time t (in seconds) according to the relation: ¢ = 5At> + Bt — 2C where A,
B and C are positive constants.
(a) Find the expression for the induced emf in the coil as a function of time.
(b) At what value of time (t) will the magnitude of induced emf be minimum?
3. A bar magnet falls freely from a height ‘h’ through a closed metallic ring as shown in the
figure.
(a) Will the acceleration of the bar magnet be equal to ‘g’ while passing through the ring? Give
reason.
(b) What will happen to the acceleration of the magnet if the ring is cut open so that it does not
form a closed loop? Explain.
4. (a) How does the mutual inductance of a pair of coils change when the distance between the
two coils is increased?
(b) How does the mutual inductance of a pair of coils change when the number of turns in each
coil is increased? Give reason in each case.

5. During a physics demonstration in the laboratory, two I
identical bar magnets are placed on opposite sides of a . ," Ya q

. . . 2 S THB = :
metallic circular loop connected to an uncharged capacitor A o ‘C

as shown in the figure. Both the magnets are moved quickly

towards the loop simultaneously. Predict the polarity of the plates A and B of the capacitor. Give
reason for your answer.

6. In a science laboratory experiment, two identical coils of the same

radius, number of turns and area, one made of copper wire and the el

other of aluminium wire are rotated with the same angular speed in a
uniform external magnetic field. Which of the two coils will have a 1
greater induced current? Give reason for your answer. 0
7. In the given figure, X is a coil wound over a hollow wooden pipe. A
permanent magnet is pushed at a constant speed v from the right into the pipe and it comes out
of at the left end of the pipe. During the entry and the exit of the magnet. What will be the current
in the wire YZ.

7
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8. The given figure shows an inductor L and resistor R connected in
parallel to a battery B through a switch S. The resistance of R is the
same as that of the coil that makes L. Two identical bulbs, P and Q
are put in each arm of the circuit as shown in the figure. When S is
closed, which of the two bulbs will light up earlier? Justify your

answer.

9. State Faraday’s law of electromagnetic induction. Express it

mathematically. A conducting loop is placed in a magnetic field that is T .

decreasing at a constant rate. What is the direction of induced current y in
the loop?

10. The figure shows the variation of induced emf as a function of rate i of

change of current for two identical solenoids X and Y. One is air cored and the other is iron cored.
Which one of them is iron cored and why?

SOLUTIONS- 2 MARKS QUESTIONS
1. Explaining the effect on the motion and position of the ring.Current is induced in the ring.
Reason- Due to electromagnetic induction. The ring will be repelled. Reason- As per Lenz's law,
Current is induced in the anticlockwise direction and magnetic moment associated with this
current has north polarity.

2. (a) Induced emf, & = —Z—(f = —(10At + B)

(b) The magnitude of induced emf will be minimumatt =0 s

3. (a) No, acceleration < g. Reason: As the magnet falls, magnetic flux through the ring changes
— induced current flows (Faraday’s law) — opposing magnetic field is produced (Lenz’s law)
— retarding force acts on the magnet.

(b) Acceleration = g. Reason: Ring is open — no induced current — no opposing force.

4. Mutual Inductance (M) & (N1 N2) / d

(a) When distance (d) is increased — Mutual inductance decreases.

(b) When number of turns (N: and N) are increased — Mutual inductance increases.

5. Polarity: Plate A becomes positive (+) and Plate B becomes negative (). Reason: Magnetic
flux through the loop increases (due to approach of both N-poles towards the loop). Induced
current flows in the direction that opposes the increase in flux (Lenz’s law).

6. Induced current is greater in the copper coil. Reason: Induced emf is the same in both (¢ =
NBAwsinwt), but resistance of copper coil is less pcy < par»>so! = &/R is larger for copper.
7.7 to Y and then Y to Z by using Lenz law.

8. When switch S is closed, bulb P will light up earlier. Bulb P is connected in series with a
resistor. So, the current in bulb P will instantly rise to its steady value. On the other hand, bulb
Q is in series with an inductor. On closing the switch S, current in bulb Q will grow exponentially
to its steady value which will be the same as for bulb P. This is due to the production of induced

emf in the inductor. However, the steady state value of current will be the same in both the bulbs.

.. d o . . o
9. Faraday’s Law definition: ¢ = — d—‘f . Direction of induced current is such that it tries to

increase the magnetic flux (opposes the decrease).
10. From the graph, = - = L . Slope of X is more than that of Y. Hence X is iron-cored because

dt
inductance of iron cored coil is more than that of air-cored coil.

3 MARKS QUESTIONS
1. (a) Define mutual inductance of a pair of coils. Write its SI unit. (CBSE 2026)
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(b) A long solenoid of radius R and length L has n turns per unit length. A circular loop of radius
r (< R) is placed inside at the centre of the solenoid such that its axis coincides with the axis of
the solenoid. Obtain the mutual inductance of the solenoid and the loop.

2. A square loop MNOP of side 20 cm is placed horizontally in a uniform magnetic field acting
vertically downwards as shown in the figure. The loop is pulled . . «

X X X X
with a constant velocity of 20 Aol R ol
cms! till it goes out of the field. M :OC: XX
(a) Depict the direction of the induced current in the loop as it x [x x 'x x x
goes out of the field. PO X X X X
Tm

(b) For how long would the current in the loop persist?

3. State Faraday’s law of electromagnetic induction. Briefly describe two methods for producing
induced emf. (CBSE 2026)

4. Two coils, one of radius 0-5 cm having 10 turns and the other of radius 5 cm having 50 turns
are placed coaxially in air such that their centres are coincident. Calculate: (CBSE 2026)
(a) the magnetic flux through the smaller coil if the larger coil carries a current of 3 A, and

(b) the mutual inductance of the two coils.

5. (a) Identify the machine in the given figure.
(b) Identify the parts P, Q and R of the machine
(c) Give the polarities of the magnetic poles.

uniform magnetic field acts in the direction perpendicular to the

X X X X M
plane of the loop. Arm PQ is moved with a velocity v towards the » x Y = X_T;:_i_,z:'
arm RS. Assuming that the arms QR, RS and SP have negligible x x o k x x x XSk x x x
resistances and the moving arm PQ has the resistance r. Obtain the =~ * *  xxxcd p@e x x)
. ®x X oM X XK X XM PX K X
exXpression fOI' K OX M OMX X X N XK X XK X X

(a) the current in the loop
(b) the force and
(c) the power required to move arm PQ.

7. How does the mutual inductance of a pair of coils change when

(a) the distance between the coils is increased?

(b) the number of turns in each coil is decreased?

(c) a thin iron sheet is placed between the two coils, other factors remaining the same? Justify
your answer in each case.

8. A conducting coil of 50 turns and area 5/ cm? is rotating along the axis of solenoid of length
50cm and 2000 turns, carrying current of 5 A. What will be the value of maximum emf
generated? (CBSE SQP 2025-26)

9. The currents through two inductors of self-inductance 12 mH and 24 mH are increasing with
time at the same rate. Draw graphs showing the variation of the: (CBSE COMPT.
2025)

(a) Magnitude of emf induced with the rate of change of current in each inductor.
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(b) Energy stored in each inductor with the current flowing through it.

10. In a physics laboratory, a student is studying a long solenoid used in an electromagnet. Using
Faraday’s law of electromagnetic induction and Lenz’s law, derive an expression for the self-
inductance of this long solenoid in terms of its geometry (number of turns N, area of cross-
section A and length 1) and the permeability of the medium () inside the solenoid.
SOLUTIONS- 3 MARKS QUESTIONS

1. (a) Define Mutual induction and write its SI Unit

(b) Derive to get M = pon®mr?l
2. (a) Clockwise MNOP.

(b) v=20 cm/s; d =20 cm , Time taken by the loop to move out of magnetic field, t=1 sec
3. The magnitude of the induced emf in a circuit is equal to the time rate of change of magnetic
flux through the circuit.
Methods of producing induced emf:
(1) By changing magnetic field with time.
(i1) By changing area of the coil with time in the magnetic field.
(i11) By changing the angle between magnetic field and normal to the coil with time (Any two)
4. Using suitable formulas we get,

(a) 1.48 x 10° Wb

(b)yM12,=4.92 X 10" H
5. (a) AC generator

(b) P -Slip rings Q -Carbon brushes R-Armature coil

(c) Left side of the magnet is North & right side is South or vice-versa.

_BWw _ v _p22?
6.@1=2 () F=BPY () P=B*2Y

7. (a) Mutual inductance decreases. (b) Mutual inductance decreases. (¢) Mutual inductance
increases. Using Formula: M = (uou Ny N, A)/d (or M = @z, /11)

8. The instantaneous induced emf'is given by: ¢ = NBAwsin wt

The maximum value of induced emf is: €,,,, = NBAw

Substituting the values: &,,,,=2mV

9. (a) Graph is a straight line passing through origin for both. Slope for 24 mH inductor is twice
the slope for 12 mH inductor.

(b) Graph is a parabola opening upwards for both. For same current I, energy stored in 24 mH
inductor is twice that in 12 mH inductor.

10. Derive the correct result. L = pn2Al , where n = %

5 MARKS QUESTIONS
1. (a) State Faraday’s law of electromagnetic induction.
(b) Derive an expression for the self-inductance of an air-filled long solenoid of length 1 and
cross-sectional area A having N turns.
(c) A conducting rod of length 50 cm, with one end pivoted, is rotated with angular speed of

60 rpm in a uniform magnetic field of 4.0 mT directed perpendicular to the plane of rotation of
rod. Find the emf induced in the rod. (CBSE 2026)

2. (a) State Lenz's law. Give one example to illustrate this law. "The Lenz's law is a consequence
of the principle of conservation of energy." Justify this statement.
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(b) A long solenoid with 15 turns per cm has a small loop of area 2.0 cm? placed inside the
solenoid normal to its axis. If the current carried by the solenoid changes steadily from 2.0 A to
4.0 Ain 0.1 s, what is the induced emf in the loop while the current is changing?

3. (a) Define coefficient of self-induction. AC Soures
Obtain an expression for mutual-inductance S.No V (Volts) 1(A)
. 1s 1 3.0 0.5
of'a long solenoid of length ‘I’, area of cross- 2 6.0 1.0
3 9.0 1.5

section ‘A’ having ‘N’ turns.
(b) Calculate the self-inductance of a coil DC Source

using the following data obtained when an S:No Y Vol L)
200 P 6.0 15
AC source of frequency — Hz and a DC 3 50 20

source is applied across the coil.
SOLUTIONS- 5 MARKS QUESTIONS
1. (a) Stating Faraday’s law
(b) Deriving Expression for self-inductance.
(c) Finding the induced e.m.f e = 3.14 mV
2. State the law. e = 7.54 ulV/
3.

For dc part.R= % =4 Q (in each case)
For ac part f= 20 Hz
T
Total impedance
Z = 6 Q (in each part)

X,=eL=2nfL=vZ'- R =/6'-47 =20
Thus, 27/ = +'20
V20 V20 1
200~ 400 20420

T

or L=

2n

LT

CASE BASED QUESTIONS

1. Consider the experimental set up shown in the figure. This jumping

ring experiment is an outstanding demonstration of some simple laws of  copper ring
Physics. A conducting non-magnetic ring is placed over the vertical core s
of a solenoid. When current is passed through the solenoid, the ring is
thrown off.

(1) The direction of induced current in the ring in jumping ring experiment
is such that the polarity developed in the ring is same as that of the
polarity on the face of the coil, then ring will jump up due to

(a) attractive force when the switch is closed in the circuit.

(b) repulsive force when the switch is closed in the circuit.

(c) attractive force when the switch is closed in the circuit.

(d) repulsive force when the switch is closed in the circuit.

(i1) What will happen if the terminals of the battery are reversed and the switch is closed?

(a) Ring will not be jump. (b) Ring will jump again.

(c¢) Current will not induced in the ring. (d) none of these

(i11) The jumping ring experiment based on which of the following law?

(a) Lenz’s Law (b) Faraday’s law (c) Snell’s Law (d) both (a) and (b)

(iv) Two identical circular loops A and B of metal wire are lying on a table without touching each
other. Loop A carries a current which increases with time. In response the loop B

Iron Core

Coil
N+
& lr

J Battery
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(a) remains stationary. (b) is attracted by loop A.

(c) is repelled by loop A. (d) rotates about its centre of mass with centre of mass fixed.

OR

An emf of 200 V is induced in a circuit when current in the circuit falls from 5 Ato 0 A in 0.1
second. The self-inductance of the circuit is

(a)3.5H (b)3.9H (c)4H (d)4.2H

2. Electromagnetic induction is defined as the production of an electromotive force across an
electric conductor in the changing magnetic field. The discovery of induction was done by
Michael Faraday in the year 1831. Electromagnetic induction finds many applications such as in
electrical components which includes transformers, inductors, and other devices such as electric
motors and generators. Alternating current is defined as an electric current which reverses in
direction periodically. In most of the electric power circuits, the waveform of alternating current
is the sine wave.

(1). How to increase the energy stored in an inductor by four times?

(a) By doubling the current (b) This is not possible

(c) By doubling the inductance (d) By making current V2 times

(i1). Consider an inductor whose linear dimensions are tripled and the total number of turns per
unit length is kept constant, what happens to the self-inductance?

(a) 9 times (b) 3 times (c) 27 times (d) 13 times
(ii1). Lenz law is based on which of the following conservation>
(a) Charge (b) Mass (c) Momentum (d) Energy

(iv). What will be the acceleration of the falling bar magnet which passes through the ring such
that the ring is held horizontally and the bar magnet is dropped along the axis of the ring?
(a) It depends on the diameter of the ring and the length of the magnet
(b) It is equal due to gravity (c) It is less than due to gravity
(d) It is more than due to gravity

Answer:
1. (1) (b) The direction of induced current in the ring is such that the polarity developed in the
ring is same as that of the polarity on the face of the coil, hence it will jump up due to repulsive
force.
(i1) (b) The polarity of the induced current in the ring will get reversed on changing the terminals
of the battery, so the ring will jump again. (ii1) (d)
(iv) (c) Opposite currents are induced in loops, so loops repel each other.
OR (¢) Self inductance, L=4 H
2. (1). (a) By doubling the current  (ii). (c) 27 times (iii). (d) Energy (iv). (¢)
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€ MAGNETIC FLUX (®)

o h D&

@) MOTIONAL EMF (8)

(i) Straight Conductor

£ = Btv
(ii} Rotating Rod about one end =
o lB = P £ KO
o i 2 =

(iii) Rotating Ceil (N turns)

B
w

@ ENERGY IN INDUCTOR

For N turns:

£ = NBAwsin(wt)

CLASS 12 PHYSICS - FORMULA SHEET

® = BAcos0

$ = NBA cos @

= Magnetic Flux {weber, Wh)

= Magnetic field (tesla, T)

= Area (m?)

= Angle between B and normal to area

MOST IMPORTANT

moa

= Magnetic field (T), £ = Length (m}, v = Velocity (m/s),
= Angular velocity (radfs), N = Number of turns

( - CBSE SYLLABUS | Lm NEP 2020 ALIGNED J

' MOST IMPORTANT

— -,

€D FARADAY’S LAWS OF INDUCTION

For a single turn:

__4d2
T dt
For N turns:
dd
— NI
. dt

£ = Induced EMF (volt)
dd

T Rate of change of flux

© SELF INDUCTANCE (L)

———

; P
L=—
i A I
dl
a~=lap
2
Solenoid: L = #

L = Self inductance (henry, H)

@ = Magnetic flux (weber)

I = Current {ampere)

pg = 4x % 1007 Hm™!

N = Mumber of turns, A = Area (m?), £ = Length (m)

© Ac GENERATOR

o <
| @ auick rRevision

f @ EexaAM READY |

© LEnz's Law

The induced EMF (or current) is in such a
direction that it opposes the change in
magnetic flux that produces it.

i\ MOST IMPORTANT

Nature opposes change.
That is Lenz's Law.

@ MUTUAL INDUCTANCE (M)

% @
- M= —2L
sy
S Il
-
dI,
BT
M = Mutual inductance (henry, H)
@,, = Flux in coil 2 due to current in coil 1

Note:

Mutual inductance depends on size,
shape, distance between coils and core.

© TRANSFORMER

5. [ 2l 1 Peak EMF: Primary Secondary 5 = Vi Irms
_ L 7 :
i L 2 . €0 = NBAw e Ve o) (No. Vo l3) | P =V hrpacos
£ Q = Vi Iy sin ¢
Energy Density Instantaneous EMF: 2 £ tan ¢ = %
B2 ] 2o p2, 02
u= £ = NBAw sin(wt) Y o N [ e Mol [ oie o 2
U=E d (joule, J) 2 ek Ol i Ideal Transformer
= Energy stored (joule, E
W= Bargy density im=1) I = Number of turas, B = Magnetic field (T) E"‘“""*"ﬂ; - - No power loss
B = Magnetic flux density (tesla, T} A = Area (m®), w = Angular speed (rad/s) n= Lhutpue Poweer:  100% - P.=P,
Input Power
- o= 100%
€D cOMPARISON TABLE 1) PHASOR DIAGRAMS (KEY CASES) D) POWER TRIANGLE
Propeny | Redmance(® | poacancito) | nascianes 04c) (i) Pure R Circuit (i) RL Circuit (i) RC Circuit S = Voms bross
v P o=V frme cos ¢
Formula I3 Xpom wl Xe = = v 5 (va) Q@ = Vi dog sin 6
ey Q = Vemudrms S
Oppasition in ? =
Cause = Self inductance Capacitance VAR
pure resistor @ =0 $=tve { ) tang = 2
Depends on ~ fL fc I $ I r
Phase (Vs 1) In phase Vieads 1 by 90* | I beads V by 90° W leads | | leads v - P oW i 5= Pt n Ot
[ shen {01} ahm (63 ohm (£ $=0" = cosg=1 O<d<d0” =+ cosp=tve <P’ — cosp=-+ve Power Factor = cos¢ = %
) 1MPORTANT conDITIONS @ MeMoRY TRICKS @ common misTakes D rvaTes
' "I Leads, C Cheats” "
V] Resonance (LCR Seriesh: X, = Xc of ag = ,,al:_r e AN ity V;;‘_“:! . e ) Using peak values in power formula.  Very important topies in CBSE PYQs:
! W eapaciton [C), Current leads Voltags. . o > Lenz's Law & direction of induced current
| Atresonance: ¢ =0, Z= R (minimum). I = maximum @ Forgetting negative sign in
! R— -+ "N over P - Voltage: P over 5 — Current” Faraday’s law. > EMF in moving/retating conductors
: S
~"  Power factor unity at resonance. - N, Iy = i{,’ o Confusing phase relations in > Self & mutual inductance problems .
[] Metinductive: Xp > Xe = ¢ = 0 (V leads 1) Ny fe Ny RL and RC circuits. > AC generator & transformer formulas P":'“"CERT
“Flux First, EMF Next” n o : P ¥amples
+'| Met capacitive: X¢ > Xj — ¢ < 0 ({1l leads V) Change in Flux (48,1 gives rise te EMF. © Ignoring units (H, W, T, 0). e PEvien Sopawer Sctot in AL cincuite & Previous Years
“Oppose the Change™ € Wrong transfarmer twrn ratio. Questionsr

< ~mg

SYMBOLS & THEIR MEANINGS
: Magnetic Flux (Wi} V, : RMS Voltage (V)

¢ Induced EMF (V) Wi RMS Current (A)
+ Current (A) w + Angular Frequeney (rad s7*)
: Vaoltage (V) f : Frequency (Hz)

Lenz's Law ~ Mature apposes change.

S1 UNITS CONSTANTS COMCEPT CLEAR.
Flusx () : Weber (Wh) 7 =31416 FORMULAS STRONG.
Inductance (L, M) i Henry (H) = dx % 1077 Hm™! - L
e L el :-DH 3 11wb o m ,\\-:I——:} SUCCESS LONG!
Capacitance (C) : Farad (F) = : o KEEP CALM &
Magnetic field (B) : Tesla (T) 1IF=1Ccv™ i CRACK THE EXAM!
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CHAPTER 07

®~) ALTERNATING CURRENT

1. ALTERNATING CURRENT & VOLTAGE 2. AC THROUGH DIFFERENT CIRCUITS

Phase Relation ‘ Key Point

AC is a current whose magnitude and direction | ey [ :
change with time periodically. Circuit Waveform Phasor Diagram
AC Generator ~ Coil Instantaneous values: (A) Pure v. i v
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MULTIPLE CHOICE QUESTIONS
1. A series LCR circuit with R=3 Q, X.=4 Q, X;=8 Q is connected to a 220 V, 50 Hz ac source.
The power factor for the circuit is (CBSE 2026)
(a) 0.30 (b) 0.45 (c) 0.50 (d) 0.60
2. The figure shows the variation of capacitive reactance (Xc¢) of two ideal capacitors of

capacitances Ci & C> with the reciprocal of angular frequency (1/ w) of ac source. The value of
C1/Cz 1s (CBSE 2026)

(a) 1/2 (b) 2 (©V3 ()%

3. The figure shows variation of current (I) with time (t) in four devices P, Q, R |
and S. The device in which an alternating current flow is

(a) P (b Q ()R (d)S

4. An ac voltage V = Vj sinwt is applied to a series combination of a resistor R
and an element X. The instantaneous current in the circuit is [ = I,sin(wt + ©/4).Then which

of the following is correct?

(a) X is a capacitor and Xc =V2 R (b) X is an inductor and X. =R

(¢) X is an inductor and Xi. = V2 R (d) X is a capacitor and Xc =R

5. Which of the following 1 ;

graphs on the right side ) , ©, @ U
represent the variation of

current (I) with frequency (f)

. o .. 7
in an AC circuit containing a ! ! /

pure capacitor?

6. The rms and the average value of an ac voltage V' = V,, sinwt volt over a cycle respectively

will be: (CBSE 2026)
Yo Yo Yo Vo Yo

@)% % (b)2, © %0 () Vor 2

7. In a laboratory, an inductor (L), a capacitor (C), and a resistor (R) were happily connected in
series with an AC source. One day, the frequency of the AC supply was gradually decreased. As
the frequency dropped, the reactance of:

(a) both L and C decreased (b) L decreased but C increased

(c) both L and C increased (d) L increased but C decreased

8. An ac circuit has a resistance of 12 ohm and an impedance of 15 ohm. The power factor of the
circuit will be

(a) 0.8 (b) 0.4 (c) 0.125 (d) 1.25

9. In an AC circuit, an inductor was connected to an alternating voltage source. Initially, it had a
certain inductive reactance Xi Suddenly, the frequency of the AC source was made 4 times its
initial value. What will happen to the inductive reactance?

(a) It becomes 2 times (b) It becomes 3 times

(c) It becomes 4 times (d) It remains unchanged

10. An alternating current in a circuit is given by I = 20sin (1007 t +10.057) A . The r.m.s value
of current & its frequency respectively are

(A)10A& 100 Hz (B)10A& 50Hz  (C) 10 V2A & 50Hz (D) 20 V2A & 100Hz
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11. An ac voltage is given as v = 14 sin (314t) V. The average and the effective value of the
voltage (in V) over a cycle are respectively: (CBSE 2026)
(a) 14 and 7 (b) 10 and 14 (c)0and 10 (d) 10 and O
12. An LCR series circuit with a resistance of 100 €2 is connected to an ac source of 200 V (r.m.s.)
and angular frequency 300 rad/s. When only the capacitor is removed, the current lags behind
the voltage by 60°. When only the inductor is removed the current leads the voltage by 600. The
average power dissipated is
(a) 50 W (b) 100 W (c) 200 W (d) 400W
13. A power transformer is used to step up an alternating e.m.f. of 220 V to 11 kV to transmit 4.4
kW of power. If the primary coil has 1000 turns, what is the current rating of the secondary?
Assume 100% efficiency for the transformer
(a)4 A (b) 0.4 A (c) 0.04 A (d)0.2A
14. In an ideal transformer, the no. of turns of primary and secondary coil are 500 and 400
respectively. If 220 V is supplied to the primary coil, then ratio of currents in primary and
secondary coils is
(a)4:5 (b)5: 4 (c)5:9 (d)9:5
15. To reduce the resonant frequency in an L-C-R series circuit with a generator
(a) the generator frequency should be reduced
(b) another capacitor should be added in parallel to the first
(c) the iron core of the inductor should be removed
(d) dielectric in the capacitor should be removed
ANSWERS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

d d d d C C b a c C C d b a b

TARE THE CHALLENGE

1. If an LCR circuit contains L=8H , C=0.5 pF, R = 100 Q in series. Then the resonant angular
frequency will be:

(a) 600 rad/s (b) 500 rad/s (c) 600 Hz (d) 500 Hz

2. To reduce the resonant frequency in an LCR series circuit with a generator

(a) the generator frequency should be reduced.

(b) another capacitor should be added in parallel to the first.

(c) the iron core of the inductor should be removed.

(d) dielectric in the capacitor should be removed.

3. The output of a step-down transformer is measured to be 24 V when connected to a 12 watt
light bulb. The value of the peak current is

(@) 1N\2A b)\2 A (c) 2A (d) 272A

4. The variation of the instantaneous current (I) and the instantaneous emf (E) in a circuit is as
shown in fig. Which of the following statements is correct?

(a) The voltage lags behind the current by g h
(b)The voltage leads the current by g ol 35

(c) The voltage and the current are in phase
(d)The voltage leads the current by
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5. The figure shows variation of R, Xt and Xc with frequency f in a series L, C, R circuit. Then

for what frequency point, the circuit is inductive /‘Ks =

@) A (b)B (c)C (d)All points

1-(b), 2-(b), 3-(a), 4-(b), 5-(c) (»i{
ASSERTION-REASON e f

In the following questions 9 and 10, a statement of assertion (A) is followed by a statement of
reason (R). Mark the correct choice as:

(a) Both assertion (A) and reason (R) are true and reason (R) is the correct explanation of assertion
(A).

(b) Both assertion (A) and reason (R) are true but reason (R) is not the correct explanation of
assertion (A).

(c) Assertion (A) is true but reason (R) is false.

(d) Assertion (A) is false but reason (R) is true.

(e) Both Assertion (A) and Reason(R) are false.

1. Assertion (A): In a pure resistive circuit, voltage and current are in the same phase

Reason (R):. In resistors, energy is alternately stored and released.

2. Assertion (A): In an ideal LC circuit, the current oscillates indefinitely.

Reason (R): There is no energy loss in an ideal LC circuit.

3. Assertion (A): In an LCR circuit at resonance, the impedance is minimum.

Reason (R): At resonance, the inductive and capacitive reactance cancel each other.

4. Assertion (A): The average power consumed in a pure inductive circuit is zero.

Reason (R): In a pure inductive circuit, the current leads the voltage by 90°

5. Assertion (A): The power factor in a purely capacitive circuit is zero.

Reason (R): In a capacitive circuit, the current leads the voltage by 90°

6. Assertion (A): In an AC circuit containing only a capacitor, current lags the voltage by 90°
Reason (R): Capacitors offer no resistance to AC current.

7. Assertion (A):. The power consumed in an AC circuit is given by P=Vrwms Irms cosd
Reason (R): The product Vrms Irms gives the apparent power.

8. Assertion (A): The voltage across the inductor leads the current by 90°.

Reason (R): The induced emf in the inductor opposes the change in current.

9. Assertion (A): The quality factor of an LCR series circuit increases with increase in resistance.
Reason (R): Higher resistance causes sharper resonance

10. Assertion (A): In a transformer, higher value of alternating voltage can be converted into
lower voltage and vice versa

Reason (R): A transformer works on the principle of electromagnetic induction.

11. Assertion (A): The alternating current lags behind the emf by a phase angle of n/2, when AC
flows through an inductor.

Reason (R): The inductive reactance increase as the frequency of AC source decrease.

12. Assertion (A): In series LCR resonance circuit, the impedance is equal to the ohmic
resistance.

Reason (R): At resonance, the inductive reactance exceeds the capacitive reactance

13. Assertion (A): When capacitive reactance is smaller than the inductive reactance in LCR
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series circuit, emf leads the current

Reason (R): The phase angle is the angle between alternating emf and alternating current of
the circuit

14. Assertion (A): When alternating current flows through a pure inductor, the current lags
behind the voltage by a phase angle of 90° (n/2).

Reason (R): The inductive reactance increases as the frequency of the AC source decreases.

15. Assertion (A): A transformer cannot work on DC supply.

Reason (R): Transformers work on the principle of mutual induction, which requires a changing
magnetic flux.

ANSWERS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
c a a c a e b b e b c c b c a
TAKE THE CHALLENGE

1. Assertion (A): At an airport, a person is made to walk through the doorway of a metal
detector.
Reason (R): Metal detector works on the principle of resonance in AC circuits.
2. Assertion (A): Smaller the band width, sharper the resonance and easier it is to tune an LCR
circuit.
Reason (R): Resonant frequency is arithmetic mean of half power frequencies.
3. Assertion (A): An electric lamp is connected in series with a long solenoid of copper with
air core and then connected to ac source. If an iron rod is inserted in solenoid, the lamp will
become dim.
Reason (R): If an iron rod is inserted in solenoid, the inductance of solenoid increases.
4. Assertion (A): At frequency greater than resonant frequency, circuit is inductive in nature.
Reason (R): Reciprocal of reactance is called susceptance.
5. Assertion (A): Average power consumed in an ac circuit is equal to average power
consumed by resistors in the circuit.
Reason (R): Average power consumed by capacitor and inductor is zero
1'(b)3 2-(C), 3'(3)3 4'(b)3 5'(3)

2 MARKS QUESTIONS
1. An inductor of 5/n H and, a capacitor of 50/t uF and a resistor of 400 €2 are connected in
series across an ac voltage v = 140 sin (100xrt) V. Calculate: (1) impedance of the circuit, and
(i1) rms value of current that flows in the circuit.
2. A capacitor C, a variable resistor R and a bulb B are connected
in series to the ac mains in circuit | R @B
as shown. The bulb glows with some brightness. How will the Ct
glow of the bulb change if (i) a dielectric slab is introduced
between the plates of the capacitor, keeping resistance R to be Maine
the same; (ii) the resistance R is increased keeping the same
capacitance?
3. An alternating voltage of frequency f is applied across a series LCR circuit. Let f; be the
resonance frequency for the circuit. Will the current in the circuit lag, lead or remain in phase
with the applied voltage when (i) f > f, (i1) f < f; ? Explain your answer in each case.
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4. Draw the graphs showing the variations of (i) inductive reactance, and (ii) capacitive

reactance,

with frequency of applied voltages in ac circuit. How do the values of (i) inductive, and (ii)

capacitive reactance change, when the frequency of applied voltage is tripled?

5. The coil of an ac generator consists of 100 turns of wire, each of area 0.5m?. The resistance of

the wire 1s 100 Q. The coil is rotating in a magnetic field of 0.8 T perpendicular to its axis of

rotation, at a constant angular speed of 60 radian per second. Calculate the maximum emf

generated and power dissipated in the coil.

6. Prove that an ideal capacitor in an ac circuit does not dissipate any average power.

7. Define ‘quality factor’ of resonance in series LCR circuit. What is its SI unit.

8. A bulb B and an inductor are connected in series to the ac mains. The bulb glows with some

brightness. How will the glow of the bulb change when a paramagnetic slab is introduced in side

the inductor.

9. Mention any two characteristics properties of the material suitable of making the core of

transformer.

10. Calculate the quality factor of a series LCR circuit with L=2.0 H, C= 2 uF and R= 10Q.
SOLUTIONS- 2 MARKS QUESTIONS

1. Using Z = \/RZ + (wL — ﬁ) and l,s = we get. Z=500 ohm and Irms=0.2A

VO
PR
2. If slab is inserted between the plates, capacitance will increase and X. decrease so Z will
decrease making the current in bulb more and hence, the bulb will shine brighter.

(i1) If R is increased, Z will increase making the current less and again the bulb will glow dimly.
3. As the frequency of the AC source increases, Xcdecreases while X1 increases. (i) Hence for f
> f; circuit turns inductive in nature and current lags behind the voltage by certain phase angle.
(i1) For f< f; circuit is capacitive in nature as Xc > Xr and current leads the voltage by certain
phase angle.

4. Suitable graphs as per NCERT. (i) Inductive reactance also gets tripled and ii) Capacitive
reactance reduces to one third.

5. Using formula e,=NBAw, we get e, =2400 V and P=e?2,,o/R = 28.8 kW

6. Pavg is proportional to cosg and ¢ is 90° so average power dissipated is zero.

7. Write definition, no unit and dimensions.

8. XL increases so brightness decreases.

9. Mention any two.

10. Q= |50 Q=100
3 MARKS QUESTIONS

1. Define the terms (i) resonant frequency, and (ii) power factor of a series LCR circuit. For what
value of the power factor will the power dissipated in the circuit be maximum? (CBSE 2026)

2. The number of turns in the primary and the secondary coil of an ideal transformer are 100 and
5000 respectively. If 3.3 kW power is supplied to the transformer at 220 V, find

(1) Current in the primary coil, and (ii) output voltage. (CBSE 2026)

3. (a) Can a transformer step up or step down dc power supply ?

(b) Can a step up transformer work as a step down transformer?

(c) Does a step up transformer contradict the principle of conservation of energy? Justify your
answer. (CBSE 2026)
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4. A light bulb and an open coil inductor are connected to an ac source through a key as shown
in the figure. The switch is closed and after sometime, an iron rod is inserted

into the interior of the inductor.The glow of the light bulb (a) increases; (b)

decreases; (c) is unchanged, as the iron rod is inserted. Give your answer

with reason. What will be your answer if ac source is replaced by a dc

source?

5. (a) The graphs (i) and (ii) represent the variation of the opposition offered by the circuit

element to the flow of alternating @ G

current with frequency of the applied oot gy

emf. Identify the circuit element 4 i
corresponding to each graph. O Froquency —» Ol Frequency —»

(b) Write the expression for the impedance offered by the series combinations of the above two
elements connected across the ac. Which will be ahead in phase in this circuit, voltage or
current?

6. Show that the current leads the voltage in phase by /2 in an ac circuit containing an ideal
capacitor. )

7. The figure shows the graphical variation of the reactance of a capacitor ]|
with frequency of ac source. (a) Find the capacitance of the capacitor. (b) An
ideal inductor has the same reactance at 100 Hz frequency as the capacitor

has at the same frequency. Find the value of inductance of the inductor. (¢) 1
Draw the graph showing the variation of the reactance of this inductor with ’ i E 1 ee
frequency.

8. A resistor of 30 Q and a capacitor of 250/ uF are connected in series to a 200 V, 50 Hz ac
source. Calculate (i) the current in the circuit, and (ii) voltage drops across the resistor and the
capacitor (iii) Is the algebraic sum of these voltages more than the source voltage? If yes, solve
the paradox.
9. A series LCR circuit with R =20Q L=2 H and C =50 F is connected to a 200 volts ac source
of variable frequency. What is (i) the amplitude of the current, and (ii) the average power
transferred to the circuit in one complete cycle, at resonance? (iii) Calculate the potential drop
across the capacitor.
10. A step-up transformer has 200 and 3000 turns in its primary and secondary coils respectively.
The input voltage given to the primary coil is 90 V.
Calculate:
(1) The output voltage across the secondary coil
(2) The current in the primary coil if the current in the secondary coil is 2.0 A.

. SOLUTIONS- 3 MARKS QUESTIONS
1. (i) Frequency at which Xi=Xc, (i1) cos¢p=2/R, (iii) P is maximum when cos¢=1.

D=2 and P = Volp, we get Ip = 15A and V; = 11000V

Ny s
3. (a) No, Transformers work on the principle of mutual induction because D.C. provides a
constant current, there will be no change in magnetic flux.

(b) Yes, By reversing the connections, the secondary winding can be used as the primary.

(c) No, A step-up transformer changes low voltage into high voltage, and the current is reduced
by the same proportion.

4. When an iron core is inserted, it gets magnetized and the magnetic field inside the coil
increases. The L of the coil increases. Consequently, the Xi of the coil increases. A large fraction

2. Using ::—s =
p

ZIET MYSURU-SSM PHY SICS-X11-2026-27




of the applied ac voltage appears across the inductor and the voltage across the bulb decreases.
Thus, the glow of the bulb decreases. In case of a dc source, the glow of the bulb does not change.
5. (a) In graph (i), the opposition to the flow of current does not depend upon frequency, the
circuit element is a resistor. In graph (ii), the opposition increases with frequency, the current
element is an inductor.(b) When the resistor R and the inductance L are connected in series across

an ac source, then impedance Z of the circuit is given by Z = \/R? + X? where Xr is an
inductive reactance. In an L-R circuit, the voltage is ahead of the current.

6. Derive to obtain [ = I,sin(wt + g)

7.(a) C = 265 uF (b) L = 9.6 mH (c) suitable graph

8. (1) Using formula for X. and Z, we get Iims = 4A (i1) VrR=120V and V=160V (iii) Vr + V¢
=280V While Vs of the source is 200 V. Yes, the voltages across the combination is more than
the voltage of the source. The voltage across the resistor and capacitor are not in phase. This
paradox can be resolved as when the current passes through the capacitor, it leads the voltage
VC by phase /2. So voltage of the source can be given as Vims=200V.

9. (i) At resonance Z=R 50 I=V/R Ims=10A and Io=IimsV2 =14.14A

Average power transferred to the circuit in one complete cycle at resonance: P = I?;nsR = 2000W

®o=—== 100 rad/s , Xe=1/0C , Ve=lmsXe=2000V
VLC

10. (1) secondary voltage = 1350V
(1) current in the primary coil = 30A

5 MARKS QUESTIONS
1. (a) Draw a labelled diagram of a step-up transformer. State the principle on which it works
and obtain the ratio of secondary voltage to primary voltage in terms of number of turns and
currents in the two coils. (CBSE 2026)
(b) The ratio of the number of turns in the primary to the secondary of an ideal transformer is
1:5. If 5 kW power at 200 V is supplied to the primary, find
(1) current in the primary, and
(i1) output voltage.
2. (a) A series combination of L, C and R is connected to an a.c. source. Using a phasor
diagram, derive an expression for the impedance of the circuit and phase difference between V
and . (CBSE 2026)
(b) Under what conditions the
(1) Impedance of the circuit is minimum?
(i) Wattless current flows in the circuit?

OR
(1) With the help of a labelled diagram, explain the principle, construction and working of an
a.c. generator.
(i1) Deduce an expression for the induced emf in the coil of the generator.
(ii1) If T is the time period of the rotation of the coil, at what values of T in a cycle, the emf
generator is maximum?
3. (i) you are given three circuit elements X , Y and Z. They are connected one by one across a

given ac source. It is found that V and I are in phase of element X. V leads I by g for element Y

where I leads V by g for element Z. Identify elements X, Y and Z.
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(i1) Establish the expression for total opposition offered to circuit when elements X, Y and Z are
connected in series to an ac source. Show the variation of current in circuit with the frequency
of the applied source when only Y & Z are connected in circuit.
(i11) In a series LCR circuit obtain, the conditions under which impedance is minimum, justify
why circuit becomes purely resistive at resonance?

SOLUTIONS- 5 MARKS QUESTIONS
1. (a) Drawing labelled diagram of step-up transformer. Stating the principle. Obtaining the ratio of
voltages in terms of number of turns and current.

(b) Using .= = = = L andP = V,Ip, we get Ip = 25 A and V; = 1000V
p P s

2. (a) Deriving expression for Impedance of series LCR circuit and Phase difference between V & L.
(b) (i)Minimum when X =Xc
(i1)) When average power consumer is zero.

OR
(1) For ac generator, labelled diagram / construction. It is based on the principle of
Electromagnetic Induction. Working: When coil is rotated in magnetic field, magnetic flux
linked with it changes and emf is induced in the coil.
(i1) Deducing expression for induced emf ¢ = NBAwsinwt
(ii1) Emf generated is maximum at T/4 and 3T/4
3. (1) X-resistor Y-inductor  Z-Capacitor
(i1) Deduce expression for Z. Graph for LC combination circuit.
(ii1) Condition of resonance, X = Xt so Z=R

CASE BASED QUESTIONS

1. Capacitor used in old radio sets is gang capacitor. It consists of two sets of parallel circular
plates one of which can rotate manually by means of a knob. The rotation causes overlapping
areas of plates to change, thus changing its capacitance. Air gap between plates acts as dielectric.
The capacitor has to be tuned in to the corresponding frequency of a station so that the LC
combination of the radio set resonates at the frequency of the desired station. When capacitive
reactance (Xc) is equal to the inductive reactance (Xi), then the resonance occurs and the

. . 1 . .
resonant frequency is given by wo = /E . Current amplitude becomes maximum at the resonant

frequency. It is important to note that resonance phenomena is exhibited by a circuit only if, both
L and C are present in the circuit. Only then, the voltage across L and C cancel each other (both
being out of phase) and the current amplitude is max. , where Im = Vm/ R. This means that we
cannot have resonance in a RL or RC circuit.

(1) Name the phenomena involved in tuning a radio set to a particular station

(a) Stabilization (b) Resonance (c) Rectification (d) Reflection

(i1) Capacitor used in radio set for tuning is a

(a) Parallel plate capacitor (b) Spherical capacitor (c) gang capacitor (d) electrolytic capacitor.
(ii1) Resonance occurs only when:

(a) Xc=R (b) XL =R (c) Xc>Xo (d) Xo=Xc
(iv) Resonance may occur in
(a) LC circuit (b) RC circuit (c) LR circuit (d) resistor only circuit

ZIET MYSURU-SSM PHY SICS-X11-2026-27




2. A transformer is an electrical device which is used for changing a.c. voltages. It is based on
_ns_ K, where symbols
Is np

have their standard meaning. For a step up transformer, K>1 and for a step down transformer,
K<I. The numbers of turns in the primary and secondary coils of a transformer are 2000 and 50
respectively. The primary coil is connected to main of 120 V and secondary to a night bulb of
0.6 ohm. The efficiency of transformer is 80 %.

(1) A transformer is used:

(a) to transform electric energy into mechanical energy. (b) to obtain suitable DC voltage

. . E
the phenomenon of mutual induction. It can be shown that E—; =

(c) to transform AC into DC (d) to obtain suitable AC voltage.
(i1) Which quantity is increased in step-down transformer?
(a) Resistance (b) power (c) current (d) charge

(ii1) In step-up transformer, relation between number of turns in primary (Np) and number of
turns in secondary (Ns)is

(iv) Voltage across the secondary of transformer is
(a) 120V (b) 360V (c) 40V (d3Vv

3. Series LCR circuits at resonance admit maximum current at particular frequencies. Therefore,
it is called acceptor circuit because at resonance, impedance of LCR circuit is minimum and it
easily accepts that current out of the many currents whose frequency is equal to the resonant
frequency. This circuit is used in radio and TV receivers to tune the desired frequency or filtered
unwanted frequencies. The amplitude of the current with the frequency of the signal from the
desired station becomes maximum and hence it is received by the radio or TV receiver. The

1
2mVLC If

Q-value of circuit is large the signals of the other stations will be very weak. Quality factor
determines the clarity of reception.

(1) The current admitted by series LCR circuit corresponding to resonant frequency is

(a) maximum (b) minimum (c) zero (d) 10A

(i1) In a series LCR circuit L=8H, C=0.5uF and R=100Q. The resonant frequency of the circuit
is:

(a) 1000/t Hz (b) 500/ m Hz (c)250/mHz (d)125/n Hz

maximum current flows through for that a.c. voltage which has frequency equal to f; =

(ii1) At resonance, in a series LCR circuit, which relation does not hold?
1 1 1 1
(a)w = Tc (b)w = m (C) Lw = (U_c (d) Cw = I

(iv) Nita switched on the radio set to listen to her favourite music but found the reception was
not clear. Also there was there was overlapping of signals. So she adjusted the tuner. Name the
phenomenon involved here

(a) reception (b) bandwith (c) resonance (d) filtration

li-b, ii-c, iii-d, iv-a

21-d 1-d 1-d  iv-a
3i-d ii-a iii-b  iv-c
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¢\ ALTERNATING CURRENT -\ (%)

CLASS 12 PHYSICS - FORMULA SHEET

o o
[ <= CBSE SYLLABUS | | NEP 2020 ALIGNED
ey -

@ ALTERNATING CURRENT & VOLTAGE

Instantaneous Values v i
; Vo
v = Vy sin(wt)
ot o
i = I sin(wt)

¥ MOST IMPORTANT

Vi, Iy = Peak (maximum) values

w = 2nf (rads™) , f = frequency (Hz)

© REACTANCE

Inductive Reactance Capacitive Reactance

@) IMPEDANCE & PHASE RELATION

Impedance (Z)

Q QUICK RECALL

*» AC reverses direction RMS (Effective) Values

periodically. V(]
+ Average value of Vrms = ﬁ
sinusoidal AC over a I
let le=0 = 0
complete cycle i
+ RMS value is the \/5
equivalent DC value
Key Point

producing same
power in a resistor.

@ PHASOR DIAGRAMS (KeY caSES)

(a) Pure R Circuit {b) RL Circuit

f (5 QuicK REVISION | | @ Eexamreapy |

o RMS VALUE & PEAK VALUE

Peak = RMS = /2

In AC circuits, Ve, frme are used for power calculations.

{c) RC Circuit

! 1 v v v
Kp = @k d s Z = VR + (Xp - X¢)? v
=a5ep L | 1 |

= m Phase Angle (¢h) : : =
Unit: ohm (£2) Unit: ohm (£2) G X —X¢ v I sz oSy 7

R V leads | Ileads V
Mote: X; increases with f, X decreases with [ Z is always positive, Unit: ohm (£2) Mote: For LCR dircult, phase angle ¢ can be leading or lagging depending on X, and Xc.

@ LcR SERIES CIRCUIT ™ @ RESONANCE (LCR CIRCUIT) e T
Ins o At Resonance: Resonant Angular Frequency TR
Vims
Lems = rT = X=X wy = __]'

R L C
';
I
@
v

Z = [R? + (X — Xc)?

VLC

Resonant Frequency

¢ = 0 (land V in phase)

Z = R (minimum)

X; — X » Current is maximum 1
tan ¢ = =TT fo= ——— ¥
*= Power factor = 1 ZHﬁE
Phase: Current lags voltage by ¢ if X, = X (inductive)
Current leads voltage by ¢ if X > X, (capacitive) Helpful to select a particular frequency.
© PowER N AC CIRCUIT POWER TRIANGLE €) TRANSFORMER ) Lc osciLLaTIONS
Average Power (Real Power) Primary Secondary w = _1
(NG) . (N;) W
ang = VemsIrms cOS @ i 1
o e | / T 3 Goa's
Vol 2 Tai= Iy,
Payg = —%L cos ¢ r 1
Ideal Transformer i 27-TC
Power Factor MPILWI Vs = Ns Iy = Ny Key Poi
al Porwer v N 1 N ey Point
& R P P s P
cosp = — Energy oscillates between electric field of C
2 Q Efficienc
4 S2=P2+Q? tan g = P Y and magnetic field of L.
0= Output Power = 100% Total energy remains constant.
Input Power
'CD X vs Xevs Z @ IMPORTANT CONDITIONS @ DIFFERENCE
Quantity Formula Depends on Mature 1 Feature (R) x) Impedance (Z)
Rescnance: X = X¢ or wgp = — AR = in = o o
: ic 2 i pure Vdue oL Tatal ition in
Xy 2mfL fL ~ Inductive ; L resistor orC iy
lincreeses whia ) - Power factor unity: ¢ = 0 (at resonance)
= Depends on Does not depend Depends on Depends on R,
Xe 1 £ C Capacitive . i 5 i i an f L, Candf
7 5 d s with - Met inductive: = Xe (current lags)
2afc e gea bt 2. £t Power Consumespower | Doesnotconsume | Consumes
z VRE 1 (X, - X, R. X Xc Combination |~ | Met capacitive: X > X (current leads) ok £
lalways +ve) Unit Ohm (£} Ohen (L2} Ohm (22}
@ MEMORY TRICKS @ commoN mISTAKES Q@ rvames o
= ; = Cuestions often eome from: A
"ELI the ICE man" =7/ "The Z Rule” "Power Formula™ € Using peak values in power formula. s
—ih | i €3 Forgetting unit of reactance (chm). * Resonance condition & wp Practice
ELI — X, (Inductor) &1 Impedance Z is the Use P = Vi, Iy 005 8 RGEEnE
- €3 Using X, instead of X, or vice versa. % Power factor & power formula KEEP CALM
ICE — X [Capacitor) resultant of R and Remember: PYQs! STAY
= - X R e Ignaring phase angle ¢ in calculations. = Transformer ratios FOCUSED
X increases, (X - X} cos = er Factor . . S = R CRACK THE EXAMY
X, dec B €3 Incorrect transformer turn Fatic, asor diagrams (RL, RC, LCR)
D) svMBoLS, UNITS & CONSTANTS R : Resistance (£2) L+ Inductance (H) o =3.1416 aL At
Xp i Inductive Reactance ({2} [ = Capacitance (F) e .
VoI : Valtage (V). Vi, frma = Peak values Xc : Capacitive Reactance (12) N : Mumber of wms oo =i o 1070 1F=1CV!
Current (A) iy = RMS values Z  : Impedance (1) o : Phase angle {rad or *)
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CHAPTER 08

«» ELECTROMAGNETIC WAVES

: " AN\ A N/

Electromagnetic waves are transverse waves which do not require a material medium
for their propagation. They travel even in vacuum with speed c.

GENERATION OF

ENERGY, MOMENTUM AND

PROPERTIES OF

ELECTROMAGNETIC WAVES ELECTROMAGNETIC WAVES PRESSURE
M o : e s B Do notreciive saatesolvradiam: Sinusoidal EM Wave Energy Density
i sk i ic Field: ic Field:
;:;T‘:::.;.::: warying electric and & Tiaveliwith spasdici vacuum: Eretl.r:( Field Electric Field: i
) i | E = E, sin (kx — wt) | g 2
« According to Maxwsll,  changing @ E and B fields are perpendicular L #) J ug 3 g E
electric fisld produces a changing to:gachiother and to.the direction Magnetic Field: Magnetic Field:
magnetic field and vice-varsa. of propagation. | = 1 BZ
» These mutually perpendicular @ All electromagnetic waves are L = sxn_(t:x_—wt) J Ug = Gt _—
fields propagate in space in the transverse. Whare, 2 Ko
form of electramagnetic waves. & Obey laws of reflection, refraction, | Eg= amplitude of electric field (Vv m~1) Total Energy Density (u):
interference, diffraction and By = amplitude of magnetic field (T) |' 1 1 B2
4 polafizatioh, = wave number = > (rad m—1) | u=up+ug = - E + 5 —
A | 2 2 po

LE EuEwetian-of & In vacuum, all EM waves travel

= angular frequency = 2nf (rad s~ 1)

&
3 Propagation £ wr
S with same speed c. Al el In EM wave, average ug = atr_age g
f = frequency (Hz) | _ 2
£ Speed in Vacuum + time (s) = UYuug = Eofirms
| 1 x = distance in direction of propagation {(m} | Intensity (1)
B C = —— 5 =
z P \ Average energy crossing unit area
2 /uueg Relation between E; and By per unit time.
=5 E, (W " =
=3.0x10ms—1 G2 3 = 1
Key Points | TN A Hy:=cHg I=(5)=cugy, = 5 cepEL
N . 1
@ E L B L direction of propagation ‘ Where, y . =————e & .5
@ Eand B are in phase Mo =4 x 107" TmA Wave Relations Alse, [ = e B
@ Elexciric smd magnetic Sekds perform ipermaskiiny of fresspace) c=Af
SHM in mutually perpendicular £, = 8.854 x 1072 Fm~! T e L | o, ey
planes ( ittivity of ) ‘ A {perfect absorber)
\ 2
| ——— k= s {perfect reflector)
5 ELECTROMAGNETIC SPECTRUM POLARIZATION OF
The EM ged according to i i i ELECTROMAGNETIC WAVES
d i | A).
or decreasing wavelength (1) | Polarization is the ph of icting the directi
Radio ™ Mohbite Microwave Sunlight Heray Garnma-ray of vibration of the electric field vector.

Phones Cwen Machine Sources m

Towars = _
T g @ -:C:'F ﬁ_ {a) P:n& Polarized Wave
AR AL e e AV AVATAVATAT

Why can electromagnetic
waves be polarized while
sound waves cannot be?

Low frequancy High freguency
Long wavelength Short wavelangth 3
i : \ Visible
Region ] (m) (Hz) Uses / Sources Light Electric field vibrating
- - H z in a single plane (say y—z plane)
Radic Waves >1 <=3 x 10% Radie, TV, eommunication Vicler 400 nm
Microwaves | 1077 -1 33 10% - 3 x 10% Radar, avens, Wi-Fi Indigo 450 nm (b) Unpolarized Wave
S o i bl | "
Infrared [m,] | 1078 - 103 3 10" = 3 x 10 Heating. remaote comtrl Blue 4TS @ MEMORY TRICK
Visible Light : 400 — 700 nm | 4.3 x 10 — 7.5 x 10 | Vision, photography Gresn 520 nem |

Yollow 570 nm are SELF-sustaining
waves of oscillating

E and B fields!

‘ Electromagnetic waves

7.5 3 10% — 3 = 10" Sterilization, fluorescent lamps
=1 PR 1 Crange 5%0nm
3% 10" — 3 %10 Medical imaging -

>3 x 10" Cancer treatment, nuclear

UW(UV] 10°% — 400 nm

Kerays | 107 —107® i
1 Red TO0
. Electric field vibrating
[res—————— in all planes perpendicular to
direction of propagation

QUICK REVISION INTERFERENCE OF EM WAVES COMMON MISTAKES

Gamma rays | < 10—t

@ EM waves are transverse. Speed in vacuum Superpasition of two coherent €3 Thinking EM waves need medium.
e . | EM waves produces interference.
& E L B L direction of propagation. Wave aquation o <] getting E L B L directi
=) Do not need a medium, Angulsr f s i o
recuency wo=2xf € Confusing f and w.
@ Speed in vacuum: ¢ = = Wawve number N 2 A “Cohacant:spurces
TR A & Same frequency € Using ¥ instead of ¢ in vacuum.
©  All EM waves travel with same speed Amplitude relation By =iy . @ Constant phase difference P G
. 1 1 & 2 ‘
invacuum. Enorgy density T u= SeEl+ g 7 @ Same state of polarization
21 Energy is shared equally between otk N R Result © Not converting units in numerical probiems.
E and B fields. ¥ Ehatp T Constructive intorfe (bright): &4 = ni
R i . o ive i rence : = m
(Z) EM waves show reflection, refraction, Ragiation prescure. [ Pim2 . (MEaorbat) _ 2
interf . diffraction, polarizati 1 pom 2 eflecton | *  Destructive interference (dark): & = (Zn<4-1) 5
B where, A = path difference
INTERFERENC M DEFRACTION —zm_ BOARD ExAM TIPS SrMaoLs N
Quantity S1 Unit
Su L Iw gy of Dnnvmmm;rn;M - & Wirite all farmulas with symbols. .E | Electric Field p—
Caie: Fapos ol Wil i waves,
e | o speed of fight, energy density. & Draw labelled diagrams first. B | Magnetic field | tesla M)
Source(s) Twwe coherent sousces Single sowce £ Learn disgrame neatly. & Use comect units (SI). < Speed of light in vacuum | ms?
Fringe Pattermn  Bright & dark fringes of  Contral masimam is £ Know the EM spectrum order. & Show all steps in derivations. A Waavelength metre (m)
oquel width fidesd brightest & widest © Practice numericals regularly. & Attempt NCERT in-text & f | Frequency | hertz (Hz)
bo.an slcla manima waaker = F p oy o radd 5=3
P T e = © Focus on NCERT end-of chapter exemplar questions. | = | =
Dopendence  Deponds on d, D, Depends on a, questions and previous 10 years® O Reise PGS B Hy | Pormeability of free space TmA
diti Requires Mo coherence required : board questions. 4 = Permittivity of free space Fm~?

— “Electromagnetic waves are nature’s universal messengers.” #— her
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MULTIPLE CHOICE QUESTIONS

1. Which of the following has the minimum wavelength?

(a) X-rays  (b) Ultraviolet rays (c) Gamma rays (d) Cosmic rays

2. Which of the following can produce a propagating electromagnetic wave?

(a) A stationary charge (b) A chargeless particle

(c) An accelerating charge (d) A charge moving at constant velocity

3 Which one of the following correctly represents the change in wave characteristics (all in
vacuum) from microwaves to X rays in electromagnetic spectrum?

Speed Wavelength Frequency
a)  Remains same Decreases Remains same
b)  Remains same Decreases Increases
c¢)  Increases Increases Decreases
d) Remains same Decreases Remains same

4 X rays are more harmful to human beings than ultraviolet radiations because X-rays:
a) Have frequency lower than that of ultraviolet radiations
b) Have wavelength smaller than that of ultraviolet radiations
¢) Move faster than ultraviolet radiations in air
d) Are mechanical waves but ultraviolet radiations are electromagnetic waves
5 Displacement current exists only when

a) electric field is changing b) magnetic field is changing
c¢) electric field is constant d) magnetic field is constant
6 The momentum (in kg m/s) of a photon of wavelength 500nm is:
a) 6.63 x 10" b) 1.326 x 10°%’ ¢) 2.652 x 1072 d)3.978 x 10

7 The phase difference between the oscillations of electric and magnetic field in an
electromagnetic wave is:
a)m b) /2 C) zero d)y3m/2

8 A plane electromagnetic wave propagating along x direction can have the following pairs of E
and B :
a) Ex, By b) Ex, Bx c) Ey, Bx d) E,, By

9 In the process of charging of a capacitor, the current produced between the

plates of the capacitor is

dog 1 deg

dog 1 d¥E
a) Ho— -
dt Ho dt

C) &o 7 d) E—OF
10 Eand B represent the electric and the magnetic fields of an electromagnetic
wave respectively. The direction of propagation of the wave is along:
a) B b) E ¢)Ex B d)B xE
Answers
1(c) Gammarays B X-rays , Micro and UV as wavelength decreases in this order
2(c) An accelerating charge

3(b) wavelength of X is smaller than UV
4(a) displacement current is &g (dd%) so it exists only if electric field is changing

5(c) During welding, a high-intensity electric arc is generated, which emits a large amount of
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ultraviolet rays
6¢c 7c 8d 9¢ 10c

ASSERTION AND REASON QUESTIONS

For each question, select the correct option:

(a)Both Assertion and Reason are true, and Reason is the correct explanation of Assertion.

(b)Both Assertion and Reason are true, but Reason is not the correct explanation of Assertion.

(c)Assertion is true, but Reason is false.

(d)Assertion is false, but Reason is true.

Q1.Assertion (A): Electromagnetic waves do not require a material medium for their propagation.
Reason (R): Electromagnetic waves consist of oscillating electric and magnetic fields, which are
self-sustaining in vacuum.

Q2.Assertion (A): In an electromagnetic wave, the electric and magnetic fields are always
perpendicular to each other.

Reason (R): The directions of electric and magnetic fields in an EM wave are independent of the
direction of wave propagation.

Q3.Assertion (A): The speed of electromagnetic waves in vacuum is equal to 1/,/x0£0
Reason (R): The values of o and & determine the properties of vacuum with respect to magnetic
and electric fields, respectively
Q4.Assertion (A): X-rays can be used to detect fractures in bones.
Reason (R): X-rays have controlled penetrating power and are absorbed differently by different
tissues.
QS.Assertion (A): Ultraviolet rays are more energetic than infrared rays.
Reason (R): The frequency of ultraviolet rays is greater than that of infrared rays.
Q6.Assertion (A): Gamma rays have the longest wavelength in the electromagnetic spectrum.
Reason (R): Gamma rays have the lowest frequency among all EM waves.
Q7.Assertion (A): Microwaves are suitable for radar systems used in aircraft navigation.
Reason (R): Microwaves can penetrate through the ionosphere and reach long distances without
significant attenuation.
Q8Assertion (A): Electromagnetic waves carry both energy and momentum.
Reason (R): The energy and momentum in EM waves are carried by the magnetic field only.
Q9.Assertion (A): Infrared radiation is used in night vision devices.
Reason (R): Infrared radiation is emitted by hot bodies and can be detected even in the absence

of visible light.
Q10.Assertion (A): The eclectric field vector in an EM wave oscillates in the direction of
propagation.
Reason (R): Electromagnetic waves are longitudinal in nature.
ANSWERS
1.(a) EM waves are self-propagating due to mutual induction of E and B fields and do not need
a medium.

2. (c) The fields are perpendicular to each other and to the direction of wave propagation they
are not independent.
3. (a) Speed of EM wave in vacuum is derived using these constants.
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4. (a) Bones absorb more X-rays than soft tissue, producing contrast.

5. (a) Energy E = h; higher frequency = higher energy.

6. (d) Gamma rays have the shortest wavelength and highest frequency.

7. (a) Microwaves are used in radar as they can travel in the atmosphere and reflect from objects.
8.(c) Energy is shared by both electric and magnetic fields, not just magnetic.

9. (a) IR is emitted due to heat and used for thermal imaging.

10. (d) EM waves are transverse, not longitudinal; E field is perpendicular to propagation.

EXERCISE QUESTIONS

Q1 Assertion: The center of sensitivity of our eyes coincides with the centre of the wavelength
distribution of the sun.
Reason: Humans have evolved with visions most sensitive to the strongest wavelengths
received from the sun.

Q2 Assertion: When Infrared waves are incident on a surface vibrate not only the electrons, but
the entire atom or molecules of a substance.
Reason: Due to vibration internal energy increases and consequently temperature decreases.

Q3 Assertion: Displacement current has the same physical effect as the conduction current.
Reason: During charging of a capacitor both conduction and displacement current are present
in different regions of space.

Q4 Assertion: the speed of electromagnetic waves is less in vacuum and it increases as move to
a medium.
Reason: The relative permittivity and permeability of a medium is less than that of vacuum.

QS5 Assertion: Ultraviolet radiations are used in LASIK eye surgery.
Reason: Ultraviolet radiations can be focused into very narrow beams of high precision
applications.
Answers
I.LA2C 3B 4D 5A

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
Q1 You are given a 2uF parallel plate capacitor. How would you establish an instantaneous
displacement current of 1mA in the space between its plates?
Q2 (i) How are infrared waves produced? Write their one important use.

(i1) The thin ozone layer on top of the stratosphere is crucial for human survival. Why?
Q3 (1) Which part of the electromagnetic spectrum is used in operating a RADAR?
(1))Why microwaves are considered suitable for radar systems used in aircraft navigation?
Q4 (1) Do electromagnetic waves carry energy and momentum?
(i1) How is the speed of EM-waves in vacuum determined by the electric and magnetic fields?
QS The amplitude of the magnetic field of a harmonic electromagnetic wave in vacuum is
Bo=510 nT. What is the amplitude of the electric field part of the wave?
Q6 An E.M. wave, Y1, has a wavelength of 1cm while another e.m. wave, Y», has a frequency
of 10" Hz. Name these two types of waves and write one useful application for each.
Q7 How are electromagnetic waves produced? Write their two characteristics.
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Q8 A laser beam of wavelength 500nm and power SnW strikes normally on a perfectly reflecting
surface of area 1 mm? of a body. It rebounds back from the surface. Find the force exerted by
the laser beam on the body.

Q9 A laser beam of frequency 3.0 x 10'* Hz produces average power of 9mW find i) the energy
of photon of the beam and ii) the number of photons emitted per second on an average by the
source.

Q10 Identify the electromagnetic wave whose wavelength range is from about

(a)102 m to about 10"¥ m (b) 10°m to about 10"'m. Write one use of each.

ANSWERS

1: by giving a varying potential difference of 500 V/s

2: The thin ozone layer in the upper atmosphere (stratosphere) is crucial because it absorbs most
of the harmful ultraviolet (UV) radiation from the Sun. Without it, UV rays would reach
Earth’s surface and cause severe health issues like skin cancer, cataracts, and damage to
ecosystems.

3. Microwaves (typically in the range of 1 mm to 30 cm wavelength or 1 GHz to 30 GHz
frequency) are used in RADAR systems.

SUITABILITY: Short Wavelengths allow for high resolution and accurate detection of small and
distant objects. Penetration Capability: They can travel long distances through the atmosphere
with minimal attenuation due to weather (like fog, rain). Efficient Reflection: Microwaves are
strongly reflected by metal surfaces (like aircraft or terrain), making them ideal for object
detection and ranging.

4 Yes, electromagnetic (EM) waves carry both energy and momentum. The energy is transported
by the oscillating electric and magnetic fields. They exert radiation pressure on surfaces,

L —3x10%m/s

Hoéo

proving they carry momentum as well. Speed of wave ¢ = (v) =

5 Ee=153 V/m
6. Y. has a wavelength of 1 cm, which lies in the microwave region.
Y: has a frequency of 10'* Hz, which falls in the ultraviolet (UV) region.

Y:: Microwave, Application: Used in microwave ovens for cooking food.

Y2: Ultraviolet (UV) wave, Application: Used for sterilizing medical instruments.

7. Electromagnetic waves are produced by an accelerated or oscillating electric charge, which
creates a time-varying electric field. This changing electric field, in turn, generates a time-
varying magnetic field, and together they propagate as an electromagnetic wave.

Characteristics:

Transverse Nature: Electric and magnetic fields oscillate perpendicular to each other and to the
direction of wave propagation.

Do Not Require a Medium: They can travel through a vacuum at the speed of light (3x10®
m/s).Or any other characteristics...

8. F=2P/c, This is because for a perfectly reflecting surface, the momentum transferred per
second (i.e., force) is double compared to absorption.

F=3.33x10"'7 N, This is the force exerted by the laser beam on the reflecting surface.

9. E=hy, h=6.626x10>%Js, So E=1.9878x10"%]

no of photons= Power/Energy per photon, n=9 x 10 W/1.9878x107"° J = 4.52 x 10'® photons
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10. (a) Wavelength range: 10'? to 10'® m, Electromagnetic Wave: Gamma rays, Used to kill
cancer cells in radiation therapy. (b) Wavelength range: 10> to 10 m
Electromagnetic Wave: Microwaves, Used in microwave ovens to heat food.

SHORT ANSWER TYPE QUESTIONS (3 MARKS)

1. State any three characteristics of electromagnetic waves. Why are electromagnetic waves
called transverse waves?
2. Draw the electromagnetic spectrum in increasing order of wavelength. Write one important
application of (i) Infrared rays (ii) Ultraviolet rays (iii)) Gamma rays.
3. The frequency of an electromagnetic wave is 8 x 10"14 Hz. Calculate its wavelength. Name
the part of the electromagnetic spectrum to which it belongs.
4. An electromagnetic wave travels in vacuum along the z-axis. The electric field oscillates
along the x-axis. Write the direction of oscillation of magnetic field and explain how the
direction of propagation is determined.
5. Why are microwaves preferred for satellite communication? Give three reasons.
6. (Competency Based) A TV remote stops working when a thick black sheet is placed between
the remote and the television. Name the electromagnetic waves used in the remote and explain
the reason behind this observation.
7. (Competency Based) During foggy conditions, visible light is not suitable for long-distance
photography, but infrared cameras work effectively. Explain why.
8. (Competency Based) Doctors advise limited exposure to ultraviolet radiation, yet UV lamps
are used in hospitals. Explain both statements with suitable reasons.
9. (Competency Based) A student observed that communication signals received from satellites
are highly directional and carry large amounts of data. Which electromagnetic waves are used?
Explain with reasons.
10. (Competency Based Numerical) The wavelength of a radio wave transmitted by a TV
station is 6 m. Calculate its frequency. Why are such waves suitable for communication over
large distances?

Answers
1. Characteristics: (i) Electromagnetic waves are transverse in nature. (ii) They can travel
through vacuum. (iii) Electric and magnetic fields oscillate perpendicular to each other and to
the direction of propagation. They are called transverse because the oscillations are
perpendicular to the direction of motion.
2. Increasing order of wavelength: Gamma rays < X-rays < Ultraviolet < Visible < Infrared <
Microwaves < Radio waves. Applications: Infrared rays — remote controls/thermal imaging;
Ultraviolet rays — sterilization; Gamma rays — cancer treatment.
3. Given frequency, v = 8 x 10"14 Hz. Using ¢ = VA, A =c/v = (3 x 10%)/(8 x 10'%) =3.75 x 10”7
m. The wave belongs to the visible/near ultraviolet region.
4. Magnetic field oscillates along the y-axis. The direction of propagation is perpendicular to
both electric and magnetic fields and is given by E x B (right-hand rule).
5. Microwaves are preferred because: (i) They can penetrate the atmosphere easily. (i) They
suffer less attenuation. (iii) Their short wavelength allows highly directional transmission and
large bandwidth.
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6. Infrared waves are used in TV remotes. The black sheet absorbs or blocks infrared radiation,
preventing the signal from reaching the television sensor.
7. Infrared waves have longer wavelength and undergo less scattering in fog compared to
visible light. Hence, infrared cameras work more effectively in foggy conditions.
8. Excessive ultraviolet exposure can damage skin and eyes and may cause cancer. However,
UV lamps are used in hospitals because ultraviolet radiation kills bacteria and microorganisms.
9. Microwaves are used for satellite communication because they are highly directional, can
penetrate the atmosphere effectively, and carry large amounts of information due to high
frequency.
10. Given wavelength, A = 6 m. Using v =c/A = (3 x 10"8)/6 =5 x 10"7 Hz. Radio waves are
suitable for long-distance communication because they can diffract around obstacles and
follow the curvature of the Earth.
Practice Questions
1. State the main differences between electromagnetic waves and mechanical waves. Give any
three points.
2. A source emits electromagnetic waves of wavelength 3 x 10”-7 m. Calculate its frequency.
Identify the region of the electromagnetic spectrum to which it belongs.
3. Explain why X-rays are used in medical diagnosis but gamma rays are generally not
preferred for routine imaging.
4. During a disaster, communication systems based on radio waves continue to operate even
when mobile networks fail. Explain why radio waves are suitable for long-distance
communication.
5. A microwave signal of frequency 12 GHz is used for satellite communication. Calculate its
wavelength. State one advantage of using microwaves for satellite communication.
Answers
1. Differences: (i) Electromagnetic waves do not require a material medium, whereas
mechanical waves do. (ii) Electromagnetic waves are produced by oscillating electric and
magnetic fields, whereas mechanical waves are produced by particle vibrations. (iii)
Electromagnetic waves can travel through vacuum, whereas mechanical waves cannot.
2. Given wavelength, A = 3 x 10"-7 m. Using v =c/A = (3 x 10"8)/(3 x 10"-7) =1 x 10"15 Hz.
The wave belongs to the ultraviolet region.
3. X-rays have suitable penetrating power for imaging bones and tissues without causing
excessive damage. Gamma rays are much more energetic and can cause severe damage to
living cells, making them unsuitable for routine diagnosis.
4. Radio waves have long wavelengths and can diffract around obstacles and follow the
curvature of the Earth. Hence they are effective for long-distance communication, especially
during emergencies.
Long Answer Questions
1. (a) State any two properties of electromagnetic waves.
(b) Arrange the following electromagnetic waves in increasing order of wavelength: Gamma
rays, Infrared rays, X-rays, Radio waves.
(c) Write one application each of X-rays and Infrared rays.
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2. (a) Why are electromagnetic waves called transverse waves?

(b) Draw the sketch showing electric field, magnetic field, and direction of propagation of an

electromagnetic wave.

(c) State the direction of magnetic field if the electric field oscillates along x-axis and the wave

propagates along z-axis.

3. (a) State the relation between wavelength, frequency, and velocity of an electromagnetic

wave.

(b) An electromagnetic wave has frequency 5 x 10714 Hz. Calculate its wavelength.

(c) Name the region of electromagnetic spectrum to which this wave belongs.

4. (a) Why are microwaves used in satellite communication? State any two reasons.

(b) Why are radio waves suitable for long-distance communication?

(c) Mention one application of microwaves other than communication.

5. (a) State any two harmful effects of ultraviolet radiation.

(b) Why are ultraviolet rays still used in hospitals?

(c) Name the electromagnetic waves used in sterilization and explain why they are suitable.
Answers

1. (a) Electromagnetic waves are transverse waves and can travel through vacuum.

(b) Increasing order of wavelength: Gamma rays < X-rays < Infrared rays < Radio waves.

(c) X-rays are used in medical diagnosis; Infrared rays are used in remote controls and thermal

imaging.

2. (a) Electromagnetic waves are called transverse because electric and magnetic fields

oscillate perpendicular to the direction of propagation.

(b) Electric field, magnetic field, and propagation direction are mutually perpendicular.

(c) If electric field is along x-axis and propagation is along z-axis, magnetic field oscillates

along y-axis.

3. (a) Relation: ¢ = vA

(b) A=c/v=3 % 10"8)/(5 x 10"14) = 6 x 10"-7 m = 600 nm.

(c) The wave belongs to the visible region.

4. (a) Microwaves are used in satellite communication because they penetrate the atmosphere

easily and are highly directional.

(b) Radio waves can diffract around obstacles and travel long distances.

(c) Microwaves are also used in radar systems and microwave ovens.

5. (a) Harmful effects of ultraviolet radiation: skin cancer and eye damage.

(b) Ultraviolet rays are used in hospitals because they kill bacteria and microorganisms.

(c) Ultraviolet waves are used for sterilization due to their germicidal action.

Practice questions
1. (a) Why are X-rays used in medical diagnosis?
(b) Why are gamma rays not preferred for routine medical imaging?
(c) State one use of gamma rays in medicine.
2. (a) Explain why infrared waves are used in TV remote controls.
(b) During foggy conditions, infrared cameras work better than visible light cameras. Explain
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why.
(c) Name one other application of infrared radiation.
3. (a) A radio station broadcasts waves of wavelength 25 m. Calculate its frequency.
(b) Name the region of electromagnetic spectrum corresponding to these waves.
(c) State one characteristic of these waves that makes them useful for communication.
4, What is displacement current? Obtain an expression for displacement current between the
plates of a charging capacitor. Show that the displacement current in the capacitor equals the
conduction current in the connecting wires.
Answers
1. (a) X-rays have suitable penetrating power and help image bones and tissues.
(b) Gamma rays are highly energetic and can damage living cells.
(c) Gamma rays are used in cancer treatment (radiotherapy).
2. (a) Infrared waves are used in remote controls because they are suitable for short-range
communication.
(b) Infrared waves undergo less scattering in fog compared to visible light.
(c) Infrared radiation is also used in thermal imaging and night vision devices.
3. (a) Frequency v=c/A=(3 x 10"8)/25 =1.2 x 107 Hz.
(b) These waves belong to the radio wave region.
(c) Radio waves are useful for communication because they can travel large distances and
diffract around obstacles.

4. Displacement current is the current equivalent arising due to the time-varying electric flux in
a region where there is no conduction current (like the gap between capacitor plates).

Case Study 1: Development of Electromagnetic Waves

James Clerk Maxwell proposed that changing electric and magnetic ficlds can generate each other and
travel through space as electromagnetic waves. Heinrich Hertz experimentally produced these waves
later, while Jagdish Chandra Bose and Guglielmo Marconi contributed significantly to wireless
communication systems.

Questions:

(i) Arrange the following EM waves in increasing order of frequency:

(a) Microwaves < Infrared < Ultraviolet < Gamma rays

(b) Gamma rays < Ultraviolet < Infrared < Microwaves

(¢) Ultraviolet < Infrared < Microwaves < Gamma rays

(d) Gamma rays < Microwaves < Infrared < Ultraviolet

(i1) Visible light is an example of:

(a) Electromagnetic waves (b) Mechanical waves

(c) Longitudinal waves (d) Magnetic waves

(iii) Calculate the frequency of an EM wave of wavelength 500 km.

(a) 600 Hz (b) 500 Hz (c) 167 Hz (d) 15 Hz

(iv) The electric and magnetic field vectors in an EM wave are inclined at:

(a) 180° (b) 120° (c) 90° (d) 45°

Answers: (i) a (i) a (iii) a (iv) c

1. Radio waves are generated by accelerating charges in antennas, microwaves by magnetrons, infrared
waves by hot bodies, and ultraviolet rays by extremely hot objects like the Sun.

(i) Solar radiation mainly consists of:
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(a) Transverse electromagnetic waves (b) Longitudinal electromagnetic waves
(c) Both transverse and longitudinal waves (d) None of these

(i1) The greenhouse effect is mainly caused by:

(a) Infrared rays  (b) Ultraviolet rays  (c) X-rays (d) Radio waves

(iii) The ozone layer is important because:

(a) It absorbs harmful ultraviolet radiation (b) It reduces greenhouse effect

(c) It reflects radio waves (d) None of these

(iv) Earth’s atmosphere is richest in:

(a) Ultraviolet rays  (b) Infrared radiation  (c) X-rays (d) Microwaves
Answers: (i) a (ii)a (iii)a (iv) b

Production of Electromagnetic Waves

According to Maxwell’s theory, accelerating charges produce electromagnetic waves. Oscillating
electric and magnetic fields continuously regenerate each other and propagate through space.
Questions:

(i) Electromagnetic waves are produced by:

(a) Accelerating charges (b) Stationary charges

(¢) Uniformly moving charges (d) None of these

(i1) Light can travel through vacuum because of its:

(a) Transverse nature (b) Electromagnetic nature

(c¢) Longitudinal nature (d) Both (a) and (c)

(ii1) Find the wavelength of an EM wave of frequency 8.2 x 10° Hz.

(a) 36.6 m (b) 18.8 m (c)42.8 m (d) 58 m

(iv) Infrared radiations have:

(a) Shorter wavelength than UV rays  (b) Longer wavelength than UV rays

(c) Same wavelength as UV rays (d) No comparison possible

Answers: (i)a (ii)) b (iii)a (iv) b

Applications of Electromagnetic Waves

Different electromagnetic waves are used in technology and healthcare. X-rays are used in airport

security systems, while microwaves efficiently heat food containing water molecules.

Questions:
(i) Which radiation is used in airport luggage scanning?
(a) Gamma rays (b) X-rays (c) Microwaves (d) Infrared rays

(i) Gamma rays of wavelength 1 x 1072 m have frequency:
(a) 3 x 10* Hz (b) 2 x 102 Hz (c) 2.5 % 10° Hz (d) 3.3 x 102 Hz

(iii) Why do microwaves heat water-containing food efficiently?
(a) Microwaves are heat waves (b) Infrared rays produce heating
(c) Water molecules absorb microwave energy efficiently (d) Frequency has no effect

(iv) Which EM wave has the longest wavelength?

(a) X-rays (b) Gamma rays (c) Microwaves (d) Radio waves
Answers: (i) b (ii) a (iii)) c (iv)d
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CLASS X1l PHYSICS - FORMULA SHEET

ELECTROMAGNETIC WAVES . B

CBSE 2026-27 (LATEST SYLLABUS)

1. MAXWELL'S EQUATIONS 1 2. BASIC RELATIONS FOR 3. NATURE OF EM WAVES
IN FREE SPACE ELECTROMAGNETIC WAVES |

+ Electromagnetic waves are transverse.

(i) Gauss's Law (Electric) « Speed of EM wave in vacuum (c): « E L B L direction of propagation (k)
SF E . dg = Qiﬂﬂ [ e 1 — 3.00%x10° ms—" * Electric and magnetic fields are in phase.
= .
g VHoEo + Amplitudes are related by:
(ii) Gauss’s Law (Magnetic) + Speed in a medium (v): E
E e Eo _ i
§B-d520 BT T O WS 7 e e Eq =¢B,
vee Ve n i s
(iii) Faraday's Law of P * Average energy density:
where, = af Refract d
Electromagnetic Induction LN S s 1 1
- - ddy * Wave equation: u= —gEl + — B} (= £E2 ‘
E-dil = ——— | =oa = 2 1 2_119 J
dt c=w or wv=v |
= + Average Poynting vector (intensity):
(iv) Ampere—Maxwell Law * Wavelength: A = &
-
— — dd,. el = E§ = 2 2
§ B-dl = polena + Bofo— - + Frequency: v=2 S = EOBO T &ocEy (W/m?)
dt A 0 J
— - + Time period: T= % ¥
where, @ = f E -dSs
* Wave number: k = 27,
A Direction of
3 dd, propagation (k) |
| ‘ Displacement Current: Ip = g, d: + Angular frequency: w = 2wV = 2?” |
s\ - )
4. ENERGY, MOMENTUM & PRESSURE 5. PLANE ELECTROMAGNETIC WAVE 6. ELECTROMAGNETIC SPECTRUM |
(EQNS) L
« Energy density (u): u= quo - A wave travelling in +z direction: Radiation [ Frequency (Hz) . Wavelength (m)
Y Rl .(I) Radic waves 10* to 10° >10""
* Energy flux / Intensity E t) = E, si t —kz)i
= = (=, £) offn(e =) Microwaves 10° to 10%2 107! to 1073
I=cu=gycE; = By (W/m?) B = i kz)j
080 Ho (z,t) = B sin(wt — kz) j Infrared 10" to 4 x 10" 1073 to 7 x 1077
- Momentum density (g): where, k = 2_”_ @ = 2mv, Ey = cBy pVisicle P00 S G ) e T
- I u (kg m~2 s~1) A Ultraviclet 7.5 x 10" to 10'® 4x1077 to 1078
S =2 Electric field wave equation: I
£ = e ol X-rays 10 to 10%° 107 to 1071
+ Radiati P rfectl ! 2 2E
:s;:b;‘on prer;suﬂ‘a (g omgpsofeltt _3 = = HgEy Ol Gamma rays 10" to 10%¢ = 10~1
a ing surrace: L L | azz a:? 1 1
< Magnetic fi f'eld wave equation: 4 Orier S i Freq?ency ) e
* Radiation pressure on a perfectly | Radio | Microwave|| Infrared || Visible uv X-ray
reflecting surface: 21 6 B = MoEo a?B I e . - - | e 1
P = - 62 at? Order of Increasing Energy (E = hv) —>
L s LA S A
7. QUANTUM NATURE (PHOTON) 8. RELATIONS IN A MEDIUM 9. IMPORTANT CONSTANTS
= — . F. y & -1
* Energy of photon: | E = hv = E + Speed in medium: v=2< Speacintiiohtin sectum/g} YR 15 s
1 A 1z = Permittivity of free space (g,) = 8.854x 1072 Fm™! |
3 | MBmisRtomIEh phidton: [ e i 4 E | + Wavelength in medium: Am = TD } » Permeability of free space (u,) = 4w x10"7 Hm™!
A c | + Frequency remains same: [ + Impedance of free space (Z;) = 3770
. ' . . = —34
* Planck's constant: [ h=6.626x10"%Js ||+ Waveimpedance of medium: L 2 HRaclcfisarg R R |
| S « Elementary charge (e) = 1.602x10""% C
i = —19 - leV = 1.602 x 107'7 J |
| 1eV = 1.602 %1019 e, 7, = B _ he=3770
L= &,
m_ 11. DIMENSIONS (For Quick Check) 12. HANDY DERIVED RESULTS
+ EM waves do not require a material medium to propagate. [gu] [F m—l] — {M— 11.= 3T4A2] Sl 1
+  They carry energy and momentum. il s 2 2 Ho€g
+ They are transverse and can be polarized. [J—‘u] " [H o ] b [MLT A ] - E, =cB,
v In vacuum, all EM waves travel with the same speed (c). [ED] = [Bu-] = [MLT—‘A_ 1'] E, B,
v E and B are always perpendicular to each other [I] — [Wm_Z] = [MLT_S] S LS Ho =
and to direction of propagation. I
v Electric field component is responsible for all . [u] =[Jm ‘3] = [ML—‘ T—Q} . = = (momentum density)
optical phenomena N ¥ o T a1
+  Produced by accelerating charges. :@: [R] =1[Js] =[ML*T""] * Puy, = i Pref = TR

EM WAVES - KEY IDEA

A time-varying electric field produces a magnetic field, and a time-varying magnetic field produces an electric field.
This self-sustaining process creates electromagnetic waves that travel through space.
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CHAPTER 09

g REFLECTION OF LIGHT =
I
Mirror Formula Focal Length Linear Magnification
di Al e - R _h__ v
T f=3 LU T}
REFRACTION OF LIGHT ~N
Snell's Law Refractive Index i | ;
Sini:' - ‘ n=£ ‘;:ﬁ.rns«ef’#E H\
Sin r 21 = | B v medium r:
Apparent Depth Real Deoth Critical Angle
Apparent Depth = === ‘ in C = TIR Condition: i >C |

SPHERICAL SURFACES & LENSES

Refraction at Spherical

Lens Maker's Formula
Surface

N2 _ (nz - ny) Ak (ﬁ_1)(l_l) U |
v T =R f n, Ri Rz = .
Thin Lens Formula Magnification
AL 2l K =7
f v u u
PRISMS
Angle of Deviation - Der‘ineticin 1;:?[ Prism Formula
) mall-Angle Prism sin((A + D,.)/2)
O0=i+e-A — v = a
5=(n-1)A sin(A/2)

LENS COMBINATIONS & POWER

¢ - J Power Combination Power | Equivalent Focal Length
R — s 1 1 1
¥ = — = + + . — O — —_—
—_— P f (inmeters) | Pgq =P+ P, ES f. + , +
OPTICAL INSTRUMENTS
Simple Microscope Compound Astronomical
Microscope Telescope
M=1+— (near point) L\/D
VoV M= (f )(f ) M= f (Normal Adjustment)
(i M = (lnfmty) 2 5

LengthL =f, + f.

ZIET MYSURU-SSM PHY SICS-X11-2026-27 H




MULTIPLE CHOICE QUESTIONS
1. A beam of light is incident at 60° to a plane surface. The reflected and refracted rays are
perpendicular to each other. What is the refractive index of the surface?
(a) 1V3 (b) V3 (c) 1/3 (d) 3
2. A concave mirror of focal length f produces a real and virtual image of an object of
magnification m (m> 1) when placed at two different positions. The distance between the
positions of the object is :

@) (m ~ Df (b) (1 —m)f © o () zero
3. Two convex lenses are of focal length 20cm and 30cm are kept parallel to each other such
that a parallel beam of incident light emerges out of the system parallel to the principal axis. The
separation between the lenses must be
(a) 10cm (b) 20cm (c) 30cm (d) 50cm

4 A concave lens of focal length 20cm is cut into two equal parts perpendicular to the principal
axis the power of each part will be

(a) -2.5D (b) -5D (c) -10D (d) -20D
5 Which of the following is not true about refraction of light through a glass slab

(a) The angle of incidence and emergence are equal

(b) Some part of incident light is reflected

(c) Light slows down inside the glass slab

(d) The lateral deviation is independent of angle of incidence.
6 The least value of refractive index ‘n’ for material of prism so that the light grazes along BC
will be A

(@ 13  ®243  ©)V3ER2) (d)V3
7 The refractive index of the material of a prism is V2 and its refracting

angle is 30°. One of the refracting surfaces of the prism is made a mirror.
A beam of monochromatic light entering the prism from the other face retraces its path, after
reflection from mirror surface. The angle of incidence on prism is:
(a) 0° (b) 30° (c) 45° (d) 60°
8 An astronomical refractive telescope has an objective of focal length 20 m and an eyepiece
of focal length 2 cm. Then in normal adjustment:
(a) the angular magnification is 1000
(b) the length of the telescope tube is 20.02 m
(c) the image formed is of inverted nature. (d) all of these
9 A particle moves towards a concave mirror of focal length 30 cm along its axis and with a
constant speed of 4 cm/ sec. What is the speed of its image when the particle is at 90 cm
from the mirror?
(a) 16 cm/ sec. (b) 1 cm/sec. (c) 8 cm/sec. (d) 4 cm/sec.
10 Two identical thin convex lens each of power P are in contact. A third lens is kept in contact
with them so that the power of whole system is P only. The third lens must be a
(a) Convex lens of power P/3  (b) Concave lens of power P/2
(c) Convex lens of power P/2 (d) Concave lens of power P
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11 A square of side 1cm is viewed through a convex lens of focal length ‘f” such that their
distance is half the focal length. The area of the square in the image will be
(@)4cm?  (b)225cm?  (c) 1.44cm? (d) lecm?

12 A lens made of material of Refractive index ‘n’ changes its nature in a medium of refractive
index ‘n;’ but disappears in a medium of refractive index ‘n>’. The ratio ni: nz is ‘x’. Choose
the correct option

(a) x>1 (b)x =1 (c) 0<x<l1 (d) x<0
13 A beam of light moves into a glass slab of refractive index
1.5 as shown in figure. If OA= 3cm, AB=4cm, BC=CD = Icm,
DE = 12cm and FG is negligible, the time spent by light ray in

the glass slab will be
(a) 0.65ns (b)0.78ns (¢)0.97ns (d) 1.06ns
14 If an object is kept at the focus of a concave lens of focal length 50cm the image will be

(a) Virtual at infinity (b) real at infinity
(b) Virtual at 25cm (d) real at 25cm
15  When light suffers total internal reflection its phase changes by
(a) Zero (b)90°  (c) 180°  (d) x and x varies with wavelength
16  If we dip a prism in water the minimum angle of deviation due to it will
(a) Decrease (b) not change (c)increase (d) depend on i (angle of incidence)

17  You are given four sources of light each one providing a light of a single colour — red,
blue, green and yellow. Suppose the angle of refraction for a beam of yellow light
corresponding to a particular angle of incidence at the interface of two media is 90°. Which
of the following statements is correct if the source of yellow light is replaced with that of
other lights without changing the angle of incidence?

(a) The beam of red light would undergo total internal reflection.
(b) The beam of red light would bend towards normal while it gets refracted through the second
medium.
(c) The beam of blue light would undergo total internal reflection.
(d) The beam of green light would bend away from the normal as it gets refracted through the
second medium i . i
18 The optical density of turpentine is higher than that of water \ \
while its mass density is lower. Fig shows a layer of Air
turpentine floating over water in a container. For which one of =~ Twpentine \\ \ \
the four rays incident on turpentine in Fig the path shown is Water } \ I
correct?
(a)1 (b) 2 ()3 (d) 4
19 IfIis the image of a point object O formed by spherical mirror, then which of the following
statement is incorrect:
a) If O and I are on same side of the principal axis, then they have to be on opposite sides of
the mirror.
b) If O and I are on opposite sides of the principal axis, then they have to be on same side of
the mirror.
c¢) If O and I are on opposite side of the principal axis, then they can be on opposite side of
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the mirror as well at same side of the mirror.
d) If O is on principal axis then I may not lie on principal axis.

20 A prism having an apex angle of 4° and refractive index of 1.50 is located
in front of a vertical plane mirror as shown. A horizontal ray of light is
incident on the prism. The total angle through which the ray is deviated is
a) 4°clockwise b) 178° clockwise
c) 2°clockwise d)8° clockwise

21 A plano concave lens of focal length 10 cm is placed on a paper on which a
coin is drawn. How far above its actual position does the coin appear to be?
a) 10cm b) 15 cm ¢) 50 cm d) none of these

Answers
1.(b), 2.(c), 3.(d), 4.(a), 5.(d), 6.(b), 7.(c), 8. (d), 9. (b), 10.(d), 11. (a), 12. (a), 13.
(c), 14.(c), 15.(d), 16.(a), 17.(c), 18.(b), 19(d), 20(b), 21.(d)
EXERCISE QUESTIONS

10 A source of red color is placed in front of a convex lens its diminished real image of almost

same size is formed now red color source is replaced by blue color source choose the correct

option:
a) Its real image is not formed. b) Slightly enlarged real images is formed
¢ ) Highly diminished real image is formed. d) Nothing can be said.

11 A concave mirror of focal length 'fi' is placed at a distance of 'd' from a convex lens of focal
Length 'f2'. A beam of light coming from infinity and falling on this convex lens-concave
mirror combination returns to infinity. The distance 'd' must equal :

a) fi+ b) fi c) d)aorb

12 A convex mirror forms virtual image of a point object at d distance from Its pole. It is cut
horizontally into two equal parts and one part is removed. New position of image is found
a)same at d b) slightly away from d ¢)Slightly closer d) No images is formed to pole

13 A lens is made of flint glass (refractive index = 1.5). When the lens is immersed in a liquid
of refractive index 1-25, the focal length

a) Increases by a factor of 1-5
b) Decreases to a factor of 2-5 d)Decreases to a factor of

14 A bulb is located on a wall. Its image is to be obtained on a parallel wall with the help of
convex lens. If the distance between parallel walls is 'd' then required focal length of lens
placed in between the walls is

c) Increases by afactor of 1-2

a) Only d/4 b) Only d/2
c) More than d/4 but less than d/2 d)Less than or equal to d/4
Answers : 11 ¢) 12 ¢) 13 d) 14 a) 15d)

ASSERTION-REASON TYPE QUESTIONS

For these Questions two statements are given one labelled Assertion (A) and other labelled

Reason (R). Select the correct answer to these questions from the options as given below

A. If both Assertion and Reason are true and Reason is correct explanation of Assertion.

B. If both Assertion and Reason are true but Reason is not the correct explanation of
Assertion.

C. If Assertion is true but Reason is false.

D. If both Assertion and Reason are false.

1. Assertion: The images formed by total internal reflections are much brighter than those
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formed by mirrors or lenses.
Reason: There is no loss of intensity in total internal reflection.

2 Assertion: When light enters inside perfectly spherical water droplet it should not show total
internal reflection inside the water droplet.
Reason: When light enters non perpendicular to spherical water droplet it is internally
reflected.

3 Assertion: Law of reflection is applicable for all type of mirrors.
Reason: Rays which are parallel to principal axis are known as paraxial rays

4. Assertion: If objective and eye lenses of a microscope are interchanged then it can work as
telescope.

Reason: The objective of telescope has small focal length.

5. Assertion: When water is filled inside a transparent drinking glass it may act like a lens.
Reason: Whenever the surface on which light is incident and the surface from which light is
emerging out are parallel, we get dispersion of light.

6 Assertion: The formation of rainbow involves total internal reflection.
Reason: light source shall be in front of the observer to see s rainbow

7 Assertion: A prism bends incident light towards its apex angle
Reason: angle of minimum deviation due to prism is more for greater angle of incidence

8 Assertion: A glass slab does not show any dispersion
Reason: The speed of light in a depends on wavelength of light

9 Assertion: Refraction at a spherical surface can lead to an image that can be real or virtual.
Reason : A real image is formed when rays actually meet at a point physically.

10 Assertion: An object must be placed just outside the focus of objective ina compound
microscope.

Reason: The objective shall form a real image that would be the object for eyepiece

Answers
1.a 2.d 3.b 4.d 5.¢c 6.c 7.d 8.b 9.b 10. a
EXERCISE QUESTION

1. Assertion: A concave mirror has f =40 cm in air. It has f = 10 cm in water.
Reason: Focal length of a mirror is dependent of medium.

2. Assertion: A double convex lens (n= 1.5) has focal length 10 cmn. When the lens is immersed
in  water (n = 4/3) its focal length becomes 40 cm.

Reason: Because the focal length of lens in liquid 1-m (i - i)
f m \R1 R;

1. Assertion: Power of a lens depends on nature of material of lens, medium in which it is placed
and magnitude radii of curvature of its surface.

Reason: Image formed by a convex mirror is always smaller in size.

4. Assertion: A ray of light travelling in air is incident on a glass slab. The ray gets partly
reflected and partly refracted. The phase difference between the reflected and the refracted
waves is non zero
Reason: Images formed by plane mirrors can not be photographed.

5. Assertion: The frequencies of incident, reflected and refracted beam of monochromatic light
incident from one medium to another are same
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Reason: The incident, reflected and refracted rays are coplanar.
ANSWERS
1. D 2. A 3.B 4.C 5.B
SHORT ANSWER TYPE QUESTIONS
1When we move away froma tower is height appear to decrease. Give reason?
2. Does the apparent depth of a tank of water change if viewed obliquely at different angles? If
so, does the apparent depth increase or decrease?
3. Draw the ray for refraction of light through an air bubble inside water. Show that it is a
divergent system.
4. Focal length is 50% of radius of curvature. Is it true about a lens?
5. For a thin glass prism the angle of minimum deviation is 20% of the prism angle. Find the
refractive index for the material of the prism.
6.When the object is at distances u1& u> the images formed by the same lens are real and virtual
respectively and of the same size. Calculate focal length of the lens?
7. what is the principle for endoscopic examination of patients in hospital?
8. Will the focal length of a lens for red light be more, same or less than that for blue light?
Justify?
9. The focal length of an equiconvex lens is equal to the radius of curvature of either face. What
is the value of refractive index of the material of the lens?
10. Write advantages of reflecting type telescope over refracting type telescope.
Answers
1. This occurs because the visual angle subtended by the tower at the eye decreases as distance
increases, making it appear smaller.
2. Yes; it decreases as the viewing angle becomes more oblique due to greater refraction at the
water-air interface.
3. An air bubble acts as a diverging lens because light travels from a denser medium (water) to
a rarer medium (air), bending away from the normal upon entry and exit.
4. No; the relation f= R/2 applies only to spherical mirrors. For lenses, focal length depends on
the refractive index and surface radii via the Lens Maker's Formula.
5. The refractive index is n = 1.20, calculated using the thin prism formula é = (n - 1) A with 6 =
0.20A.
6. The focal length is f=-(u1 + uz) / 2, derived by equating the magnifications for real and virtual
images of the same size.
7. The operating principle is Total Internal Reflection (TIR), utilizing optical fibers to transit
light through curved paths inside the body.
8. Focal length for red light is more because it has a longer wavelength and lower refractive
index than blue light, and f is inversely proportional to (n - 1).
9. The refractive index is n = 1.5, determined by the Lens Maker's Formula for an equiconvex
lens where f=R.
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10. Key advantages include the absence of chromatic aberration, easier structural support for
large mirrors, correction of spherical aberration with parabolic shapes, and lower manufacturing
costs.

Practice questions
Q1 How come sunglasses are claimed as powerless though they are made of curved spherical
surfaces of transparent nature (finite refractive index)?
Q2if2n =1.4,3n = 1.5and 3n = 1.6 find refractive index of 4™ medium w.r.t. 1 medium.
Out of these four media in which the light will travel fastest?
( Note : here ;—>—
2n means refractive index of 2nd medium w.r.t. 1st medium)
Q3 Two light beams A and B are incident on a triangular prism as
shown. Based on the ray diagram shown explain which of the two
(A or B) has a greater wavelength.
4. Show that for a material with refractive index p > V2, light incident at any angle shall be guided
along a length perpendicular to the incident face.
5. A ray of light is incident on a parallel slab of thickness ¢ and refractive index n. If the angle of
incidence 0 is small, Express the displacement in the incident and emergent ray?

3
rd

Answers
Ans 1 . Sunglasses are considered 'powerless' because both the front and back surfaces of the
lens have the same radius of curvature (R = Rz). According to the Lens Maker's Formula: P =
(n - 1) (1/R1 - 1/R2).Since the surfaces are parallel and curved in the same direction, R; = Ro.
This makes the term (1/R1 - 1/Rz2) equal to zero, resulting in a net optical power (P) of zero.
Ans2: Given:inz = 1.4, on3 = 1.5, 4n3 = 1.6 , To find the refractive index of the 4th medium w.r.t.
the 1st medium We know that 1ns = 1n2 X 2n3 x 3ng Sincesns=1/4n3=1/1.6
ma=14x1.5x(1/1.6)=2.1/1.6=1.3125.Light travels fastest in the medium with the lowest
absolute refractive index. So medium 4
Ans3: In the ray diagram, Beam A undergoes refraction at the hypotenuse, while Beam B
undergoes Total Internal Reflection (TIR).TIR occurs when the angle of incidence is greater than
the critical angle (6¢). Since both beams have the same angle of incidence, Beam B must have a
smaller critical angle than Beam A.Since sin 6. = 1/n, a smaller critical angle implies a higher
refractive index (n). Thus, ng > na.According to Cauchy's formula, refractive index is inversely
proportional to wavelength (n « 1/A?).Since ng > na, then Aa > Ap. Therefore, Beam A has the
greater wavelength.
Ans 4:Consider a ray incident at the maximum possible angle (90°) on the end face of a rod.
By Snell's Law at entrance: 1 - sin(90°) = p - sin(r) => sin(r) = 1/p
For the light to be guided (undergo TIR at the side wall), the angle of incidence at the wall (90°
- r) must be > Critical angle (6¢).sin(90° - r) > sin(6:) => cos(r) > 1/u  => Squaring both
sides: cos®(r) > 1/p? ,s0 1 - sin®(r) > 1/p>  => pu>12
Ans 5:The lateral displacement (d) of a ray passing through a slab is given by: d =t - sin(6 - r) /
cos(r). For small angles, sin(0 - r) =~ 0 - r and cos(r) = 1.
d = t(0 - r). From Snell's law for small angles: 6 =n - r =>r = 6/n. Substituting r: d = t(0 - 6/n)
=t-0(1-1/n)
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Short answer Type 11
Q1 Draw the u-v graph (cgs units) for a convex lens. if on this graph there is point having
coordinates(50,50). What’s the significance of this information? How can we locate that point
on a given u-v graph? A
Q2 Three slabs of height in the ratio 1:2:3 (lowest being 2cm) and
Refractive indices in the ratio 6:5:4 (highest being 1.8) are placed 5
One over the other respectively. Find the apparent shift in the
Position of a spot on a paper kept below the slab at the bottom. (See ¢
figure, CD= 2cm) D
Q3 Light From infinity falls on a globe of radius 40cm having refractive index 1.5. Find the point
at which light will be focused.
Q 4 A convex lens of focal length Scm is used as a simple microscope. Find the minimum and
maximum magnifying power that can be obtained from it. Discuss the case when the object is
kept 3.5cm away from the lens.
Q5 A convergent light beam is focused at point P from left. A concave lens is placed at a fixed
point ‘Q’ between light beam and ‘P’. If a convex lens is kept in the path of emergent beam the
distance between the final image and convex lens doesn’t change irrespective of position of
convex lens. Draw the ray diagram to explain the situation. What will be the focal length of
concave lens?
Q6 How come sunglasses are claimed as powerless though they are made of curved spherical
surfaces of transparent nature (finite refractive index)?
Q7if3n =1.4,3n = 1.5and 3n = 1.6 find refractive index of 4™ medium w.r.t. 1** medium.
Out of these four media in which the light will travel fastest? ( Note : here
2n means refractive index of 2nd medium w.r.t. 1st medium)
Q8 A convex lens of focal length f is placed x metre apart

from a plane mirror. As shown in figure an object is placed M
at x distance from the lens away from the mirror get a 'N\\V

relation between x and f for following conditions

n=1.8

a) if final image is formed at x. (at the position of
object itself)

b) if no images formed.

c) if virtual images are formed.

Q9. A convex lens and a concave lens have power in ratio 3:2 when placed in contact effective
focal length of combination is found 30 cm. We get real image of an object which is placed
at 15 cm in front of convex lens. This image is shifted by 20 cm when same concave lens is
introduced between convex lens and image. Calculate the position of the lens introduced.
Hence draw necessary ray diagram.

Q10.You have a concave mirror placed horizontally on a Floor. An all pin when placed at dimeter
above it, its real image coincide with itself’. This mirror is filled with a liquid of refractive
index n; new image is found at D, if this liquid is replaced by another liquid of refractive
index n2 new image is found at D3, If n; >n; give a relation between D; and D3 with proper
justification using a diagram.
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Answers

Ansl. The u-v graph for a convex lens is a rectangular hyperbola in the second and fourth
quadrants (if using Cartesian sign convention). In cgs units, the point (50, 50) signifies that when
the object distance u = -50 cm, the image distance v = 50 cm.

Significance: At this point, |[u| = |v| = 2f. Thus, 2f = 50 cm, which gives the focal length f = 25
cm. The image is real, inverted, and of the same size as the object.

Locating the point: Draw a line v = u (or a line at 45° to the axes passing through the origin).
The intersection of this line with the hyperbola gives the point where u = v = 2f.

Ans2.Height ratio 1:2:3. Lowest (h1) =2 cm, so h =4 cm and h3 = 6 cm.

Refractive index ratio 6:5:4. Highest (n1) = 1.8, so n2 = (5/6)*1.8 = 1.5 and n3 = (4/6)*1.8 =
1.2.Total Apparent Shift (As) =Z h; .(1 - 1/nj). As=2(1 - 1/1.8) +4(1 - 1/1.5) + 6(1 - 1/1.2)

As =2(0.8/1.8) +4(0.5/1.5) + 6(0.2/1.2) = 2(4/9) + 4(1/3) + 6(1/6). As=8/9 +4/3+1=(8 + 12
+9)/9=29/9 = 3.22 cm.

Ans3.First refraction: ni=1, no=1.5, u=c0, R=40cm. Using (n2/v) - (ni/u) = (n2-n;)/R

(1.5/v1) - 0 = (1.5-1)/40 => 1.5/vi = 0.5/40 => vi = 120 cm from the first surface.Second
refraction: uy = vi - Diameter = 120 - 80 =40 cm (inside globe, directed towards second surface).
ni=1.5, =1, R=-40cm.(1/v2) - (1.5/40) = (1-1.5)/(-40) => 1/v2=0.5/40 + 1.5/40 =2/40 = 1/20.v
=20 cm from the second surface (60 cm from the center).

Ans 4 Minimum Magnifying Power (at infinity): M_min = D/f =25/5 = 5.

Maximum Magnifying Power (at D): M_max =1+ D/f=1+25/5=6.

Caseu=3.5cm: m=D/u=253.5=7.13

This is more tham maximum m but not useful as in this case v<D = 25c¢m so blurred image will
be formed

Ans 5 If the position of the final image after a convex lens

doesn't change regardless of the lens's position, the
emergent beam from the concave lens must be parallel (at
infinity). This happens if the convergent beam (meeting at ST
P) is incident on the concave lens such that point P acts as
its virtual focus (F).Thus, Focal length of concave lens =
Distance QP.

Ans 6 Sunglasses have curved surfaces where the radii of curvature of the front and back surfaces
are equal (R1 = R»).

Using Lens Maker's Formula: P = (n - 1)(1/Ry - 1/R3). Since Ri = Ry, P = 0. Thus, they are
powerless.

Ans 7 Ind=n 43 *n 32 *n 21.Givenn 12=14,n 23=15,n43=1.6.n 21=1/n_12=
1/1.4;n 32=1n_23=1/1.5.n 41 =1.6 * (1/1.5) * (1/1.4)=1.6 / 2.1 = 0.76.

Velocity v = c¢/n. Light travels fastest in the medium with the lowest absolute refractive index.
Based on the ratios, medium 4 is the rarest w.r.t others, so light travels fastest in medium 4.
Ans 8 a) Image at x: The rays must retraces their path. This occurs if light falls normally on the
mirror. The image from the lens must be at infinity, so x = f.

b) No image: If the virtual image by the lens coincides with the plane mirror's surface or if light
never converges. Practically, if the object is at f, rays are parallel and no real image forms.

c¢) Virtual image: If the object is placed within the focal length, i.e., x <f.

Ans 9 Power ratio 3:2, focal length ratio 2:3. Let fl = 2k, 2 =-3k. 1/F = 1/f1 + 1/f2 =>1/30 =
1/2k - 1/3k = 1/6k => 6k =30 =>k = 5. f convex =10 cm, f concave =-15 cm.

Object at 15 cm from convex lens: 1/v - 1/(-15) = 1/10 => 1/v = 1/10 - 1/15 = 1/30 => v = 30
cm. When concave lens is introduced, image shifts by 20 cm (moves to 30 + 20 = 50 cm).

ZIET MYSURU-SSM PHY SICS-X11-2026-27




For concave lens: Object is the virtual image at 30cm. Let lens be at distance 'd' from convex
lens. u_concave = 30 - d. v_concave = 50 - d. 1/(50-d) - 1/(30-d) = 1/(-15). Solving for d gives
the position.

Ans 10 For a mirror filled with liquid, the effective focal length decreases. Since nl > n2, the
liquid with n1 is denser. D2 and D3 are related to the apparent depth and the radius of curvature.
D2 < D3 because the denser liquid (nl) causes a greater shift/refraction, bringing the coincidence
point closer.

Practice Problems

1.In case of a concave mirror magnification is found to be - 0.5 for a certain position of object,
when object is displaced by 5 cm from its position, magnification becomes 0.25.What will be
the focal length of the mirror? Draw ray diagram to support your answer.

2.You have two mirrors one is concave other is convex focal of each mirror is 30 cm are placed
D m apart such that their principal axis are common to each other. An object is placed between
them at a point P which is 45 cm from concave mirror. It is found that final images formed
on object itself Draw probable ray diagram and calculate value of D?

3.When we use an astronomical telescope, we say there must be a certain minimum and maximum
length of the Telescopic tube, which means distance between objective lens and eye lens
should not have a value beyond a minimum value and a maximum value. Justify? Draw
appropriate diagram where necessary.

4.(a)A right angle isosceles prism bands a ray of light by 90° when the ray incidents normal to
its one smaller face. What may be the maximum or maximum possible values of refractive
index of the medium of the prism?

(b) If this prism is taken to analyze bending of different colors it is observed that when yellow
colour incidents perpendicular to its one small phase emergent ray shows angle of deviation
45° Draw a diagram showing refraction of green, red, blue and yellow colors.

----5.A convex lens has focal length f'in air. How its focal length would change in following cases:

a) surrounding medium is made slightly optical denser than it
b) surrounding medium is made slightly optical denser than air
¢) surrounding medium is made slightly optical rarer than air

6. A convex lens with focal length f is cut into two equal parts i

horizontally as shown in figure. These two parts are shifted us ,/] dwage
away along principal axis up to a separation of d m. An object ’;__ T —F ®
and its image formed by this combination has separation of | ; —v |
W
1

4m. If magnification produced by one part is - 3.0. Calculate
F & d, draw probable Ray diagram.

7.There is a concave mirror of radius of curvature 30 cm. A U-shaped wire of dimensions 15 cm,
15 cm and 15 cm is placed vertically in front of it along its axis such that its minimum distance
from the pole of the mirror is 45 cm. Find total length of the image formed? Draw ray diagram
to support your answer.

8.There is a plano convex lens whose radius of curvature is 2.5 cm and maximum thickness is 9
cm and object are placed at certain distance from the convex surface then its images formed
at plane surface. If refractive index of the medium is 1.5, calculate magnification produced?
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Q9 A student performs the experiment to find refractive index of material of a an equilateral
glass prism. The readings obtained by him are given below. Now he claims that the minimum
deviation shown by the prism is 37°. Support (or criticize) his claim by suitable mathematical
calculations.

Angle of | 35° 40° 45° 50° 550 60°
incidence
Angle of | 41° 390 37.5° 370 380 390
deviation

Find the refractive index of the material of the prism based on his readings.
Q10 A bar AB of length 10cm is placed along the
principal axis 20cm away from a transparent
hemispherical glass sphere of radius 30cm (see
figure) Find the length of image of the bar so A B
formed.

Answers
Ans 1 Formula: m =f/(f-u), Final Answer: f=5/6 cm (or 0.83 cm)
Ans 2 Formula: 1/v+ 1/u=1/f and D =v - R;Final Answer: D =30 cm
Ans 3 Formula: Lmax = fo + fe; Lmin=fo + (fe * D)/ (fe + D)
Final Answer: Length ranges from fo + (fe*D)/(fe+D) to fo + fe
Ans 4 Formula: n =1/ sin(c); deviation = (n-1)A
Final Answer: nmin = 1.414; Blue deviates most, Red deviates least
Ans 5 Formula: 1/f=(n_lens /n_medium - 1)(1/R; - 1/R2)
Final Answer: f increases as n_medium increases (if n_medium <n_lens)
Ans 6 Formula: 1/v - 1/u = 1/f; m = v/u Final Answer: f=0.75m
Ans 7 Formula: 1/v+ 1/u=1/f; m = -v/u Final Answer: Total length =15 cm
Ans 8 Formula: n2/v - nl/u = (n2-n1)/R; m = (n1*v)/(n2*u).Magnification = -0.2
Ans 9 Formula: n = sin((A + Dm)/2) / sin(A/2). n = 1.50 (Claim for Dm = 37° is supported)
Ans 10 Formula: n2/v - nl/u = (n2-n1)/R Final Answer: Length of image =45 cm

LONG ANSWER TYPE QUESTIONS

1. a)Draw a labeled ray diagram of a simple microscope in normal adjustment.

b) A thin pencil of length (f/4) is placed coinciding with the principal axis of a mirror of focal
length f. The image of the pencil is real and enlarged, just touches the pencil. Calculate the
magnification produced by the mirror.

2. a)A convex lens is placed in contact with a plane mirror. A point object at a distance of 20 cm
on the axis of this combination has its image coinciding with itself. What is the focal length
of the lens?

b) Calculate the angle of minimum deviation of an equilateral prism. The refractive index of the
prism is v/3.Calculate the angle of incidence for this case of minimum deviation also.

3. a) Draw a schematic arrangement of a reflecting telescope (Cassegrain) showing how rays
coming from a distant object are received at the eyepiece.
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b) A ray of light is incident on a refracting face AB of a prism ABC at an angle of 45° The ray
emerges from face AC and the angle of deviation is 15°.The angle of prism is 30°.Show that
the emergent ray is normal to the face AC from which it emerges out. Find the refractive index
of the material of the prism.

4. a) For the same value of angle of incidence, the angles of refraction in three media A, B and
C are 15°, 25° and 35° respectively. In which medium would the velocity of light be
minimum?

b) A rectangular glass slab ABCD (n; = 1.5) is surrounded by a
transparent liquid (n, = 1.25)as shown in the figure. A ray of

light is incident on face AB at an angle i such that it is refracted
out grazing the face AD. Find the value of angle 1. z

5. a)An optical instrument uses eye-lens of power 20 D and the D

objective lens of power 50 D. Name the optical instrument and
calculate its magnifying power if it forms the final image at infinity.
b)Three lenses L1 Lo, L3 each of focal length 30 cm are placed co-axially as shown in the figure.
An object is held at 60 cm from the optic centre of Lens L. The final real image is formed at
the focus of Lj. Calculate the separation between (i) N L b
(L1 and Ls) and (ii) (L2 and L3). A /) /A
6 Derive Lens maker’s formula. Use it to show that a lens

disappears in a medium of refractive index same as its \/ |/ |
own material v

7 Draw a ray diagram to show refraction through a prism. Give prism formula. How it is
modified for a thin prism? Draw graph to show variation of i with §

8 Draw a ray diagram to show refraction at a convex spherical surface forming a virtual image.
Write the refraction formula relating u, v and R if the light is going from (i) denser to rarer
(i1) rarer to denser

9 A thin convex lens is made of material of refractive index ‘n’. on the left side of lens medium
has refractive index ni and to its right refractive index is n3. If ni<n<n3; Draw a ray diagram
to show image formation by it if object forms a real image. Hence establish relation among
object distance(u), image distance (v) and radius of curvature (R)

10 For a glass prism, write the prism formula. In an astronomical telescope objective lens of
focal length 150 cm and an eyepiece of focal length 6 cm are used.

(a) Calculate the magnifying power of the telescope in "normal adjustment."

(b) What is the length of the telescopic tube in this case?

A telescope has an objective lens of focal length 150 cm and an eyepiece of focal length 5 cm.

1. What is the magnifying power of the telescope?
2. If'this telescope is used to view the moon, what is the diameter of the image of the moon
formed by the objective lens?
(Given: The diameter of the moon is 3.6 X 10°m and radius of lunar orbit is 4 X 10°m).
Answers
1. a) refer to the gist b) position of the other end u = _T7f’ m=-L = —4/3

-u

f
2. a) light rays from the object must fall on plane mirror normally. For this f = u = 20 cm
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b) use prism formula to find § = 60° and theni+e=A+ 5 (i = 60°)
3. a) refer to the gistb)i + e = A + § =>e = 0°=>r, = 0°

speed of light in vacuum

4.a)Use snell’s law and the relation, n = (Ans: Medium A)

speed of light in th medium

. . L. 1 5 . . V11 . V11
b) Use the relation sin sin i, = —=_,sinsinr =—— Use Snell’s law to find i = -
12

. . . . . D
5. a) Compound microscope, calculate f,.For image is at infinity, m = T
0

b) Use lens law to find the image distance at first place, v; = 60 cm, then the light rays
must be parallel between L, and L;.Use this concept to find the answer. (i) > 90 cm (ii) any
value6 6 Formula: 1/f = (n2/nl - 1)(1/R1 - 1/R2)
Condition: When nl =n2, (n2/nl - 1) =0, so 1/f= 0 and f = infinity.
Final Result: The lens disappears as it behaves like a plane sheet of glass.
7 Prism Formula: n = sin[(A + Dm)/2] / sin(A/2)
Thin Prism: delta=(n - 1)A
Graph: The i-delta curve shows deviation decreasing to a minimum (Dm) and then increasing.
8 (i) Denser to Rarer: nl/v - n2/u = (nl - n2)/R
(i1) Rarer to Denser: n2/v - nl/u=(n2 - nl)/R
9 Formula: n/vl - nl/u= (n-nl)/R1
Second Surface: n3/v - n/vl = (n3 - n)/R2
General Relation: n3/v - nl/u=(n - nl)/R1 + (n3 - n)/R2
10 1. Case 1 (fo=150, fe=6): m = fo/fe = 150/6 = 25; L =fo + fe = 156 cm
2. Case 2 (fo=150, fe=5): m = fo/fe = 150/5 = 30
3. Moon Image: Angular size o = (3.6 x 1076) / (4 x 10"8) = 0.009 rad 1
Answer: Diameter of image = a * fo =0.009 * 150 =1.35 cm

LONG ANSWER TYPE QUESTIONS-PRACTICE QUESTIONS

1. An object is placed at a distance of 40 cm on the principal axis of a concave mirror of radius
of curvature 30 cm. By how much distances do the images may move if the object is shifted
through 15 cm?

2. If you sit in a parked car, you glance in the rear-view mirror R= 2m and notice a jogger
approaching. If the jogger is running at a speed of 5 ms™, how fast is the image of jogger
moving when the jogger is 39 m away.

3. Four double convex lenses with following specification are available.

Lens | Focal length | Aperture Lens Focal length | Aperture
A 100 cm 10 cm C 10 cm 2cm
B 100cm 5cm D Scm 2cm

Which of the given four lenses should be selected as objective and eyepiece to construct an
astronomical telescope and why? What will be the magnifying power and length of the tube
of this telescope?

4. Draw ray diagram to show the working of a compound microscope. Deduce an expression for
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magnifying power when the final image is formed at the near point. A compound microscope
with an objective of 1.0cm focal length and an eye-piece of 2.0cm focal length has a tube of
length of 20cm. Calculate the magnifying power of the microscope, if the final image is
formed at the near point of the eye.

5. Draw a ray diagram to show the working of an astronomical telescope. Deduce an expression
for magnifying power when the final image is formed at the near point. The magnifying power
of an astronomical telescope in the normal adjustment is 20. If the length of the telescope is
105cm in this adjustment, find the focal lengths of the two lenses

ANSWERS

1.13.5cm 2. ﬁ m/s 3. Eye lens-D, Objective lens- A, 20, 105 cm

4. m=270 5.5cm,100 cm
CASE STUDY/PASSAGE-BASED QUESTIONS
1. A prism is a portion of a transparent medium bounded by two plane faces inclined to each
other at a suitable angle. A ray of light suffers two refractions on passing through a prism and
hence deviates through a certain angle from its original path. The angle of deviation of a prism
is, d=(u- 1A,
Through which a ray deviates on passing through a thin prism of small refracting angle A. If p

.. (A+8m
is refractive index of the material of the prism, then prism formula is,u = Slz:::igla)
2

(1) For which color, angle of deviation is maximum?

a) Red b) Yellow c)Violet d)Blue
(1i1)) When white light moves in gravity free region

a) all colors have same speed b) different colors have different speeds

¢) violet has more speed than red d) red has more speed than violet.
(ii1) The deviation through a prism is maximum when angle of incidence is

a) 45° b)70° ¢)90° d)60°

(iv) What is the deviation produced by a prism of angle 6°? (Refractive index of the material of
the prism is 1.644).
a) 3.864° b)4.595° €)7.259° d)1.252°

(v) A ray of light falling at an angle of 50° is refracted through a prism and suffers minimum
deviation. If the angle of prism is 60°, then the angle of minimum deviation is

a) 45° b)75° c)50° d)40°

2. An optical fibre is a thin tube of transparent material that allows light to pass through,

without being refracted into the air or another external medium. It

make use of total internal reflection. These fibres are fabricated in

such a way that light reflected at one side of the inner surface strikes

the other at an angle larger than critical angle. Even, if fibre is bent, ightray /L i

A

light can easily travel along the length.

(1) Which of the following is based on the phenomenon of total internal reflection of light?
a)Sparkling of diamond b) Optical fibre communication
c)instrument used by doctors for endoscopy d)All of these

(i1) A ray of light will undergo rotal internal reflection inside the optical fibre, if it
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a) goes from rarer medium to denser medium
b) is incident at an angle less than the critical angle
c) strikes the interface normally
d) is incident at an angle greater than the critical angle
(ii1) If in core, angle of incidence is equal to critical angle, then angle of refraction will be
a) 0° b)45° ¢)90° d)180°

(iv) In an optical fibre correct relation for refractive indices of core ( n1) and cladding (ny ) is
a)n; =n b)ni >n cni <np d)n, =2
(v) If the value of critical angle is 30° for total internal reflection from given optical fibre, then
speed of light in that fibre is
a) 103ms! b)1.5x108ms’! c)6x 103 m s d)45x108ms!
3. The lens maker's formula relates the focal length of a lens to the refractive index of the lens
material and the radii of curvature of its two surfaces. This formula is called so because it is
used by manufacturers to design lenses of required focal length from a glass of given refractive
index. If the object is placed at infinity, the image will be formed at focus for both double
convex lens and double concave lens

Therefore, lens maker's formula is % = (Uy — Uq) [Ri - Ri]
1

(1) The radius of curvature of each face of biconcave lens with refractive index 1.5 is 30 cm. The
focal length of the lens in air is
a) 12cm b)10cm ¢)20 cm d)30 cm
(i1) The radii of curvature of the faces of a double convex lens are 10 cm and 15 cm. If focal
length is 12 cm, then refractive index of glass is

a) 1.5 b)1.78 c)2.0 d)2.52
(ii1) An under-water swimmer cannot see very clearly even in absolutely clear water because of
a) absorption of light in water b)scattering of light in water
¢) reduction of speed of light in water d)change in the focal length of eye-lens

(iv) A thin lens of glass (n = 1.5) of focal length 10 cm is immersed in water (u = 1.33).
The new focal length is
a) 20cm b)40cm c)48cm d)12cm

(v) An object is immersed in a fluid. In order that the object becomes invisible, it should
a) behave as a perfect reflector
b) absorb all light falling on it
c) have refractive index one
d) have refractive index exactly matching with that of the surrounding fluid.

4. A convex or converging lens is thicker at the center than at the edges. It converges a parallel
beam of light on refraction through it. It has a real focus. A convex lens is of three types :
(1) Double convex lens (ii) Plano-convex lens
(ii1) Concavo-convex lens. The concave lens is thinner at the center than at the edges. It
diverges a parallel beam of light on refraction through it. It has a virtual focus.
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(1): A point object O is placed at a distance of 0.3 m from a convex f=20em

lens (focal length 0.2 m) cut into two halves each of which is /\ l
displaced by 0.05 m as shown in the figure. e 3705 em
What will be the location of the image? T -----------------
a) 30 cm right of lens b)60 cm right of lens e \/

¢) 70 cm left of lens d)40 cm left of lens

(i1)Two thin lenses are in contact and the focal length of the combination is 80 cm. If the focal
length of one lens is 20 cm, the focal length of the other would be.
a) —26.7 cm b)60 cm ¢)- 80 cm d)20 cm
(ii1)A spherical air bubble is embedded in a piece of glass. For a ray of light passing through
the bubble, it behaves like a
a) converging lens b)diverging lens c) plano-converging lens d)plano-diverging lens
(iv) Lens used in magnifying glass is
a) Concave lens b) Convex lens
¢) Both (a) and (b) d) Neither concave lens nor convex lens
(v)The magnification of an image by a convex lens is positive only when the object is placed
a) atits focus F  b)between F and 2F c¢) at 2F  d)between F and optical center
Answers

1. 1. ¢c)Deviation « 11. a)a gravity-free region is essentially a vacuum for the

wavelength
purpose of light propagation
iii. ¢)The deviation is maximum when the ray either just enters the prism (grazing incidence)
or just exits the prism (grazing emergence).iv.a) use formula 6 = (u- 1) A
v) d)use formulai+e=6+A4
2.i.d) ii.d) iii. ¢) iv. ¢) For TIR, light must travel from a denser medium to

: . . 1
ararer medium  v. b) Using formula sin sin i, = — and then use Snell'sformula
21

3. 1. d) use lens formula to calculate focal length
ii. a) use lens formula to calculate refractive index
iii. d) The difference in refractive index between the water and the cornea is very small. This
significantly reduces the refractive power of the cornea, making it difficult for the eye to
converge light rays sufficiently to form a clear image on the retina.
iv. b) use lens maker’s formula to calculate new focal length v. d)

4.1. b)use lens formula to calculate image distance ii. a)us the formula% = % + %
1 2

iii. b) A spherical air bubble within glass acts as a diverging lens because the light rays moving
from glass to air bend away from the normal, and then when moving from air to glass, they
bend towards the normal again, resulting in an overall divergence of the light rays.

iv. b) convex lens produce a magnified, virtual, and erect image of an object

v. d) Ray diagrams may be drawn to locate the position of object

CASE STUDY/PASSAGE-BASED PRACTICE QUESTIONS

1  On abright sunny day a student burns a paper by using a convex lens (refractive index

1.5) by keeping it 40cm m away from the lens. Now he dips the lens in a glass filled with a

liquid. He repeates the act by bringing it closer to the paper time and again but could not
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succeed. His teacher was observing him and suggested that he must move away from the
paper rather than coming closer to it. He follows his teacher and performs the activity. for a
particular distance ‘d’ he could burn the paper again.

(1)The focal length of the lens in air is

(@) 20cm  (b) 40cm  (c) 60cm (d) 80cm

(i1) if the value of ‘d’ is 2m the refractive index of the liquid is nearly

(a)136 (b)1.45 (c)1.5 (d)1.68

(ii1) The behaviour of the lens in the liquid is like a

(a) prism (b) concave lens  (c) glass slab  (d) convex lens

(iv) If he uses a lens of bigger aperture but same material and same radii of curvature the
value of ‘d’ for which he could burn the paper will be

(a d>2m (b)d<2m (c) d=2m (d) depending on size of aperture

2 A compound microscope is an optical instrument used for observing highly resolved and

magnified images of tiny objects which are placed very close to it. Magnifying power of a
compound microscope is defined as the ratio of the angle subtended at the eye by the final
image to the angle subtended at the eye by the object, when both the final image and the
objects are situated at the least distance of distinct vision from the eye. It can be given that:
m=me X Mo, where meis the magnification produced by the eye lens and m,is the
magnification produced by the objective lens. Consider a compound microscope that consists
of an objective lens of focal length 2.0 cm and an eyepiece of focal length 6.25 cm separated
by a distance of 15 cm.

(1) The object distance for eye-piece, so that final image is formed at the least distance of

distinct vision, will be

(a) 3.45cm (b) 5 cm (©)1.29 cm (d)2.59 cm

(i1) How far from the objective should an object be placed in order to obtain the condition
described in part (i)?
(a)4.5cm (b)2.5 cm (c)1.5cm (d)3.0 cm

(ii1) What is the magnifying power of the microscope in case of least distinct vision?

(a) 20 (b)30 (c)40 (d)50

(iv) The intermediate image formed by the objective of a compound microscope is

(a) real, inverted and magnified(b) real, erect and magnified
(c) virtual, erect and magnified(d) virtual, inverted and magnified
OR

The magnifying power of a compound microscope increases with

(a) the focal length of objective lens is increased and that of eye lens is decreased.
(b) the focal length of eye lens is increased and that of objective lens is decreased.
(c) focal length of both objects and eye-piece are increased.
(d) focal length of both objects and eye-piece are decreased.

3. As we know, when light ray travels from one medium to another changes its direction of path

due to the change in optical density of the medium. When light ray travels from optically
denser medium to the optically rarer medium then some of the light get reflected back in the
same medium and remaining light get refracted in the second medium and such a phenomenon
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of light is called as internal reflector light. We know that when a ray of light travels from
denser medium to rarer medium then it get bent away from the normal. If we increase the
angle of incidence slowly then angle of refraction also get increased and at one stage, the
angle of refraction is 90° for some angle of incidence. And further if we increase the angle of
incidence then there will be no refraction of light, and the ray will be totally internally
reflected. Such phenomenon of reflection of light is called as total internal reflection of light.
And the angle of incidence in denser medium for which the angle of refraction in rarer
medium is 90°, that angle of incidence is called as critical angle. So we define total internal
reflection as if the angle of incidence exceeds the critical angle, then the total light get
internally reflected. Mirage is the best real-life example of total internal reflection of light.
The high brilliance of diamonds is only due to the total internal reflection of light through
them which is get total internally reflected many times and causes brilliance of diamonds.
Prisms are also made by using total internal reflection of light. We all know that, optics is the
vast branch of physics which has vast application in our daily life such as optical fibre. Optical
fibre are used for long distance transmission of audio and video signal also. And they are
mainly constructed on the basis of total internal reflection of light to reduce the decrease in
amplitude of the sending signal.

1) For critical angle the value of corresponding angle of refractionis
a) 180° b) less than 90° c) greater than 90° d) 90°

i1) As the refractive index of the medium increases the corresponding value of critical angle for
that medium
a) decreases b) increases
) remains same d) independent of refractive index of the medium

ii1) In case of total internal reflection, for angle of incidence greater than critical angle the
refraction of light is not possible because
a) Snell’s law of refraction get satisfied b) Snell’s law of refraction cannot be satisfied
c) laws of refraction cannot be satisfied  d) can’t say

iv) What is mean by optically denser and optically rarer medium?

OR
How would total internal reflection of light be possible in case of optical fibres?
Answers
1 )b i) a i) d v)c
2 )b ii) b iii) b iv)a OR d
3 1)d)90° i1) a) decreases 1i1) b) Snell’s law of refraction cannot be satisfied
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CHAPTER- 10

~ WAVE OPTICS _

BSE CLASS XII PHYSICS

WAVEFRONT & INTERFERENCE & COHERENT SOURCES &
HUYGENS PRINCIPLE YOUNG'S DOUBLE SLIT EXPERIMENT

o SINGLE SLIT DIFFRACTION

SUSTAINED INTERFERENCE

Wavefront: The locus of points in a medium When two coherent light waves superpose, Conditions for Two Sources to be Coherent When monachromatic light passes through
which are in the same phase of vibration a stable interference pattern is produced. r a single narrow slit, the light spreads out
is called a wavefront. 3 n @ Same fraquency (monachromatic) and a diffraction pattern is obtained on
Young's Double Slit Experiment (YDSE) . rieg
Types of Wavefronts i (&) Constant phase difference screen.
+ Plane Wavefront p (/) Same state of polarization Theory
Direction of @ Same amplitude (or nearly same) Minima (dark bands) occur when path
| T pmpagmon x difference from the edgss of the slit is
Coherent Sources an integral multiple of wavelength.
» Spherical Wavefront | Sources which satisfy the above conditions - 4o .y
o are called coherent sources. Condition for Minima
Direction of
propagation Sustained Interference asin@ = nA
5 .
: l When two coherent sources of same (n=*1,42 -3
« Cylindrical Wavefront —— D —— frequency superpose, the resultant . d
e = 3 = interference pattern is stable and where, a = width of slit
— = prupugoalion Fringe Width (B) constant in time. This is called
(Distance between sustained interference. Angular Width of Central Maximum
e two consecutive
Huygens Principle Bright or dark fringes) = ~ | 22X b
Every point on a wavefront acts as a source e v x — Coherent vs Incoherent Sources - eanvgnlar = —— (radians)
v spherical which Position of n*" Bright Fringe a
spread out in the medium with the same Coherent Sources
speed as the wave. (n=0, +1, +32,..)) s, @ W Linear Width of Central Maximum
N g—
Refraction Using Huygens Principle Path Difference 2AD
= i « For Bright fringes (Maxima): Az = nA Y A VAVAV B=—
E ! : =0, %1, £2,..) 5
i \é Medium 1 (v (n ' F Z ol A & Same frequency (where D = distance of screen)
L = For Dark fringes (Minima): Az = (2n+1) 2 = Constant phase difference
L=z (n=0, %1, £2,...) . Result_ant p'atte'rn is stable Diffraction Pattern
- Intensity of Resultant Fringe (sustained interference) Intensity
H " bz = m = & W T - o]
r |\‘!r =L +IL+ %‘V’ 11_12 (e 'ﬁJ Incoherent Sources
Relation between i and r Maximum Intensity (Bright Fringe) e
[ sini _ v _ Low = /T + VE) )
sinr v, F il Minimum Intensity (Dark Fringe) 5; @ U o

w _ Refractive index of medium 2 L.o2A A o A 23 5
H21 = poafractive index of medium 1 Fringe Pattern # Same or different frequency - [ n -
* Random phase difference Side Central Side
| | T (| e o, wowesk  Maximom o ek

m Dark  Bright  Dark Bright Dark (no sustained interference) to/detect (Bright ) to detect
| PYC T 8 + G
| Define wavefront. Draw different types of Central Maximum —

wavefronts. Derive Snell's law using Huygens | pyq T (n=0) PYQ T

principle. | { 1 | Focus the conditions for two sources to be

Derive the expression for fringe width in 2 - =
cohere Wh ed interferenc
| YDSE. What are the conditions for maxima -l ol o’

Derive the expression for angular width
of the central maximum in single slit

I Coherent sources are: 3 ClesTon
“Same Frequency.
Constant Phase,
r ¥ Same Polarization.”
QUICK REVISION PYQ TIPS COMMON MISTAKES
@ Wavefront: Locus of same phase points. * Final relation (Huygens/Snell) : S0 _ ¥ @ Derivations are impertant: | '€ Confusing interfarence with diffraction.
x

() Huygens Principle: Each point on the « Fringe width : g — 22 * Snell's law using Huygens principle € Using 8 — % in single slit diffraction,

wavefront acts as a source of secondary e ¥ Al nAD = Fringe width in YDSE o

wavelets. * Pesition ofing=beigitc fbge ) xa i + Condition for minima in © Forgetting (2n+1) 5 - condition for
(@) YDSE: Interference of twe coherent * Path difference (bright) : Ax = nA ) Leam diagrams neatly. dark fringes.

sources gives alternate bright and dark « Path difference (dark): Ax = (Zn+1) % & Write " for 5 ini ) Mot distinguishing coherent and

fringes. incoherent sources.

AD e intensity: 1 = I, + I3 + 24/T, Iz cos claacty-
&) Fringe width: # = == 3 : E (VT + VER L the € Wrong units in formula application.
Max intensity : . 1 2 B "

@ Brght: Az =n)  Dark Az = (2,,+1};‘_‘ Ao ST W B interference and diffraction. © Not drawing proper labelled diagrams.
@ Coherent sounces = Sustained interference. « Diffraction minima : @ sin® — nA @ Numericals are mostly formula based.
@ Diffraction: Bonding/spreading of light + Angular width: & — 2A _ REMEMBER THIS

around edges; pattern of madma & minima. g 2M Foc NCERT o b  Bright fringes are wider in YD'SE as we move

Linear width: & — us on end-of-chapter
@ 5 questions and previous 10 years i ey fr?m the canter only in case of unequal
e |~ Wavelength in medium :  Amodium = - ) | board questions. y intensities of sources.
M A

INTERFERENCE vs DIFFRACTION 7= BOARD EXAM TIPS SYMBOLS & UNITS

) DIFFRACTION (Single Slit) & Loarn definitions word-forword. Symbol Meaning | Slunmit
o :nup«p:::’:;fswwu from two o ;l:::r:lﬂ of waves around edges @ Know all formulas with symbaols. A | Wavelength | metre {m)
e : - Frascilce disfent 1 d Soparation between
Two coherent sources Sources Single slit {one sourca) g v d":“::::: :g"lar" | slits Serton L
: . - raw neat, la agrams. - .
Bright ane dark fringes of Central maximum is Bright and | i ; D E"’"’"“’ o menialits metre (m)
nearly equasl intensity Pattern D e & e s @ Write logical steps in derivations. | screen |
d o —yw
1 ! | @ Use correct units. £ Faosition of n™ fringe | metre (m)
v Ml fringes have same width Cantral maximum is widest B Fringe width metre (m)
(8- (8= 22 Fringe Width (8 - 2AD @ Attempt NCERT in-text, examples - - |
d a and exercise thoroughly. a _ Width of slit | metre {m}
o Maxima: A Minima: {2n +1)% Conditions Minima: A (where @ sind = nd) @ Revise PYQs before the exam. | e Angle | radian {rad)
] v Speed of light in medium mat
o Depends on d, I, A | Depends on @, D, A Concept Clear + Diagrams Naat = Refractive index Dimensionless
l Bl Almost uniform in all fringes Enorgy Distribution|  Mast energy in central maximum | Formulas Perfect # score Hight ) L )
| = ; el
WAVELENGTH IN MEDIUM \ KEY TAKEAWAY B —— LE G E D ) -
Where, - F? Wawe optics mxplains the behaviour of light

Amediom = — + (R wevmisngth bn pecuamifai) a5 a wave — through wavefrants, interferance Marima Minima ] } Wontoe  —3 Distionot 41|
a # = Reofractive index of medium | and diffraction — using superposition principle. Y {Bright) Cark} ¥ Propagation  Angle |
T AL 8 b
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MULTIPLE CHOICE QUESTIONS(1-20)

1. In Young’s double slit experiment, the two slits act as coherent sources of equal amplitude
‘a’ and of wavelength A. In other experiment with the same set up, the two slits are sources of
equal amplitude ‘a’ and wavelength A , but are incoherent. The ratio of intensity of light at the
mid point of the screen in the first case to that in the second case is

(a) 2:1 (b) 1:2 (c)3:4 (d)4:3

2. The maximum number of possible interference maxima for slit separation equal to
twice the wavelength in Young’s double slit experimentis

(a) infinite (b) five (c) three (d) zero

3. Young’s double slit experiment is first performed in air and then in a medium other than
air. Itis found that 8th bright fringe in the medium lies where 5th dark fringe lies in air. The
refractive index of the medium is nearly.

(a) 1.25 (b) 1.59 (c) 1.69 (d)1.78

4. In a Young’s double-slit experiment, the source is white light. One of the holes is
covered by a red filter and another by a blue fil ter. In this case,

(a) there shall be a interference patterns of red and blue

(b) there shall be an interference pattern for red distinct from that for blue
(c) there shall be no interference fringes

(d) there shall be an interference pattern for red mixing with one for blue
5. Huygen’s concept of secondary waves

(a) is used to explain absorption of light by a medium

(b) is a geometrical method to find the position of a new wavefront

(c) is used to determine the velocity of light

(d) is used to explain rectilinear propagation of light

6. Diffraction pattern is observed using green light. When green light is replaced by red
light

(a) no change is observed

(b) bands become narrower and crowded

(c) bands become broader and well separated
(d) bands disappear

7. Awavefront is defined as a surface where all points have:
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(a) Different frequencies (b) The same phase

(c) Different amplitude (d) Zero displacement

8. Two independent sodium lamps do not produce an interference pattern because:
(a) They have different intensities. (b) Their phase difference changes randomly
(c) They are too far apart (d) Sodium emits white light

9. A single slit of width 0.1 mm is illuminated by light of wavelength 600 nm. The screen is
2 m away. The width of the central maximum is:

(@) 12 mm (b) 24 mm (c)6mm (d) 3mm

10. Light of wavelength 6328 Aisincidentona single slit of width 0.2 mm. The angular
width of the central maximum on a screen kept at a distance 9 m from the slitis

(a)1.5 X10°rad  (b)3.142X 107 rad (c)6.328X10%rad  (d) 14.3X 10 rad

11. The resultant amplitude of a vibrating particle by the superposition of the two waves
yr=asin( wt+n/3) andy;=asinwtis :-
(a)a (b)vV2a (c) 2a (d)V3a

12. Which of following is a true statement, if in Young's experiment, separation between
the slits is gradually increased :

(a) fringe width increases and fringes disappear (b)fringe width decreases and fringes
disappear

(c) fringes become blurred. (d) fringe width remains constant and fringes are more bright

13. In an interference of yellow light derived from two slit apertures, if at some point on the
screen, yellow light has a path difference of 3A/ 2, then the fringe at that point will be :

(a)yellow in colour (b) white in colour (c)dark (d)bright

14. Two beams of light having intensities | and 4l interfere to produce a fringe pattern on a
screen. The phase difference between the beam is /2 at point A and 2m at point B. Then
find out the difference between the resultant intensities at A and B.

(a)2l (b)5! ()] (d) 4l

15. In an interference pattern of two waves fringe width is B . If the frequency of source is
doubled then fringe width will become :

(a) (1/2) B (b)B (c)2B (d) (3/2) B

16. In Young’s double-slit experiment, distance between slits in kept 1mm and a screen is
kept 1m apart from slits. If wavelength of light used is 500nm, then fringe spacingis
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(a) 0.5mm (b) 0.5cm (c) 0.25mm (d) 0.25cm

17. A light source of 5000A wave length produces a single slit diffraction. The first minima
in diffraction pattern is seen, at a distance of 5mm from central maxima. The distance
between screen and slitis 2 metre. The width of slitin mm will be :

(a) 0.1 (b) 0.4 (c) 0.2 (d) 2

18. Find the half angular width of the central bright maximum in the Fraunhofer diffraction
pattern of a slit of width 12 x 10° cm when the slit is illuminated by monochromatic light
of wavelength 6000 A.

(a) 40° (b) 45° (c)30° (d)60°

19. What happens if one of the slits, say S; in Young’s double, slit experiment-is covered
with a glass plate which absorbs half the intensity of light from it?

(a) The bright fringes become less-bright and the dark fringes have a finite light intensity
(b) The bright fringes become brighter and the dark fringes become darker

(c) The fringe width decreases

(d) No fringes will be observed

20.In a double slit experiment instead of taking slits of equal widths, one slitis made
twice as wide as the other. Then, in the interference pattern

(a) the intensities of both the maxima and the minima increase

(b) the intensities of the maxima increases and minima has zero intensity
(c) the intensity of the maxima decreases and that of the minima increases
(d) the intensity of the maxima decreases and the minima has zero intensity.

ANSWERS (1-20)

1. If 1o 1s intension of light from each slit then =4 1o, Iin=2lo, I¢/Iin=2 a

2. | Maximum possible maxima sin 6 = 1= n = 2. No. of maxima N = (2n + b
D=2x2+1)=5

3. | Xs dark= X3 bright. Equating we get p =1.78 d

4. In this case there shall be no interference fringes. c

5. is a geometrical method to find the position of a new wavefront b

6. This occurs because red light has a longer wavelength than green light, c
and diffraction fringe width is directly proportional to the wavelength.

7. | A wavefront is a locus of all particles vibrating in the same phase. It is a b

surface of constant phase.
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8. Independent sources undergo abrupt phase changes every ~107'° s b
(temporal incoherence). The pattern averages out, producing uniform
illumination.

9. Linear width =2AD/a =2 x 600x107° x 2/ (0.1x107*) = 2.4x1072 m = 24 b

mm.

10. |206= 20/a=6.328 X 10% rad c

11 | use the formula A2 = A% + A% + 24,A,cos ¢ d

12 | Use formula, p=AD/d, As the fringes become narrower, they become b
harder to distinguish, and eventually, they will disappear

13 | path difference,31/2 as (1 + %)X—condition for dark fringe ¢

14 | Use the formula I = I, + I, + 2,/I,1,cos ¢ d

15 __ D a
use the formula g = =

16 | yse the formula g = %D a

17 | use the formula y = %D ¢

18 | condition for the first minimumis a sin g = A c

19 | The bright fringes become less-bright and the dark fringes have a finite a
light intensity

20 | because the increased light through the wider slit prevents perfect a

cancellation at the minima while adding total energy to the maxima.

EXERCISE QUESTIONS

. Two coherent light beams of intensity | and 4l are superposed. The maximum and
minimum possible intensities in the resulting beam are:
(a) 51 and 3l (b) 5land | (c)9land 3l (d)9land |

In an interference experiment, third bright fringe is obtained at a point on the screen
with a light of 700 nm. What should be the wavelength of the light in order to obtain 5th
bright fringe at the same point?
(a) 500 nm (b) 630 Nnm (c) 750 nm (d) 420 nm
. In Young's double slit experiment, the two slits act as coherent sources of equal
amplitude A and wavelength A. In another experiment with the same set up the two slits
are sources of equal amplitude A and wavelength A but are incoherent. The ratio of the
intensity of light at the mid-point of the screen in the first case to that in the second case is
(@) :1 (b)2: 1 (c)1:1 (d)1:2
. In Young's double slit experiment maximum intensity of each source is | . At angular
position O the intensity becomes 4l where Sin 0 is:

(a) Md (b) M2d (c) M3d (d) M4d
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5. Which of following is a true statement, if in Young's experiment, separation between the
slits and screen is gradually decreased :

(a)fringe width increases and fringes disappear. (b)fringe width decreases and fringes
disappear. (c)fringes become blurred (d)fringe width remains constant and fringes are
more bright

ANSWERS- 1.d 2.d 3.b 4. a 5.b

ASSERTION-REASON QUESTION

For these Questions two statements are given one labelled Assertion (A) and other
labelled Reason (R). Select the correct answer to these questions from the options as
given below

(a) If both Assertion and Reason are true and Reason is correct explanation of Assertion.

(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.

(c) If Assertion is true but Reason is false.

(d) If both Assertion and Reason are false.

1. Assertion (A): The fringe width in Young’s experiment decreases when the experiment

is performed in a medium with refractive index greater than 1.

Reason (R): The effective wavelength of light in a medium becomes A/, where p is the

refractive index.

2. Assertion (A): Two equal wavelengths meet at point when coming from opposite

direction may give brightest spot at the point of meeting.

Reason(R) : Two waves moving in opposite directions meet in opposite phase.

3.Assertion (A): The two slits in YDSE are illuminated by two different sodium lamps
emitting light of same wavelength. No interference pattern will be observed.

Reason (R): Two independent light sources (except LASER) cannot be coherent.

4. Assertion (A): In calculating the disturbance produced by a pair of superimposed
incoherent wave trains, you can add their intensities.

Reason (R): | =1+ 1,+2(l4]2)">cos©. The average value of cos © = 0, for incoherent waves.

5. Assertion (A): Thin films such as soap bubble or thin layer of oil spread on water show
beautiful colors when illuminated by white light.

Reason (R): Itis due tointerference of Sun’s light reflected from upper and lower surfaces

of the film.

6. Assertion (A): In YDSE central fringe may not be a bright fringe.

Reason (R): If path difference at central fringe is zero then it will be a bright fringe.

7. Assertion (A): Fringe width in single slit experiment depends upon refractive index of the
medium.

Reason (R): Refractive index changes optical path of ray of light forming fringe pattern also

changes.
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8. Assertion (A): Diffraction of light is more pronounced through a narrower slit.
Reason (R): The amount of diffraction is inversely proportional to the slit width relative to
the wavelength.

9. Assertion (A): We cannot get diffraction pattern from a wide slit illuminated by
monochromatic light.

Reason (R): In diffraction pattern, all the bright bands are not of the same intensity.

10. Assertion (A): In Young’s experiment, the fringe width for dark fringes is different from
that for white fringes.

Reason (R): In Young’s double slit experiment the fringes are performed with a source of
white light then only black and bright fringes are observed.

ANSWERS
1.a. 2.c. 3.a. 4.a 5.a 6.b 7.a 8.a 9.b 10.d

EXERCISE QUESTIONS

1. Assertion (A): In Young’s double slit experiment if intensity of each source is I, than
minimum and maximum intensities will be zero and 4l,respectively.

Reason (R): In Young’s double slit experiment energy conservation is not followed.

2. Assertion (A): Two monochromatic sources of light originated from same source with
intensities | and 4l are placed in front of two slits in interference pattern in front of both
the slits intensity of fringes shall be different.

Reason (R): Central band of interference pattern shall be the brightest.

3. Assertion (A): The angular fringe width in YDSE is independent of the distance D of the
screen.

Reason (R): Angular fringe width 8 = /D = A/d; it depends only on A and d.

4. Assertion (A): Wavefronts are always perpendicular to rays of light.

Reason (R): A ray is defined as the direction of energy propagation and is always
perpendicular to the wavefront.

5. Assertion (A): Interference obeys the law of conservation of energy.

Reason (R): The energy is redistributed in case of interference

SHORT ANSWER TYPE -I

1. How does the fringe width in Young's double-slit experiment change when the distance of
separation between the slits and screen is doubled?

2.When white light is used in YDSE we say Central band is white surrounded by colored bands
with inner edge as violet and outer edge as red. justify it, as well as explain pattern of width
of fringes obtained.

3. In aYoung’s double-slit experimental set-up with slit separation 0.6 mm a beam of light
consisting of two wavelengths 440 nm and 660 nm is used to obtain interference pattern
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on a screen kept 1.5 m in front of the slits. Find the least distance of the point from the
central maximum where the bright fringes due to both the wavelengths coincide.
4.Answer the following questions:

(i) In what way is diffraction from each slit related to the interference pattern in a double slit
experiment?

(i) When a tiny circular obstacle is placed in the path of light from a distance source, a bright
spotis seen at the center of the shadow of the obstacle. Explain, why.

5. (a) The ratio of the widths of two slits in Young’s double slit experimentis 4: 1. Evaluate the
ratio of intensities at maxima and minima in the interference pattern.
(b) Does the appearance of bright and dark fringes in the interference patternviolate, in any
way, conservation of energy?

6. Two plane monochromatic waves propagating in the same direction with amplitudes Aand
2A and differing in phase by /3 superimpose. Calculate the amplitude of resulting wave.

7. (a) Write the conditions under which light sources can be said to be coherent.
(b) Why is it necessary to have coherent sources in order to produce an interference
pattern?

8.Draw the shape of the wavefront coming out of a concave mirror and a convex lens when a
plane wave is incident on it.

9. How will the interference pattern in Young’s double slit experiment gets affected when

(i) distance between the slits S1 and S2 is reduced and

(ii) the entire set up is immersed in water. Justify your answer in each case.

10. How will the angular separation and visibility of fringes in Young’s double slit experiment
change when (i) screen is moved away from the plane of slits, and (ii) width of source slit
isincreased?

SOLUTIONS/HINTS

1. The fringe width is § = AD/d, D (distance between slits and screen) is doubled, then fringe
width will be doubled.

2. Since white light is a combination of all visible colors, the superposition of all colors at
the central maximum results in a bright white band. Also the position of bright fringe is
directly proportional to the wavelength of light. Thus, the first order bright fringe will be
a spectrum with violet light at the inner edge and red light at the outer edge.

3.n=2,y=nAD/d, y=3.3 mm

4.(i) The observed double-slit interference pattern is actually the interference pattern
modulated by the single-slit diffraction pattern.

(ii) Due to the symmetry of the circular obstacle, the diffracted wavelets from all points
along the circumference of the obstacle's edge travel the same optical path length to
the exact center of the shadow. Because they travel the same path length, they arrive in
phase at the center of the shadow. This in-phase superposition leads to constructive
interference at the exact center of the shadow, resulting in a bright spot.

5. (a)Intensity «< width of slit and use the correct formula Ans. 9:1
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(b) No, the appearance of bright and dark fringes does not violate the law of conservation
of energy.

6. Use the formula A% = A% + A% + 24,4, cos cos & Ans AN7

7. (a) Conditions for Coherent Sources: Same Frequency/Wavelength: The light sources
must emit light of the same frequency or monochromatic light. Constant Phase
Difference: The phase difference between the waves must remain constant with time.
Same Amplitude (Optional but preferred): For high-contrast interference, amplitudes
should be nearly equal. Origin: They should be derived from a single source to maintain
phase consistency.

(b) Necessity of Coherent Sources: Coherent sources are necessary to produce a
sustained (stable) interference pattern. If the phase relationship changes randomly
(incoherent), the bright and dark fringes will shift positions constantly, averaging out to
uniform illumination, and no interference pattern will be observable

8. Concave Mirror: When a plane wavefront is incident normally, the reflected wavefront
converges at the focus. Therefore, it is a converging spherical wavefront.

Convex Lens: When a plane wavefront passes through a convex lens, it converges
towards the focal point. The refracted wavefront is a converging spherical wavefront.

9. : (i) fringe width increases As f=AD/d

(ii) fringe width decreases

10. 5 = %D Angular separation 8 = % (i) unchanged (ii) the interference pattern becomes

less and less sharp. When the source slit becomes so wide that the condition s/S<A/D is
not satisfied, the interference pattern disappears, but the angular width remains
unchanged.

EXERCISE QUESTIONS

1.InYDSE with D =1m, d = 1mm, light of wavelength 500 nm is incident at an angle of 0.57°
w.r.t. the axis of symmetry of the two slits in the experimental set up. If centre of
symmetry of screenis O. (Competitive Corner)

(i) find the position of central maxima
(ii) Intensity at point O in terms of intensity of central maxima l.

2. In Young’s double slit experiment using mono-chromatic light of wavelength X, the
intensity of light at a point on the screen where path difference is X, is K units. Find out
the intensity of light at a point where path difference is 2A/3.

3. Inyoung’s double slit experiment how is the fringe width change when

(a) Light of smaller frequency is used

(b) Distance between the slits is decreased?

4.What type of wavefront will emerge from a (i) point source (ii) distant light source (iii) A
spherical wave front after reflection from a plane mirror. (iv) A spherical wave front
after reflection from a concave mirror.
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5. Two wavelengths of light 600 nm and 610 nm are used in turn, to study the diffraction at
a single slit of size 2 mm. The distance between the slits and screen is 2 m. Calculate
the separation between the positions of the second order maximum of the diffraction
pattern obtained in the two cases.

ANSWERS
1. (i) 9.949 mm (ii) 0.90l, 2.K/4 3. (a) increase (b) increase

4. (i) spherical wavefronts (ii) plane wavefronts (iii) spherical wavefronts (diverging) (iv) is
spherical (either converging or diverging) or plane wavefronts, depending on the
source's position 5. 0.025 mm.

SHORT ANSWER TYPE- Il

1. (a)Whatis the effect on the interference fringes if the monochromatic source is replaced
by a source of polychromatic light.

(b) In Young’s double slit experiment, the two slits 0.15 mm apart are illuminated by

monochromatic light of wavelength 450 nm. The screenis 1.0 m away from the slits.

Find the distance of the second (i) bright fringe, (ii) dark fringe from the central Maximum.

2. How will the interference pattern in Young’s double slit experiment gets affected when

(i) distance between the slits S1 and S2 is reduced and

(ii) the entire set up is immersed in water. Justify your answer in each case.

3.A parallel beam of monochromatic light falls normally on a narrow slit of width ‘a’ to
produce a diffraction pattern on the screen placed parallel to the plane of the slit. Use
Huygens’ principle to explain that

(i) the central bright maxima is twice as wide as the other maxima.
(ii) the intensity falls as we move to successive maxima away from the centre on either
side.

4.(a) Why are coherent sources necessary to produce a sustained interference pattern?
(b) In Young’s double slit experiment using mono-chromatic light of wavelength A, the
intensity of light at a point on the screen where path difference is A, is K units. Find out
the intensity of light at a point where path difference is 2A.

5. (a)Define the term wave front.

(b) State Huygen'’s principle.

(c) Consider a plane wave front incident on a thin convex lens. Draw a proper diagram to
show how the incident wave front traverses through the lens and after refraction focuses
on the focal point of the lens, giving the shape of the emergent wave front.

6. (a)Draw a graph showing the variation of intensity of light with the position on the

screen in Young’s double- slit experiment.

(b) Find the intensity of light at a point on the screen when two interfering waves of the

same intensity (lo) have a path difference of (i) A/4 and (ii) A/3.
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7.Which of the following statements does not correctly comply with Huygens’ Principle of
constructing a secondary wavefront from a primary wavefront? Justify each case?

(a)After some time interval, the new position of the wave front is the forward envelope to

the secondary wavelets.

(b) Secondary wavelets propagate outward through a medium with speed characteristic of

waves in that medium.

(c) A secondary wavefront is always a plane wavefront irrespective of whether the primary

wavefront is planar or spherical.

8. (a) In a Young’s double slit experiment, the two slits are illuminated by two different
lamps having same wavelength of light. Explain with reason, whether interference
pattern will be observed on the screen or not.

(b) Light waves of intensities |, each from two coherent sources arrive at two points on
a screen with path differences of 5A/2 and 5A. Find the intensities at the points.

9.Two monochromatic sources of light originated from same source with intensities | and
4] are placed in front of two slits in YDSE. Prove that in interference pattern in front of
both the slits intensity of fringes shall be same irrespective of the fact that sources are
coherent or not. Justify?

10.Why we need coherent sources to get sustained interference of light? Someone says
that two identical independent light sources can be coherent for a very short time
period. It is called temporal coherency. Explain the statement.

SOLUTIONS/HINTS

1. (a) fringes will become coloured near to edge of central band lower wavelength will be
seen.

(b) (i) Distance of second bright fringe is = 2,170 =6mm

(ii) Distance of second dark from central maxima, = 3';—3 =4.5mm

2. i) fringe width increases As f=AD/d
ii) fringe width decreases B < A

3.i) Describe single slit exp using wave theory i) This is because the waves diffracting from
different parts of the slitinterfere with each other, and the interference pattern creates
both bright and dark fringes (minima). The central bright fringe is the brightest and
widest, and the intensity of the secondary maxima (bright fringes) decreases as you
move further away from the center.

4. (a) if sources are not coherent then phase difference will be time varying.

(b) phase difference=0=2n/A x 2A= 4 n intensity I=lo cosz(%) , 1,=K.so =K
5. (a)Wavefront is the continuous locus of all points (such as wave crests or troughs) that
oscillate in phase, meaning they are at the same distance from the source.

(b)Correct principle (c)proper diagram with explanation
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6. (a) —~————  pos/7i>7 0P e S<TCCH —

(b) Correct formula application (i) 2 lo (ii) lo
7. (a) correct, The forward envelope tangent to all secondary wavelets forms the new
wavefront.
(b) correct, Wavelets always travel at the medium's characteristic wave speed.
(c) incorrect, Secondary wavefronts mimic the primary shape; spherical wavefronts
produce spherical secondary wavefronts, not planar ones.
8. (a) no interference pattern will be observed as the sources are two independent
sources.
(b) use direct formula and values will be 0 and 4l, respectively.
9. Justify using formula of intensity
10. Coherent sources give constant phase difference and stable fringes. Independent light
sources can maintain a steady phase relationship only for a fleeting duration. This brief
phase stability is called temporal coherence.
EXERCISE QUESTIONS
1. A beam of light consisting of two wavelengths, 650 nm and 520 nm, is used to obtain
interference fringes in a Young’s double-slit experiment.(a)Find the distance of the third
bright fringe on the screen from the central maximum for wavelength 650 nm.(b)What is
the least distance from the central maximum where the bright fringes due to both the
wavelengths coincide?
2. In a double-slit experiment the angular width of a fringe is found to be 0.2° on a screen
placed 1 m away. The wavelength of light used is 600 nm. What will be the angular width
of the fringe if the entire experimental apparatus is immersed in water? Take refractive

index of water to be 4/3.

3. A narrow monochromatic beam of light of intensity | is incident a glass plate. Another
identical glass plate is kept close to the first one and parallel to it. Each plate reflects
25% of the incident light and transmits the reaming. Calculate the ratio of minimum and
maximum intensity in the interference pattern formed by the two beams obtained after
reflection from each plate.

4. What are coherent sources? Why are coherent sources required to produce interference
of light? Give an example of interference of light in everyday life. In Young’s double slit
experiment, the two slits are 0.03 cm apart and the screen is placed at a distance of 1.5
m away from the slits. The distance between the central bright fringe and fourth bright
fringe is 1 cm. Calculate the wavelength of light used.

5. ()What is the difference between a ray and a wavefront ?

(ii) A plane wave is incident on a reflecting surface. Using Huygens principle, show how
itis reflected from the surface. Hence, verify the law of reflection.
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ANSWERS/HINTS

1950D 2600D
—n nm

)

1

2.0.15 degrees 3.0.008 4. Definition ,500 nm

5.(i)Correct difference (ii)Verification using Huygens principle

LONG ANSWER TYPE QUESTIONS

1. (a) State the essential condition for diffraction of light to take place.

(b) Use Huygen’s principle to explain diffraction of light due to a narrow single slit and the

formation of a pattern of fringes obtained on the screen.

(c) Sketch the pattern of fringes formed due to diffraction at a single slit showing variation

of intensity with angle 0.

2. Red colour of light of wavelength Ais passed from two narrow slits which are distance d
apart and interference pattern is obtained on the screen distance D apart from the
plane of two slits. Then find the answer to following parts assuming that slit widths are
equal to produce intensity I, from each slit.

(a) Intensity at a point on the screen, situated at a distance 1/4 th of fringe separation
from centre.

(b) Intensity inthe screen, if the sources become incoherent by using two different lamps
behind lamps S1 and S2.

(c) Angular position of 10th maxima, and the angular width of that fringe.

(d) Find the distance between 5th maxima and 3rd minima, at same side of central
maxima.

3. (a) In a diffraction experiment, the slit is illuminated by light of wavelength 600 nm. The
first minimum of the pattern falls at & = 30° .Calculate the width of the slit.

(b) Show that the angular width of the first diffraction fringe is half of that of the central
fringe.

(c) If amonochromatic source of light is replaced by white light, what change would you
observe in the diffraction pattern?

4. (a) In Young’s double slit experiment, derive the condition for (i) constructive interference

and (ii) destructive interference at a point on the screen.
(b) A beam of light consisting of two wavelengths, 800 nm and 600 nm is used to obtain
the interference fringes in a Young’s double slit experiment on a screen placed 1.4 m
away. If the two slits are separated by 0.28 mm, calculate the least distance from the
central bright maximum where the bright fringes of the two wavelengths coincide.

5. Explain Huygen’s principle. Name the types of wavefronts that corresponds to a beam of
light
(a) coming from a convex lens when point source placed at focus.

(b) coming from very far off source.

ZIET MYSURU-SSM PHY SICS-X11-2026-27




(c) coming from a convex lens (u for lens = 1.1) when point source placed at its focus
inside water py=1.33.
(d) wave front from a distant source fall perpendicular to an equilateral hollow prism
placed in side water.
6. (a)Prove the laws of reflection by using a basic principle in wave optics. Name the
principle.
(b) Laser light of wavelength 640 nm incident on a pair of slits produces an interference
pattern in which the bright fringes are separated by 7.2 mm. Calculate the wavelength
of another source of light which produces interference fringes separated by 8.1 mm
using same arrangement. Also find the minimum value of the order ‘n’ of bright fringe
of shorter wavelength which coincides with that of the longer wavelength
7. (a) In a single slit diffraction pattern, how is the angular width of central maximum
affected when (i) slit width is increased (ii) the distance between the slit and the screen is
increased.
(iii) light of smaller wavelength is used. Justify your answer.
(b) Aslitof width disilluminated by light of wavelength 700 nm. Find the value of d for which
the first minimum falls at an angle of 30°
SOLUTIONS/HINTS

1. (a)Essential condition for diffraction: the size of the obstacle or aperture (slit) must be
comparable to the wavelength of the light being used.

(b) Correct explanation

2.(a)Ax =22 =2, o = 2.1 = 41, cos cos 22 = 21,
D 4 2 2

(b) No interference pattern observed,l;yrq1 = 21

(c)dsin 8 = 104, find 8 using this formula ; Angular width,40 = %

(d) distance = |ys — y5| Ans - 52%)
3. a) Condition for minima; asin 8 = nd use this formulato finda=1.2 ym
b) Condition for first minimum, a8 = 1;6; = g 0, = —%

Angular width=26; = 2

c) The central maximum will remain white, secondary maxima will become colored
fringes and the overlapping of different colored secondary maxima will increase.
4. a) correct derivation for (i) constructive interference and (ii) destructive interference at a
point on the screen.
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b)Here y; = y, to find the order of the bright fringes. Then calculate the position of this
coinciding fringe using both pair of values. Ans:12 mm

5. The principle is based on two primary postulates:
Secondary Sources: Every point on a given wavefront acts as a source of new secondary
spherical wavelets.
Forward Propagation: The new position of the wavefront at any later time is the forward
envelope (the common tangent surface) of all these secondary wavelets
a) plane wavefronts b) plane wavefronts c¢) Usinglens maker’s formula, we will find
that lens will behave diverging. So we get diverging wavefront d) Plane wavefront
6. (a) Correct prove and name of principle
(b)Distance between two bright fringes = Fringe width

B="2 using Br/ Bo= A1 /A,
A1,=720 nm, minimum order n=9
7. (a) (i) decrease, 6 =§ , justification
(ii) independent
(iii) decrease, 8 =
(b)dsin@ =7 ,d=1.4pum

Q>

EXERCISE QUESTIONS
1. (a) In a YDSE, two light waves, each of intensity I,,interfere at a point, having a path

. y) . . . . .
difference zon the screen. Find the intensity at this point.

(b) In a double-slit experiment,6" dark fringe is observed at a certain pint of the screen. A

transparent sheet of thickness t and refractive index n is now introduced in the path of
2n(n—-1)t

one of the two interfering waves to increase its phase by .The pattern is shifted

and 8"bright fringe is observed at the same point. Find the relation for thickness t in
terms of nand A. (Competitive Corner)

2.(a) Draw the variation of intensity with angle of diffraction in single slit diffraction pattern.
Write the expression for value of angle corresponding to zero intensity locations.

(b) In what way diffraction of light waves differs from diffraction of sound waves?

(c) A parallel beam of light of wavelength 650 nm passes through a slit of width 0.6 mm.
The diffraction pattern is obtained on a screen kept 60 cm away from the slit. Find the
distance between first order minima on both sides of the central maximum.

3. A physics teacher wants to demonstrate interference with the help of double slit
experiment using a laser beam of 633 nm wavelength. Since the hall is large enough,
interference patternis formed on the wall 5 m from the slits. For clear and comfortable
view by all the students they want the fringe width 5 mm.

(a) Find the slit separation for obtaining the desired interference pattern.

(b) How far will the first minimum be from the central maximum?

(c)Light waves from two pinholes illuminated by two sodium lamps do not produce
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interference patterns. Give reason

4.A double slit set-up was initially placed in a tank filled with water and the interference
pattern was obtained using a laser light. When wateris replaced by a transparent liquid
of refractive indexn > n,,.¢er,what will be the effect on the following:

(a) Speed, frequency, and wavelength of the light of laser beam

(b) The fringe width, shape of interference fringes and shift in the position of central
maximum.

5. Using Huygen’s principle draw a ray diagram showing the propagation of a plane wave

refracting at a plane surface separating two media. Also verify Snell’s law of refraction.

ANSWERS
51
2(n—-1)
2.(a) Correct graph  (b) light waves have low wavelength. (c) 1.3 mm

1.(2)3.414 I, (b)

3.(a) 633um  (b) 2.5 mm (c) they are not coherent, meaning they do not maintain
a constant phase relationship

4.(a) speed of light and wavelength will decrease and frequency remains unaffected.

(b) Fringe width decreases, shapes and position of central maxima will not change

5.(a) Correct ray diagram and correct derivation.

CASE STUDY/PASSAGE-BASED QUESTIONS

(C.S.-1). In a Young’s double-slit experiment, the two slits behave as coherent sources.
When coherent light waves superpose over each other they create an interference
pattern of successive bright and dark regions due to constructive and destructive
interference. Two slits 2 mm apart are illuminated by a source of monochromatic light
and the interference pattern is observed on a screen 5-0 m away from the slits as shown

in the figure.
4(mm)

(i) What property of light does this Light «— 50m fg
interference experiment wavelength P 50
demonstrate ? —© T }(_;
. 05

(A) Wave nature of light  (B) —> 20mm 0 o
Particle nature of light (C) ’L % :;2
Transverse nature of light —2:0
—0

-30

(D) Both wave nature and
transverse nature of light

Screen

(ii) The wavelength of light used in this experiment s :

(A)720nm (B)590nm (C)480nm (D)364nm

(iii) The fringe width in the interference pattern formed on the
screenis:(A)1:2mm. (B)0-2mm. (C)4-2mm. (D)6:-8 mm
(iv) The path difference between the two waves meeting at point P,
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where there is a minimum in the interference patternis:

(A)81x10"m (B)7-2x10"m (C)6:5x10"m (D)6-0x10" m

(v) When the experiment is performed in a liquid of refractive index

greater than 1, then fringe pattern will :

(A) disappear. (B) become blurred. (C)be widened. (D)be compressed
Answer (C.S.-1).

(i) (A) wave nature of light  (ii) (C) 480 nm (iii) (A) 1.2 mm.

(iv)(B) 7.2X 107 m. (v)(D)be compressed

The phenomenon of bending of light around the sharp corners and s A
the spreading of light within the geometrical shadow of the opaque | i l d\\/"
obstacles is called diffraction of light. The light thus deviates from i : | i ﬁ./_r_:._.
its linear path. The deviation becomes much more pronounced, plil | T %\_
when the dimensions of the aperture or the obstacle are —”*_

comparable to the wavelength of light.
(i) Light seems to propagate in rectilinear path because
(A)its spread is very large. (B)its wavelength is very small
(C)reflected from the upper surface of atmosphere (D)itis not absorbed by atmosphere
(ii) In diffraction from a single slit the angular width of the central maxima does not
depends on (A)A of light used. (B)width of slit (C) distance of slits from the screen
(D) ratio of A and slit width
(iii) For a diffraction from a single slit, the intensity of the central point is
(A) infinite. (B) finite and same magnitude as the surrounding maxima
(C) finite but much larger than the surrounding maxima
(D) finite and substantially smaller than the surrounding maxima
(iv) In a single diffraction pattern observed on a screen placed at D metre distance from
the slit of width d metre, the ratio of the width of the central maxima to the width of other
secondary maxima is ( approx.)
(A) 2:1 (B)1:2 (C)1:1 (D)3:1
Answer (C.S.-2).

(i) B (ii) C (iii) C (iv) A
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(C.S.-3)

bright and dark fringes is obtained on screen, called — ’
"Diffraction Pattern" of single slit. In diffraction pattern of Ligh 4
single slit, it is found that

(I) Central bright fringe is -of maximum intensity and the

intensity of any secondary bright fringe decreases with increase in its order.

When light from a monochromatic source is incidenton a
single narrow slit, it gets diffracted and a pattern of alternate _ 4 4 E

(Il Central bright fringe is twice as wide as any other secondary bright or dark fringe .

Read the following case/passage and answer the following questions:

(i) A single slit of width 0.1 mm is illuminated by a parallel beam of light of wavelength 6000
A and diffraction bands are observed on a screen 0.5 m from the slit. The distance of
the third dark band from the first dark band of opposite side is
(A) 6 mm (B)15 mm (C)9 mm (D)12 mm

(ii) In Fraunhofer diffraction pattern, slitwidth is 0.2 mm and screen is at 2 m away from the
lens. If wavelength of light used is 5000 A then the distance between the first minimum
on either side the central maximum is
(A)10" m (B)102m (C)2x102m (D)2x10"m

(iii) Light of wavelength 600 nm is incident normally on a slit of width 0.2 mm. The angular
width of central maxima in the diffraction pattern is
(A)6x103rad (B)4x 103 rad (C)2.4x 103 rad (D)4.5x 103 rad

(iv) A diffraction pattern is obtained by using a beam of red light. What will happen, if the
red lightis replaced by the blue light?

(v) To observe diffraction, the size of the obstacle
(A) should be A/2, where A is the wavelength.

(B) should be of the order of wavelength.
(C) has no relation to wavelength.
(d) should be much larger than the wavelength.
Answer (C.S.-3).
()D (i) B (iii) A (iv) Explanation (v)B

EXERCISE QUESTIONS
EQ-1

Interference of light:- If double slit apparatus is immersed in a
liguid of refractive index g, the wavelength of light reduces
to My and fringe width also reduces to B'=f/p. The given
figure shows a double-slit experiment in which coherent
monochromatic light of wavelength A from a distant source
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is incident upon the two slits, each of width w (w >> A ) and the interference pattern is
viewed on a distant screen. A thin piece of glass of thickness t and refractive index n is
placed between one of the slit and the screen, perpendicular to the light path.
(i) In Young's double slit interference pattern, the angular fringe width
(A) can be changed only by changing the wavelength of incident light
(B) can be changed only by changing the separation between the two slits
(C) can be changed either by changing the wavelength or by changing the
separation between two slits
(D) is a universal constant and hence cannot be changed
(ii) If the width w of one of the slits is increased to 2w, the wave amplitude emerging from
the slit will change from a to:
(A) 1.5a (B)2a (C)/2a (D)no change
(iii) In YDSE, let A and B be two slits. Films of thicknesses ta and ts and refractive indices
Ma and pg are placed in front of A and B, respectively. If pata=psts then the central
maxima will
(A) not shift (B) shift towards A (C) shift towards B
(D) shift towards A if tg > ta and shift towards B if tg < ta
(iv) In Young's double slit experiment, a third slit is made in between the double slits. Then
(A) fringes of unequal width are formed.
(B) contrast between bright and dark fringes is reduced
(C) intensity of fringes totally disappears
(D) only bright light is observed on the screen
(v) In Young's double slit experiment, if one of the slits is covered with a microscope cover
slip, then
(A) fringe pattern disappears
(B) the screen just gets illuminated
(C) in the fringe pattern, the brightness of the bright fringes will decreases and
the dark fringes will become more dark
(D) bright fringes will be more bright and dark fringes will become more dark.

(EQ-2)Interference is based on the superposition principle of  soaium Lamp

waves from coherent sources. According to this principle, at a TR
particular point in the medium, the resultant displacement JCJ%
produced by a number of waves is the vector sum of the Sodium Lamp ! "

|
Screen

displacements produced by each of the waves. If two isolated
sodium lamps illuminate two pin holes S;and S,. The intensities will add up and no
interference fringes will be observed on the screen. Here the source undergoes abrupt
phase change in times of the order of 10"° seconds called temporal coherency.

(i) Two coherent sources of intensity 100 W/m?and 25 W/m? interfere to form fringes. Find
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the ratio of maximum intensity to minimum intensity

(a) 5:3 (b)9:1 (c)4:1 (d)None of the all

(ii) Which of the following does not show interference?
(a) Soap bubble (b)Excessively thin film of oil
(c)A thick film of oil (d) Wedge shaped film

(iii) In a Young's double-slit experiment, the slit separation is doubled. To maintain the
same fringe spacing on the screen, the screen-to-slit distance D must be changed by
(a) 2D (b)4D (c)D/2 (d)D

(iv) The maximum number of possible interference maxima for slit separation equal to
twice the wavelength in Young's double-slit experiment, is

(a) Infinite (b)Five (c)Three (d)zero
(v) The resultant amplitude of a vibrating particle by the superposition of the two
waves are
yi=asin [wt+1/3]and y,=asin wtis
(a)a (b)v2a (c)2a (d)v/3a
(EQ-3)

Diffraction and interference are closely related phenomena that occur together.
Diffraction is the phenomenon of bending of light around the edges of the obstacle, while
interference is the combination of waves that results in a new wave pattern. In order to
get interference, there must be at least two waves that are diffracting. So while diffraction
can occur without interference, interference cannot occur without diffraction. Two slits of
width 2 um each in an opaque material are separated by a distance of 6 pm.
Monochromatic light of wavelength 450 nm is incident normally on the slits. One finds a
combined interference and diffraction pattern on the screen.

(i). The number of peaks of the interference fringes formed without the central peak of the
envelope of the diffraction pattern will be

(a)2 (b) 3 (c)4 (d)6

(ii). The number of peaks of the interference formed if the slit width is doubled while
keeping the distance between the slits same will be

(a)1 (b)2 (c) 3 (d)4

(iii). If instead of 450 nm light, another light of wavelength 680 nm is used, number of
peaks of the interference formed in the central peak of the envelope of the diffraction
pattern will be

(a)2 (b)4 (c)6 (d)o

(iv). The number of bright fringes formed due to interference on 1 m of screen placed at
4/3 m away from the slits is

(a)2 (b)3 (c)6 (d)10

*kkkkkkkkkkkkkkkk
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FORMULA SHEET

CBSE CLASS XIIPHYSICS « WAVE OPTICS

PREMIUM SMART-STUDY REVISION POSTER & FORMULA SHEET

hly Visual —

1. WAVEFRONT & HUYGENS PRINCIPLE

Wavefront: The continuous locus of all adjacent particles of a medium

vibrating in the same phase.

+ Plane Wavefront: Originates from a source at infinity (parallel rays).

+ Spherical Wavefront: Originates from a point source at finite distance.

+ Cylindrical Wavefront: Originates from a linear source (e.g., narrow
slit)

Huygens Principle: 1. Every point on a wavefront acts as a fresh source

of secondary wavelets moving with the speed of light.

2. The forward envelope (tangential surface) of these secondary wavelets at

any instant gives the new wavefront.

=4
- -d--4->
see T % . —p- = >
~ —®- -4 >

Spharica} = Plana

2. REFLECTION & REFRACTION VIA WAVE THEORY

Key Concept: Rays are always perpendicular to the wavefront (Ray L
Wavefront). Time taken by light along any ray path from one wavefront to
another is identical.
« Law of Reflection: Proved by showing triangles formed by incident
and reflected wavefronts are congruent — Zi = Ar.
+ Law of Refraction (Snell’s Law):
sin i vy A1
" sinr Vo - Az
+ CRITICAL NOTE: When light travels from a rarer to a denser
medium, speed (v) and wavelength () decrease:

Avacuum

n
But Frequency (~) remains absolutely constant (depends only on

Amedinm =

the source).

S & SUPERPOSITION

Coherent Sources: Two sources emitting light waves of the same fre-
quency /wavelength with a constant phase difference.

Note: Two independent light bulbs can never be coherent because atoms
emit light bursts with random phase changes every ~ 1010 s,

3. COHERENT SOUR

Resultant Intensity Formula: For two interfering waves of intensities

11,12 and phase difference ¢:

[ I=1I11 + 12+ 2VI1Izcos¢ ]
Phase Diff (¢) vs Path Diff (Ax):
2

ER

Intensity Extrema:

+ Maximum Intensity (Constructive): cos ¢ = 1 =
2
Tmox = (VIT + vIz)
+ Minimum Intensity (Destructive): cos ¢ = -1 =
2
Lain = (Vi1 - \/Tz)

Identical Slits ({1 = 2 = [p):
I = 4l cos? (g) = e =g, g =0

Slit Width & Amplitude Relations:

OUNG’S DOUBLE SLIT EXPERIMENT
Setup: Slit separation = d, Slit-to-Screen distance = D.
Path Difference at point I> on screen at distance y from center:

d
Ax = S,P — 5;P = dsinf ~ %

1. Bright Fringes (Constructive Interference):
+ Path difference: Ax =nA (rn=0,1,2,...)

« Position from central max: yn = e

2. Dark Fringes (Destructive Interference):

» Path difference: Ax = (2n + 1)% (n=0,1,2,...)

- Position from central max: yn = %

Fringe Width (3): Distance between two successive bright or dark fringes:

[ - )

. ﬁ?gular Fringe Width: 0p = % E ‘—f_\{ (Independent of screen distance
« Immersion in Medium: Entire setup immersed in liquid of ref. index
0 —= Bacaling, = Bair (Fringes shrink).

i
n
L J

Bending of light around corners of an obstacle/aperture of size comparable
to A. Slit width = a.

Condition for Minima (Dark Fringes):
nAD

asinf = n\ = yn = (i = s=il, =52, . )]

Warning: n = 0 corresponds to the central maximum, not a minimum!
Condition for Secondary Maxima (Bright Fringes):

asin® = (2n + 1)i - n:w

2 2a

Central Maximum Dimensions:
« Angular Width: 20 = 22
» Linear Width: Wg = 22D — 25,4
Key Takeaway: The central maximum in single-slit diffraction is twice as
wide as any secondary maximum, and holds most of the total intensity.

6. INTERFERENCE VS DIFFRACTION

Feature Interference Diffraction (Single
(YDSE) Slit)

Origin Superposition of waves Superposition of
from two distinct co- wavelets from differ-
herent slits. ent parts of same

slit.

Fringe All fringes have equal Central maximum is

Width width (3 = AD/d). double the width of

secondary maxima.

Intensity All bright fringes have Intensity falls off
uniform maximum rapidly for higher-
intensity. order secondary

maxima.

RECALL & PYQ TIPS (MANDATO
« Optical Path: Distance light travels in vacuum in the same time it
travels distance = in medium: Xgptical = HX.
+» Insertion of Thin Plate: Placing a glass slab of thickness ¢ and ref.
index y in front of one slit introduces path diff Ax = (p — 1)¢.
Fringe Shift: Pattern shifts towards covered slit by:

D
Ay = (1t = ?(u — 1t

+ Sustained Interference: Coherent, monochromatic, narrow slits, small
separation d, large screen distance [

+ White Light Source: Central fringe is white.
violet (A min), outermost is red.

Closest side fringe is

J

8. TR S & COMMON

COMMON MISTAKE ALERT

+ Formula Reversal: In YDSE, nA gives BRIGHT fringes. In Single
Slit Diffraction, nX gives DARK minima. Never mix them up!

- Intensity Ratio Error: Remember intensity I = A2, so finding
Ias / Tinin requires taking square roots of individual intensities first.

2 2 2
w1 _ I = A J— Linox = ESNT o] = VW1 + W3z Symbols: A: Wavelength (m), 8: Fringe width (m), D: Distance to screen
L W Iz A% Tmin Ay — Ao VW1 = wa (m), d,a: Slit sizes (m), p: Refractive index.

I (Interference)

Y 0 A2 A
YDSE: Equal Intensity Fringes

Path Diff (Ax) sin @

I (Diffraction)

—Xfa Na
Diffraction: Central Max Double Width
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CHAPTER 11

@ Duul Nature of Rudmtlon and Matter &
2 worx roncrion ¢ J_3-pHor

1. ELECTRON EMISSION

Emission of electron
from a metal surface.

o Thermionic emission
(when metal is heated)

Field emission
(very strong electric field)

Photoelectric emission
(light of suitable frequency)

-8
—e

Minimum energy required to
escape from metal surface.

leV = 1.602 x 1071%J
Work function of:

* Platinum = 5.65 eV (highest)
* Coesium = 2.14 eV (lowest)

Emission of electrons from
metal surface when light of
suitable frequency illuminates

Discovered by
Heinrich Hertz e

€]
b,
1

E P =2

4. LENARD'S EXPERIMENTAL SETUP

Incident
Iight\

it.
Cathode

®

(i) Effect of Intensity (v, V constant)

Photoelectric current o Intensity
(Linear increase)
-

Photoelectric
current

—
Intensity

(i) Effect of Potential (v constant)
* Increasing positive potential — current increases
until saturation,

- ..
5. EFFECTS ON PHOTOELECTRIC CURRENT | 6. LAWS OF PHOTOELECTRIC EFFECT i 8. EINSTEIN'S PHOTOELECTRIC EQUATION

Photoelectric current o intensity of radiation
(for fixed frequency). ‘

@) saturation current = intensity;
stopping potential is independent of intensity.

0 No emission occurs below threshold frequency (vo).
Koax = frequency of incident radiation (v); |
independent of intensity.

9 Photoelectric emission is instontaneous
(delay > 1079 s).

Photon energy = hv = K., + ¢

‘ Kmax = h(v — ) |

)

where, Vg h

= threshold frequency =

Explanation of Laws
* Intensity T — photon number T — current T

+ Negative potential — current decreases. . 5 g8 o "
e i hom vy e SR 7. FAILURE OF CLASSICAL THEORY If ¥ < Vg = Kpax negative (impossible)
— no emission
k>h>Nh \f:c:‘le the:y predicts electron sbsorbs energy * Photon-electron interaction is instantaneous
Photoelectri I continuously. i
I
Serrecd s | Contradictions: =ipeleg
L a. Kpyg, should depend on intensity | )
(Observed: depends on frequency) b ;
—V Anode potential (V) b. Any frequency should couse emission 9. GRAPH (v vs STOPPING POTE"TIAL) |
(Shopping ol (Observed: only above threshold freq.) h
(iii) Effect of Frequency (Intensity constant) | c. Should be delayed process Vo = _) v - fﬂ
+ Greater fr\et:‘uan:y — greater stopping potential I (Observed: instantaneous) e e Vo
—+ greater Kpyq,
+ Saturation current remains same. | ( 10. PARTICLE NATURE OF LIGHT )| Straight line
LR ] - Light interacts with matter as photons. h
Phatoelectric | Photon energy: hv o / Slope = —
current | Photon momentum: % N
= Photons have no charge — not deflected J - t = — Fo
| by E or B fields. - yintwcey —dy 4
Volvs)  Velva) Wlw) 0 || = Photon collisions conserve energy & o
Anade potential (V) | momentumn (number of photons may change).
» Compton scottering confirmed particle
e R nature of light. J
11. DUAL NATURE OF RADIATION 12. DUAL NATURE OF MATTER 13. PHOTOELECTRIC EFFECT - ALL GRAPHS
Louis de Broglie (1924) proposed (i) Effect of Intensity (ii) Effect of Potential (iii) Effect of Frequency
‘Wave Noture Particle Nature partiicles have wave nature. p
| Plolousctre L>l>1 Photoslactric 4 Yy
* Interference * Photoelectric effect de-Broglie Equation | Pratesbecvic wm o ey s
= Diffraction r . 1 e Iy o
3 Ea i Compton scottering | 'y " B h , h L i L 3 ¥ i
P mv ZmK 2mev | i T
N i éa ~, 0 . 4 Intensity Vo) i il el ol Vel Ve " ;
Davisson-Germer experiment I 12 proTocwecTric equaTion GRarH v.vs ) IR :
confirmed electron wove nature.
% " " Va f n=o E=0
= Light shows wave—particle duality | E.
il | nm3 2 Ey
nm2 =T Ex
| o 7 Vg Vg I 1(beorption
4o |7 as e ralt- Loy o S
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10.

MULTIPLE CHOICE QUESTIONS

topf

A graph is plotted between the stopping potential (on y-axis) 1
and the frequency of incident radiation (on x-axis) for a metal. F&f."“.?!i;ﬁ
The product of the slope of the straight line obtained and the / .
magnitude of charge on an electron is equal to:

(a)h (b) h/c (c) h/2¢c (d)2h/c

0

v

A metal surface ejects electrons when hit by green light but none

when hit by yellow light. The electrons will b e ejected when the surface is hit by:

(a). blue light (b). heat rays (c). infrared light (d). red light

The work- function of a substance is 4.0 eV. The longest wavelength of light that can cause
photoelectron emission from this substance is approximately: -

(a) 540 nm (b) 400 nm (c) 310 nm (d) 220 nm

Photoelectric effect takes place in element A. Its work function is 2.5 eV and threshold
wavelength is A. An other element B is having work function of 5 eV. Then find out the
maximum wavelength that can produce photoelectric effect in B: -

(a) A2 (b) 21 () A (d) 3n

The de-Broglie wavelength of a neutron in thermal equilibrium with heavy water at a
temperature T (Kelvin) and mass m, is

h 2h 2h

(a)\/ka (b) V3mkT (C) V3mkT (d) VmKT

The photoelectric threshold wavelength of silver is 3250 x 107'° m. The velocity of the
electron ejected from a silver surface by ultraviolet light of wavelength 2536 x 107 m is:

(Given: h = 414 x 10% eV s and ¢ = 3 x 1068 m s
(@)=6x10°ms'(b)=0.6x10*ms? (c)=61x10°ms? (d)=03x10°ms™"
The two lines A and B shown in figure are the graphs of the de 8

Broglie wavelength A as a function of 1/v/V (V is the accelerating
potential) for two particles having the same charge.
Which of the two represents the particle of heavier mass ?

(@) A (b)B e

(c) Both A and B (d) Insufficient Data

When the light of frequency 2vo (where vy is threshold frequency), is incident on a metal
plate, the maximum velocity of electrons emitted is vi When the frequency of the incident
radiation is increased to 5vo, the maximum velocity of electrons emitted from the same plate
is v2.The ratio of v; to v2 is

(a)4:1 (b)1:4 (c)1:2 (d2:1

Photons with energy 5 eV are incident on a cathode C in a photoelectric cell. The maximum
energy of emitted photoelectrons is 2 eV. When photons of energy 6 eV are incident on C,

no photoelectrons will reach the anode A, if the stopping potential of A relative to C is
(a)+3V (b) +4 V ()-1V (d-3V

An electron of mass m and a photon have same energy E. the ratio of de-Broglie wavelengths
associated with them is:
1 1 1
1[E |z E |z 1 1[2m]z
@z |55 b =] ©cl2mER @ |5
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11. When the mass of an electron becomes equal to thrice its rest mass, its speed is
(a) 22 (b) OF (d 1

12. Which of the following cannot be observed by an increase in the intensity of light alone?
(a) Increase in photocurrent (b) Increase in stopping potential

(c) Increase in number of emitted electrons (d) Increase in rate of emission

13. In an experiment, intensity of light is increased but photoelectric current remains constant
after sometime. This is due to:
(a) saturation current has been reached

(b) frequency of light is below threshold
(c) work function is larger than incident photon energy
(d) electrons are absorbed back

14. The photoelectric current becomes zero when:
(a) The intensity of light is zero (b) Frequency is below the threshold

(c) Work function is very high (d) Any of the above

15. In a photoelectric experiment with light of intensity I, the current is I,. When light is filtered
to allow only 50% photons through, the current becomes:
(a) 21, (b) %0 ©) V21, (d) Remains same

16. Consider a photoelectric tube where magnitude of negative anode potential is gradually
increased. The photoelectric current decreases to zero because:
(a) Kinetic energy of electrons is reduced (b) All photons are absorbed
(c) Potential suppresses even fastest electrons  (d) Frequency becomes less than threshold
17. In an experiment, when frequency is increased, the stopping potential increases linearly. This
verifies:

(a) Planck’s quantization (b) de Broglie relation

(c) Einstein’s photoelectric equation (d) Wave-particle duality
18. Which observation supports the quantum nature of light?

(a) Instantaneous emission (b) KE « frequency

(c) Threshold frequency exists (d) All of the above

19. In photoelectric emission, a radiation whose frequency is 2 times threshold frequency of a
certain metal is incident on the metal. Then the maximum possible velocity of the emitted
electron will be:

(a) \/% (b) |2 ©) 2\/% (d) |2

20. For two particles with equal momenta, which of the following is true regarding their de
Broglie wavelengths?

(a) The heavier particle has smaller wavelength (b) Both have same wavelength
(c) The faster particle has smaller wavelength (d) Depends on nature of the
particles

Answers

l.a, 2.a, 3.c¢c, 4.a, S.b, 6.a, 7.a, 8.c, 9.d, 10.a,
11.a, 12.b, 13.a, 14.d, 15.b, 16.¢, 17.¢c, 18.d, 19.b, 20.b
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Assertion- Reason Type Questions

(A) Both (A) & (R) are true and the (R) is the correct explanation of the (A)
(B) Both (A) & (R) are true but the (R) is not the correct explanation of the (A)
(C) (A) is true but (R) is false

(D) Both (A) and (R) are false

1.

10.

Assertion: At a fixed frequency above the threshold, doubling the intensity of light doubles

the stopping potential.

Reason: Stopping potential is proportional to the energy of the photoelectrons, which

increases with intensity.

Assertion: Even when monochromatic light falls on a metal surface, the emitted

photoelectrons have varying kinetic energies.

Reason: Electrons originating from within the metal lose part of their energy due to collisions

with other atoms before escaping the surface.

Assertion: A time delay is observed before photoelectrons are emitted from a metallic

surface under light exposure.

Reason: According to Einstein’s theory, electrons take time to absorb sufficient energy from

the incoming wavefront.

Assertion: A heavier particle moving slowly can have a longer de Broglie wavelength than

a lighter particle.

Reason: The de Broglie wavelength is independent of the particle’s mass and velocity.

Assertion: An infinite time delay is observed when light of frequency less than the threshold

is incident on a metal surface.

Reason: According to Einstein’s theory, electrons need to accumulate energy over time from

multiple photons to be emitted.

Assertion (A): A beam of electrons with energy of 150 eV is incident on a crystal, and a

diffraction pattern is observed. If the energy is increased to 600 eV, the fringe spacing in the

diffraction pattern will decrease.

Reason (R): The de Broglie wavelength of a particle is inversely proportional to the square

root of its kinetic energy.

A photon and an electron both have energy 50 eV.

Assertion (A): Both have different wavelengths.

Reason (R): Wavelength depends on energy and not on mass.

Assertion (A): The relative velocity of two photons travelling in opposite directions is c.

Reason (R): The rest mass of a photon is infinite.

Assertion (A): An electron microscope is based on de Broglie's hypothesis of matter waves.

Reason (R): Higher the accelerating potential, smaller is the de Broglie wavelength of the

electron.

Assertion (A): Photoelectric effect demonstrates the wave nature of light.

Reason (R): The number of photoelectrons is proportional to the frequency of light.
Answers

1.D, 2.A, 3.D, 4.C, 5.C, 6.A, 7.C, 8.D, 9.A, 10.D
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Short Answer Questions (2 marks each)

1. How will the de-Broglie wavelength associate with an electron be affected when the (i)
velocity of the electron decreases? (i) accelerating potential is increased? Justify your answer.

2. (I) Define the terms, (a) threshold frequency and (b) stopping potential in photoelectric effect.
(i1) Plot a graph of photocurrent versus anode potential for a radiation of frequency v and
intensities [1 and > (I1 > D).

3. Plot a graph showing variation of de-Broglie wavelength (A) associated with a charged
particle of mass m, versus 1/\'V, where V is the potential difference through which the particle
is accelerated. How does this graph give information regarding the magnitude of charge of
the particle?

4. An o-particle and a proton are accelerated from rest by the same potential. Find the ratio of
their de- Broglie wavelengths. Vo p

5. An electron and alpha particle have the same de-Broglie 4
wavelength associated with them. How are their kinetic energies /
related to each other? |

6. Figure shows the stopping potential (Vo) for the photoelectron
versus 1/A graph, for two metals A and B, A being the wavelength
of incident light. (i) How is the value of Planck’s constant
determined from the graph? (ii) If the distance between the light
source and the surface of metal A is increased, how will the stopping
potential from electrons emitted from it be effected?

7. If light of wavelength 412.5 nm is incident on each of the metals given below, which one

o %

will show photoelectric emission and why? Metal | Work Function (eV)
8. An electron is accelerated through a potential difference | Na 1.92

of 100 volts. What is the de-Broglie wavelength | 215

associated with it? To which part of the electromagnetic | -, 3.20

spectrum does this value of wavelength correspond? Mo AL

9. If an electron has a wavelength, does it also have a
colour?

10. A parallel beam of monochromatic light of wavelength 663 nm is incident on a totally
reflecting plane mirror. The angle of incidence is 60° and the number of photons striking the
mirror per second is 1.0 x 10%°. Calculate the force exerted by the light beam on the mitror.

Answers

Ans — 1 -(i) According to the de-Broglie wavelength formula. the wavelength 1 s inversely

proportional to the momentum of the electron. As momentum is the product of mass and velocity,

when the velocity of the electron decreases. its momentum also decreases. Therefore, the de-

Broglie wavelength of the electron will increase.

(i1) When the accelerating potential is increased the velocity of the electron also Increases. As a

result, the momentum of the electron increases. and according to the de-Broglie wavelength

formula, the wavelength decreases. Therefore, the de-Broglie wavelength of the electron will
decrease.

Justification: According to de-Broglie wavelength 4 = g, if the velocity of the electron

decreases. The momentum of the electron also decreases. Resulting in an increase in the de-
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Broglie wavelength. Similarly. if the accelerating potential is increased. the velocity of the
electron increases. leading to an increase in the momentum of the electron and a decrease in the
de-Broglie wavelength.

Ans — (2)- 1(a) Threshold frequency: The minimum value of frequency of incident radiation that
can cause photoemission from a given photo sensitive surface is called threshold frequency.

(b) Stopping potential: The minimum negative retarding potential given to the anode i.e. collector
plate with respect to cathode for which the photocurrent stops or becomes zero is called stopping

potential f -

(i1) Graph of photocurrent versus anode potential. E 3 i
3. The de-Broglie wavelength is 4; = % = \/;:n_K = Zr}rlqu =>Aa \/LV S

So. the graph between 4 & «/iV Anodo polontl

Thus. it gives a straight line graph. Knowing the mass of particle (m).
and slope of graph. we can calculate charge (q) on a particle.
4. The ratio of the de Broglie wavelength of an a particle (4,) to that

A Sl = p——
e v2mg

of a proton (4,) accelerated from rest by the same potential is

Ay  hIN2myq Vo g, =>Q_ m, e /—l e NV
AP h/ Zmpqu maqa AP 4]’,"!"J . 2€ 8 2ﬁ

2
5.Ex = zp_m where, Ex = Kinetic Energy, p = momentum and m = mass

. h ) —_h
de-Broglie wavelength, A = o where,h = Planck’s constant Therefore, A = Jomis
. . . h h
Both the particles have the same de-Broglie wavelength. (Given) - =
J2meEke  \[2mgEkq
or,z—z = % As,my >m, ~ Eg, > Eg,

6.(1) We can determine Planck's constant by calculating the slope of the graph.

Since we know that Slope of the graph = %, where, h = Planck’s constant, ¢ =
velocity of light in vacuum and e = charge of electron
(i1) If distance between source of light and surface of metal A is increased, the intensity of
incident light decreases, but stopping potential does not depend on the intensity of the incident
light. So, the stopping potential will not be affected.
7.Given, A=412.5nm=412.5%x 10" m
E =hc/A = (6.62x1073* x 3x10%) / (412.5%107° x 1.6x107"?) eV =3.01 eV
This energy of the incident radiation is greater than the work function of Na and K but less
than those of Ca and Mo, so photoelectric emission will occur only in Na and K metals and

not in Mo and Ca.

12.27 12.27 ° .
8. 4= = T s 1.227 A°. This wavelength corresponds to X-rays.

9. Colour is a characteristic of electromagnetic waves. Electrons behave as a de- Broglie wave
because of their velocity. A de-Broglie wave is not an electromagnetic wave and is one

dimensional. Hence, no colour is shown by an electron.
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10. A=663x10°m, 0=60°,n=1x 10", A:%: p =%= 10-27
60°
Force exerted on the wall = n(mvcos 6 — (—mvcos 0))

=2n mvcos 6 = 2n pcos 0
=2x1x10"x10% x %5 =1x10"*N,
Short Answer type Questions (3 Marks each)

A

1. The following graph shows the variation of photocurrent for a
photosensitive metal:
a) Identify the variable X on the horizontal axis.
b) What does the point A on the horizontal axis represent?
c) Draw this graph for three different values of frequencies of “ i o <
incident radiation v¢, v, and v3 (v4 > v, > v3) for same intensity.

Photocurrent

d) Draw this graph for three different values of intensities of incident radiation I I,, and I3
(I; > I, > I3) having same frequency.

2. Inaplot of photoelectric current versus anode potential, how does?

a) The saturation current vary with anode potential for incident radiations of different
frequencies but same intensity?

b) The stopping potential vary for incident radiations of different intensities but same
frequency?

c) Photoelectric current vary for different intensities but same frequency X
of incident radiations? Justify your answer in each case.

3. The following graph shows the variation of stopping potential V, with
the frequency v of the incident radiation for two photosensitive metals X & Y:

a) Which of the metals has larger threshold wavelength? Give reason.

b) Explain, giving reason, which metal gives out electrons, having larger kinetic energy, for
the same wavelength of the incident radiation.

c) Ifthe distance between the light source and metal X is halved, how will the kinetic energy
of electrons emitted from it change? Give reason.

4. Two neutral particles are kept 1m apart. Suppose by some mechanism some charge is
transferred from one particle to the other and the electric potential energy lost is completely
converted into a photon. Calculate the longest and the next smaller wavelength of the photon
possible.

5. Why do different metals emit electrons only when exposed to light of certain minimum
frequencies? The threshold frequency of a metal is f;. When the light of frequency 2f, is
incident on the metal plate, the maximum velocity of electrons emitted is v; . When the
frequency of the incident radiation is increased to 5f, the maximum velocity of electrons
emitted is v,. Find the ratio of v; to v,.

6. An electron and a photon each have a wavelength 1.00 nm. Find:

a) Their momenta, b) The energy of the photon and, c¢) The kinetic energy of electron

7. Explain by giving reasons for the following:

a) Photoelectric current in a photocell increases with the increase in the intensity of the
incident radiation.

b) The stopping potential (V) varies linearly with the frequency (v) of the incident
radiation for a given photosensitive surface with the slope remaining the same for

—
05 10 (x 104 )
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different surfaces.
¢) Maximum kinetic energy of the photoelectrons is independent of the intensity of
incident radiation.

8. A photoelectric cell has two plates 2 cm apart with no external battery connected. Light of
wavelength 310 nm is incident on a metal surface of work function 2.3 eV. An electric field
of 2x10% N/C exists between the plates, directed such that it opposes the motion of emitted
electrons. (a) Calculate the maximum kinetic energy of emitted photoelectrons. (b) Calculate
the work done by the electric field against the electrons. (c) Will any photoelectrons reach
the collector plate? Justify.

9. An electron is accelerated through a potential of 100 V and directed toward a thin metal foil
with atomic spacing 0.2 nm.

(a) Calculate the de Broglie wavelength of the electron.
(b) Will diffraction be observed?
(c) What happens to the wavelength if the voltage increases to 400 V?

10. A particle of mass m and charge q is accelerated through a potential difference V. Plot a
graph of de-Broglie wavelength A associated with it as a function of V. (i1) Calculate the
energy acquired by and de-Broglie wavelength associated with, an electron accelerated
through a potential difference of 400V.

ANSWERS
1 1
a. Xis collector plate potential. Photelctric — ;
b. A is stopping potential. - £ /jF
c. Graph for different frequencies. /o, ik // e "
Graph for three different Intensities Y

Vs Voo Vo O Collector plate potential — —
— Relm’ding p:)lenlial +—— Retarding potential Collector plate —
pote:

2. 1. Saturation current does not change. proe ,
il. Stopping potential does not s } o
change. T e t
iii. Photoelectric current increases
with increase in intensity.

3. ‘X’ as it has smaller threshold
frequency.

a) KEmax = hv —¢g
Since ¢, > P = K, < K, therefore ‘X’ gives out electrons with larger KE.

b) No change as KE of photoelectron does not depend on the intensity of incident

radiations.
4, r=1Im
- _ ka® _ ka? _he _ kq? — D
Potential Energy= =0 Energy of photon T A= e

For max A, ‘q’ should be min,i.eq=e=1.6 x 10"°C

Substituting we get, 1,,,,,, = 863 m

For next smaller wavelength, ¢ = 2e and A = % = 215.74 m.

5. There is minimum energy required to free an electron from its surface binding called work
function.
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o . L 1
Einstein's photoelectric equation is hv =hvy + > mv?

In first case v=2f,, vy = fo, V=" , hence h(2fy)=hf, + l muv,? = l mv;? = hf,
Similarly in second case we get, %m v,2 = 4hf,, Dividing both we get ’4’;{; %
6. Je=24photon=1.00nm = 10""m.

h _ 6.63x10734
a) For electron or photon, momentum p =~ = 0

b) Energy— —=19.89x107"]J (N 124 eV)

= 6.63 X 107 2° kg m/s

c) Kinetic energy of electron= -— —=242x10" ¥y =151eV

7. a) The collision of a photon can cause emission of a photoelectron (above the threshold
frequency). As intensity increases, number of photons increases. Hence the current
increases.

h h
b) We have, eV, = h(v —v,), V= ~v+ (- ;)vo

~ Graph of V; with v is a straight line and slope (h/e) is a constant.
¢) According to Einstein's photoelectric equation (KE,,,, = hv — ¢,), KE is independent

of intensity.

6.4x1071°
8.a)KEmax hv—¢0=a—¢o—m—23—17eV

b)W =eEd =1.6 x 1071 x 2 x 10?2 x 0.02 = 4 eV
¢) KE . < W, No, photoelectrons will not reach the collector plate. The electric field does
more work than the electrons’ available kinetic energy, so they are stopped before reaching

the collector.
1227 _ 12.27

9.0)d = = 2 = 1.227 A°

b) Yes, diffraction will be observed if the wavelength is comparable to the atomic spacing
of the target material.
Calculated wavelength: 0.123 nm Atomic spacing: 0.2 nm
Since A~d, diffraction will occur.
d) When voltage is increased to four times, the wavelength is reduced
to half and hence fringe width decreases.

10. (1) Graph showing de-Broglie wavelength & associated with as a function

of V

(i1) Given, Potential difference V =400V
~ Energy =q - V=1.6x10" x 400 = 640x107"° J = 6.40x107'7 Joule.
de-Broglie wavelength A = 12.27/\V = 12.27/N400 = 12.27/20 = 0.6135 A = 6.135x10"' m
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CASE STUDY BASED QUESTIONS (4 MARKYS)
Case Study: Smart Door Lock with Fingerprint Scanner

1. In modern homes and offices, smart biometric door locks that use
fingerprint scanning have become popular. These devices work based on
the photoelectric effect, a concept that demonstrates the dual nature of
radiation. When you place your finger on the scanner, a beam of light,
usually from a laser or LED source, illuminates your fingerprint. The light
consists of photons (particles of light) that strike the surface of the finger.
The ridges and valleys of the fingerprint reflect this light differently. Some
parts absorb the photons, while others reflect them back to a sensor.

i. Why can't the wave theory of light alone explain the working of fingerprint
scanners based on the photoelectric effect?
(A) The wave theory fails to explain reflection of light.
(B) The wave theory does not account for the threshold frequency required to emit electrons.
(C) The wave theory suggests light can’t interact with electrons.
(D) The wave theory explains the continuous emission of light, not its speed.
ii. What would happen if the intensity of light increased but its frequency remains below the
threshold frequency in a fingerprint scanner?
(A) More electrons would be emitted with higher energy.
(B) The fingerprint image would become clearer.
(C) Electrons would emit with the same energy as before.
(D) The emission of electrons would not occur.
iili. How does the concept of de Broglie wavelength support the miniaturization and efficiency
of the fingerprint scanner’s electronic components?
(A) By allowing light to be diffracted and focused more accurately.
(B) By explaining how heat is dissipated in semiconductors.
(C) By enabling high-resolution imaging using wave properties of electrons.
(D) By reducing the speed of electron movement in circuits.

iv. Which technological limitation would most directly challenge the use of wave nature of
electrons in fingerprint sensor development?

(A) Requirement for extremely small de Broglie wavelengths for high resolution
(B) Slow scanning speed

(C) Difficulty in focusing particle beams

(D) Interference from ambient light

OR

Suppose a new fingerprint scanner is designed using blue light instead of red light. What would
be the most likely outcome regarding the photoelectric effect?

(A) The emitted electrons would have lower kinetic energy.

(B) The emission of electrons would decrease due to lower intensity.

(C) The emitted electrons would have higher kinetic energy due to higher photon frequency.
(D) The resolution of the scanner would decrease.

Case Study: Automatic Sliding Doors
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2. Automatic sliding doors are now a common feature at the entrances of supermarkets and
malls. These doors open when a person approaches. One common mechanism
used in such systems is an infrared motion sensor, which detects changes in
infrared radiation emitted or reflected by a human body. These sensors rely on
the particle nature of light (photons) to detect motion. The human body emits
infrared radiation, and when this radiation is incident on a photodiode or
sensor, it gets absorbed, causing electron excitation and the generation of a
signal. ;

i.  Why is infrared radiation suitable for motion detection in automatic doors, considering the
concept of dual nature of light?

(A) Because it consists of photons that can be detected by a photoelectric sensor
(B) Because it is not absorbed by human skin

(C) Because it reflects better than visible light

(D) Because it has the highest frequency among radiations

ii. How does the photoelectric effect contribute to the function of motion sensors in automatic
doors?
(A) It enables light waves to diffract around the human body
(B) It measures temperature differences
(C) It causes infrared photons to trigger electron emission in the sensor
(D) It allows the human body to reflect visible light better
iii. If the frequency of infrared radiation emitted by the human body were lower than the
threshold frequency of the sensor’s material, what would happen?
(A) The sensor would detect motion faster
(B) The door would open before the person arrived
(C) No electrons would be emitted, so the door wouldn't open
(D) More current would be generated
iv. Which property of electrons is exploited when using electron beam microscopes to design
sensor components for automatic doors?
(A) Their energy levels (B) Their mass (C) Their wave-like nature (D) Their charge only
OR
A new sensor is developed with a material having a higher work function. What change must be
made to ensure continued efficient operation using the same infrared radiation?
A. Reduce the ambient temperature B. Increase the intensity of radiation
C. Decrease the distance from the sensor. D. Increase the frequency of incident photons
ANSWERS
1. 9)B i1) D ii1) C iv)Aor C
2. 1A i1) C ii1) C iv)CorD
LONG ANSWER TYPE QUESTIONS (5 Marks)

1. a)Light of a particular wavelength does not eject electrons from the surface of a given metal.
Should the wavelength of the light be increased or decreased in order make ejection of

electrons possible? Justify.
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b) In an experiment on photoelectric effect, the emitter
and the collector plates are placed at a separation X X.--X

of 10 cm and are connected through an ammeter C % x " @) Ecm
without any cell. A magnetic field B exists parallel to

the plates. The work function of the emitter is 2.39 eV and the light incident on it has
wavelengths between 400 nm and 600 nm. Find the minimum value of B for which the
current registered by the ammeter is zero. Neglect any effect of space charge.

2. a) A particle of mass M at rest decays into two particles of masses m, and m, having non-
zero velocities. What is the ratio of de Broglie wavelengths of the two particles?

b) Determine the value of the de Broglie wavelength associated with the electron orbiting in
the ground state of hydrogen atom. How will the de Broglie wavelength change when it is
in the first excited state?

3. a) A beam of monochromatic radiation is incident on a photosensitive surface. Answer the
following questions giving reasons:

(1) Do the emitted photoelectrons have the same kinetic energy?

(i1) Does the kinetic energy of the emitted electrons depend on the intensity of incident
radiation?

(i11) On what factors does the number of emitted photoelectrons depend?

b) A satellite in space is fitted with a photoelectric sensor to detect solar flares. The sensor uses a
metal surface with a work function of 2.2 eV & is exposed to solar radiation of wavelength 330
nm. The emitted electrons are collected in a spherical metal shell of radius 10 cm that surrounds
the sensor plate. Due to limited power on the satellite, no external electric field is used to collect
the electrons. Instead, the sensor relies on the natural motion of photoelectrons. As electrons
accumulate on the shell, they develop a negative potential that begins to repel further
photoelectrons. Calculate the maximum charge that can accumulate on the spherical shell before
photoemission stops.

ANSWERS

1. a) The wavelength should be decreased because photon energy is inversely proportional to
wavelength (E=hc/A). Decreasing the wavelength increases the energy of incident photons,
making it possible to overcome the metal’s work function and eject electrons.

b) po=2.39%ev 11 =400 nm, A =600 nm
for B to be minimum, energy should be maximum .. 4 should be minimum (i.e. 41)

hc

K = T ¢o =3.105—-2.39 =0.715eV = 1.144 x 10719]

The presence of magnetic field will bend the beam and there will be no current if the electron
does not reach the other plate.

my _VZmK _ o VZmK _ V2X91x107T x 1144 x 107

"T T ¢ a 16 x 10~ x 0.1 =285 x 1077
2. a) According to the law of conservation of momentum, the momentum of a system remains
conserved.
Mv = mvy + myv, = 0 = mvy + My, = MV = —Myv,

hc hc A
_=_=>_1=1

So, we can write = =
b b pl p2 Al AZ AZ
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b) In ground state, the kinetic energy of the electronis, K = 13.6 eV = 2.18 x 10718
h 6.63 x 10734

Ao = = =332x107"%m
V2mK  vV2x9.1x10731x2.18x 10°18
In the first excited state, K = % = % sowegetd; =2 XA, =6.64%x1071m

3. a) (1) No, the emitted photoelectrons do not have the same kinetic energy because some
electrons lose part of their energy overcoming the surface barrier inside the material.
(i1) No, the kinetic energy of the emitted electrons depends only on the frequency of the incident
radiation, not on its intensity.
(i11) The number of emitted photoelectrons depends on the intensity of the incident radiation

and the area exposed.
hc _ 6.63x10734x3x108

b)E=—= =6.03 x 10719

A 330%x1079
¢p=22elVl =22 x1.6X 10719 =352 %x 1071

KEmax =FE - d) = 6.03 X 10_19 —3.52 % 10_19 =251 % 10—19]
KEmax  2.51x1071°

Stopping potential, V, = = Texio D = 1.57V
V_kq=> _Vr_l.57><0.1_175x10_116
~ 7 79Tk TTox100 T
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Incident
light (hv)

Su /7

When light of suitable frequency
falls on a metal surface, electrons
are emitted from the surface. These
emitted electrons are called
photoelectrons.

-

Metal surface

"

Kmax = hv — ¢
eVy = hv — ¢
$o

vy =

1
K. o = e muy?

= Work function (eV)

= Stopping potential (V)
= Threshold frequency
= Threshold wavelength

Light

mhv

» One photon of energy hv interacts

z s o 3. Stopping potential 4. Saturation current h
Entire energy is transferred. vs Frequ y vs Intensity A= — (Wavelength)
« If hv = ¢y, electron is emitted
with kinetic energy K :
e = ;.: S = s )= i (For non-relativistic
a = = muv particles)
PHOTON & RADIATION = 'E 5 E
£ 8 § 3 A = de Broglie wavelength
« E=hv (Energy of photon) = p = Momentum of particle
hc [} v, ‘ m = Mass of particle
SE&E W Fm:uem:y w Intensity (Io} v = Velocity of particle
3 Fe hv (MEmantiin) = * M exhibits dual nature: |
c . P . py Particles at one scale and
h + I (Saturation current) increases with intensity. waves at microscopic scale.
Ji &f, * Vo (Stopping potential) i with frequency.

h
c

DUAL NATURE OF
RADIATION AND MATTER

CBSE Class XIl Phy

1. PHOTOELECTRIC EFFECT 2. EINSTEIN PHOTON THEORY 3. EXPERIMENTAL GRAPHS

Light consists of tiny packets
of energy called photons.

Photon

‘\\‘d

cument (1)

Photoelectric

with one electron.

1. Photoelectric
current vs Intensity

Intensity (I5)

4. de BROGLIE
MATTER WAVES

Particles like electrons show
wave nature. Proposed by
Louis de Broglie.

@ — N/

de BROGLIE RELATION

2. Photoelectric
current vs Collector
potential

Saturation
1 current (1)

Photoelectric

v
® Collector potential (V)

= 6.626 x 10~™ J g (Planck's constant)
=3 x 10° ms~" (Speed of light) .

+ Photoelectric current becomes zeroat V =

—V,.

&>

OBSERVATIONS IN PHOTOELECTRIC EFFECT

During electromagnetic
wave experiments,
Hertz observed that
‘ sparks across the
detector were
strengthened when
the metal plate was
illuminated by
ultraviolet light.

L

A. HERTZ' OBSERVATIONS (1887)

B. HALLWACHS & LENARD OBSERVATIONS
(1888 — 1902)

C. EXPERIMENTAL OBSERVATIONS (GENERAL)
Q1 Photoelectric current is directly proportional

» Electrons are emitted
from the zinc plate.

to intensity of incident light (for v > wy).

o - For a given metal, there is @ 2. Maximum kinetic energy (K., ) depends on
a minimum frequency frequency of light, not on intensity.
/ (Threshold frequency v/o) @ 3. Stopping potential is independent of
below Whlcdh ne electrons intensity but depends on frequency.
itted, tte
:;eweg;e:se &l?;ht_ 4 @ 4. There exists a threshold frequency (v ) for
Zinc plate - Emi AT AT O each metal below which no photoelectrons
(~ 10-% s). are emitted.

Conclusion: Ultraviolet light enhances I
the electric discharge. (First observation i
of photoelectric effect) |

P
i

Depends on nature of

material and frequency,
not on intensity.

Conclusmm EKISth of threshold frequency
and instantaneous emission.

Photoelectric emission is instantaneous
(~ 107 s or less).

Current rises with collector potential and
becomes constant (saturation current).

@ 5.
@ 6

(Einstein's Photoelectric Equation) (Interference, (Photoelectric — —
- Diffraction) * LIGHT —>__  Effect)
| = If hv < ¢p —* Mo emission LAWA WL ~Q
lelf hv =g — Kpox =0 3o g
| (threshold condition) ~ 0 f = :I(Ph::’" i"‘:’z::
| elf he > ¢pg —» Kpax >0 = S e e g
b s il s v > v for emission
= _ = L S
il
i ® Light has dual nature - wave nature (interference, diffraction) and particle nature (photoelectric effect).
IMPORTANT #® Photoelectric effect can be explained only by particle nature of light (photon theory).
POINTS | ® Matter also shows wave nature (de Broglie hypothesis).
i\ ® Dual nature is a fundamental concept of quantum physics.

[

EINSTEIN'S PHOTOELECTRIC EQUATION
According to Einstein,

Overcoming work
funchurl (¢u

hv = ¢0 + Kmax

+

( Kinuﬁcienergyuf
electron (K o)

PARTICLE NATURE OF LIGHT (PHOTON)

@

= Light behaves as particles called photons.

+ A photon has zero rest mass and travels
at speed ¢ in vacuum.

Energy of photon: E = hy

£ e i
P c A
Intensity of light depends on number of
photons (more photons — more intensity).

WAVE-PARTICLE DUALITY
WAVE NATURE PARTICLE NATURE

Momentum of photon:

[ de Broglie Relation
NP Al
P mv

MATTER WAVES

Louis de Broglie proposed that every moving
particle is associated with a wavelength.

These waves are called matter waves.

These waves are different from electromagentic
waves and are important at microscopic scale.

where, h = 6.626 x 107M Jg

p= mumsrm.lm, m = mass, v = uulocrty

Key Points about Matter Waves

# As momentum increases, A decreases.

% As mass increases, A decreases.

# Matter waves are significant for electrens,
protons, neutrons at microscopic scale.

66
Light is both a wave

and a particle.
Matter is also

both a particle
and a wave.
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CHAPTER 12

-

RUTHERFORD'S ATOMIC MODEL

a—particle scattering experiment

a-particles

On the basis of the a-particle scattering
experiment, Rutherford made the
following observations:

0 The entire positive charge and almost
entire mass of the atom is concentrated
at its centre in a very tiny region of the
order of 10715 m, called nucleus.

e The negatively charged electrons.
revolve around the nucleus in
different orbits.

0 The total positive charge on nucleus is
equal to the total negative charge on
electrons. Therefore, atom as a whole
is neutral.

The centripetal force required by
electron for revolution is provided by
the electrostatic force of attraction
between the electron and the nucleus.

5. QUANTITIES IN BOHR MODEL 6. HYDROGEN SPECTRUM SERIES

Each element emits a spectrum of radiation, which is characteristic of
the element itself. The spectrum consists of a set of isolated parallel
lines and is called the line spectrum.

2. SCATTERING GEOMETRY
& RUTHERFORD FORMULA

Distance of Closest Approach

1 2Ze?
ro = —— ——
4me, Eg

where, E, = kinetic energy
of the a-particle.

Impact Parameter
The of the veloci
vector of a-particle from the central line
of the nucleus, when the particle is far
away from the nucleus is called
impact parameter.

o= ,,Q e

b
. | —

b = impact parameter

h =

Rutherford's Scattering Formula

N(B)  nZ2e%t 1
Ni ~ 1672e2E? sin(0/2)

| where, N(B) = number of a-particles
scattered at angle &
N = total number of a-particles

reaching the screen
number of atoms per unit volume
in the foil
Z = atomic number
E = kinetic energy of the a-particles
t = foil thickness

@ Radius of r= i h_ @ n—
orbit 4nimKZe® r4
| where,
" 2 = principal
Velocity of _ 2nKZe s
) 6 ‘ A d v = T v = quantum number
| h = Planck’s
(‘ Frequency of _ kzZe? _ an?z?e*mi? SEL
| electron nhr n3p3 m = mass of
electros
e 2m?metZ?K?  13.622 3
| Kinetic energy E = ZR-meT£ K" 13.62 i 1
(E) LI n2h2 Tl K= —,
| L} 4mEg
Potential energy . _ 4n*me*Z?K?  27.2Z Z = atomic
| (E,) Ll T B niinbes
| e = electronic
Total energy Eo- 2n’me’Z?K? _  13.627 il ichroe
(E) n2h? n?
22
= Eax - ?

Quantization of Energy (Particle in a Box)

In quantum mechanics, the energies of a system are discrete or quantized.
The energy of a particle of mass m confined to a box of length L can have
discrete values of energy given by the relation

L

e=16x10"C
(Electronic charge) e/

m, = 9.11 x 1073 kg (
(Mass of electron) b

3. LIMITATIONS OF
RUTHERFORD MODEL

4. BOHR'S
ATOMIC MODEL

@ About the Stability of Atom

According to Maxwell's electromagnetic
wave theory, electron should emit
energy in the form of electromagnetic
wave during its orbital motion.

= Electron can revolve in certain non-radiating
orbits called stationary orbits for which the
angular momentum of electron is an integer

Therefore, radius of orbit of electron
will decrease gradually and ultimately
it will fall in the nucleus.

e About the Line Spectrum
Rutherford atomic model
cannot explain atomic
line spectrum.

" h
multiple of 3r

nh

mvr =
2w

where n =1, 2, 3, ... called principal
quantum number.

= Radiation of energy occurs only when
electron jumps from one permitted orbit
to another permitted orbit.

| hv=E,—E,

where E, and E, are energies of
electron in orbits.

o | = ‘When electron jumps Region
3 — fromn=2 3,4, .. Ultra violet
Lyman - orbit to n = 1 orbit,
e | Lymon s IIII-
. Lyman series is
(UV region)
. 1 X ¥ ¥ obtained.
9 N = 00— When electron jumps Region
" 3 from n=3,4,5, .. Visible
Balmer 3 orbit to n = 2 orbit,
Series then a line of |
(Visible region) Balmer series is
i — obtained. |
9 e —————— ‘When electron jumps Region
4 from n = 4,5, 6, ... Infrared
Paschen 3 orbit ta n = 3 orbit,
Series 2 then a line of
(IR region) Paschen series is
1 obtained. I
|
o yimpoo: ——————— When electron jumps Region
5 l I | from n=5,86,7, .. Infrared
Bm‘_:keu 4 orbit to n = 4 orbit, [
Series S then a line of
(IR regicn) = Brackett series is
1 — obtained. I
e =80 When electron jumps Region
& [ from n=6,7,8, .. Infrared |
Pfund ) | ‘ | orbit to n = 5 orbit, [
Series 3 then a line of |
(IR region) 2 Pfund series is
1 obtained.

4

L | h=6.626x103% s
(Planck's constant)

&)

£, =8.854 x 1072 Fm™!
(Permittivity of free space)

1eV =1.602x 107"

eV
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MCQ’s WITH SOLUTION - ATOMS

1. When alpha particles are sent through a thin gold foil, most of them go straight through the
foil, because
(a) o is +ve charged (b) Mo > M.
(c) Most part of an atom is empty space (d) o moves with high velocity
2. In an experiment of scattering of alpha particle showed for the first time that the atom has,
(a) Electron (b) Proton (c) Neutron (d) Nucleus
3. In Geiger Marsden experiment, expression of distance of closest approach to the nucleus of
an a particle with KE ‘K’ before it comes to momentarily at rest & reverse its direction is,
(a) 25 (b) 2= (022 (d) 22
4amegK 2megK 250K 49K
4. The angular momentum of the electron in the nth allowed orbit is;
Ph h 2h nh
(a) — (b) o (c) — (d) o
5. In equation, what does this E,, = — % eV, negative sign indicates.
(a) Electrons are free to move (b) Electron is bound with nucleus.
(c) Kinetic energy is equal to potential energy (d) Atom is radiating energy
6. Kinetic energy of electron in hydrogen atom is
e? e? e3 e?
(a) ATTEYT (b) 8megr (C) 8megr (d) 3mEQT
7. Energy required to excite an electron in hydrogen atom to its ground state to its first excited
state is .
(a)6.2eV (b) 3.40 eV (c)10.2eV (d)-13.6 eV
8. What is the angular momentum of an electron revolving in the 3™ orbit of an atom?
(a) 31.5 x 107* J-sec (b) 3.15 x 1034 J-sec
(c) 315 x 103 J-sec (d) 0.315 x 1034 J-sec

9.

If the electron in hydrogen atoms is excited to n = 5 state, the number of different frequencies
of radiation which may be emitted is:

(a)4 (b) 10 (c)8 (d)5
10. Energy level diagram of an element is given:- Which Tr -0.85eV
transition corresponds to the emission of a spectral line of wave sl c] 1.5eV
length 102.7 nm ~ —[— eV
(A A (b)B (c)C (dD —_— 136V
11. In Geiger-Marsden scattering experiment, the trajectory traced by an a-particle depends
on
(a) number of collisions (b) number of scattered a-particles
(c) impact parameter (d) none of these

12. The first model of the atom was proposed in 1898 by

(a) Ernst Rutherford (b) Albert Einstein  (c) J. J. Thomson (d) Niels Bohr

13. In Bohr's model of the hydrogen atom, the radius of the n'" orbit ry, is related to the
principal quantum number n as

(a) mon (b) o I/n (¢) rn X n? (d) o 1/n?

14. Which of the following spectral series of hydrogen atom lies in the visible region of the
electromagnetic spectrum?

(a) Lyman series (b) Balmer series (c) Paschen series  (d) Brackett series

15. Ground state energy of H- atom is —13.6 eV. Energy required to remove an electron
fromn=21s

(a) 10.2eV (b) 34¢eV (c) 6.8eV (d) 0eV
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ANSWERS
1lc, 2.d, 3.b, 4.d, 5b, 6.b, 7.c, 8.b, 9.b, 10.d,
11.c, 12.c, 13.c, 14.b, 15.b

ASSERTION AND REASON TYPE QUESTIONS

Directions: These questions consist of two statements, each printed as Assertion and Reason.
While answering these questions, you are required to choose any one of the following four
responses.

(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the

Assertion.

(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the

Assertion.

(c) If the Assertion is correct but Reason is incorrect.

(d) If both the Assertion and Reason are incorrect.

1. Assertion (A): According to Bohr’s theory in the hydrogen atom, the electron revolves in
circular orbits.
Reason (R): The centripetal force is provided by the electrostatic attraction between the
proton and the neutron.

2. Assertion (A): The frequency of radiation emitted or absorbed by an atom is related to the
difference in energy between two energy levels.
Reason (R): The energy of the photon emitted or absorbed is equal to the difference in
energy between the two levels.

3. Assertion (A): The ground state of an atom is its highest energy state.
Reason (R): In the ground state, the electron occupies the farthest possible orbit to the
nucleus.

4. Assertion (A): The Bohr model of the atom explains the line spectra of hydrogen atom.
Reason (R): The energy levels of the electron in the hydrogen atom are quantized, leading
to discrete spectral lines.

5. Assertion (A): The angular momentum of an electron in a Bohr orbit is quantized.
Reason (R): The angular momentum of the electron is an integral multiple of h/4mx.

6. Assertion (A): The emission spectrum of an element is characteristic of the element.
Reason (R): The energy levels of electrons in an atom are unique to each element.

7. Assertion (A): The ionization energy of an atom is the energy required to remove an
electron from the atom in its ground state.
Reason (R): Ionization energy is a measure of the binding energy of the protons in the
ground state.

8. Assertion (A): The wavelength of light emitted in an electronic transition is inversely
proportional to the energy difference between the initial and final states.
Reason (R): The energy of a photon is inversely proportional to its wavelength.

9. Assertion (A): The energy levels in an atom are quantized due to the wave nature of
electrons.

Reason (R): Electrons exhibit both particle and wave properties

10. Assertion (A): Distance of closest approach of a-particle to the nucleus is always greater
than the size of the nucleus.

Reason (R): Strong nuclear repulsion does not allow a-particle to reach the surface of

nucleus.
ANSWERS

l.e, 2.a, 3.d, 4.a, S5.¢, 6.a, 7.c¢c, 8a 9.b, 10.d

ZIET MYSURU-SSM PHY SICS-X11-2026-27




SHORT ANSWER QUESTIONS: (02 MARKS)

1. What is the shortest wavelength present in Paschen series and Balmer series of H-spectrum?

2. In the Rutherford’s scattering experiment the distance of closest approach for an o —particle
is do. If a —particle is replaced by a proton, how much kinetic energy in comparison to o
particle will it require to have the same distance of closest approach do?

3. Find the ratio of Bohr’s radius in ground state and 1*' excited state of H-atom?

4. The value of ground state energy of hydrogen atom is -13.6 eV. (i) what does the negative
sign signify? (ii)). How much energy is required to take an electron in this atom from the
ground state to the first excited state?

5. Use Rydberg formula to determine the wavelength of Hy & Hp line. R =1.03 X 10" m?)

6. Calculate the shortest wavelength of the spectral lines emitted in Balmer series.

7. When an electron in hydrogen atom jumps from the third excited state to the ground state,
how would the de Broglie wavelength associated with the electron change? Justify your
answer.

8. Show that the radius of the orbit in hydrogen atom varies as n?, where n is the principal
quantum number of the atom.

9. Using Bohr’s postulates, obtain the expression for the total energy of the electron in the
stationary states of the hydrogen atom. Hence draw the energy level diagram showing how

the line spectra corresponding to Balmer series occur due to T =4
transition between energy levels. me3
10.The figure shows energy level diagram of hydrogen atom ! S

(a)Find out the transition which results in the emission of a
photon of wavelength 496 nm.
(b)Which transition corresponds to the emission of radiation
of max wavelength ? Justify.
SOLUTIONS FOR SHORT ANSWER QUESTIONS: (02 MARKS)

1. Using the Rydberg formula: =R (iz - %),
A ng n
for Balmer Series nf=2 & nj=oo,
t=R(3-25)=>1=2=>3646mm
A 22 002 R

Similary for Paschen Series n=3 & nj=00,
1 1 1 9
2=R(Z-25)=1=2=>820mm

A 32 2 R
1 (Ze)(2e) _ 1 (ze)e) _ _1
2. Ka = _417:80 T dy s Kp = _417:80 ._do > Kp =3 Ka

3. Ratio of Bohr’s Radius in Ground State and First Excited State
Radius of nth orbit: , = agn? For ground state: n = 1, 1, = a,

For first excited state:n = 2, r, = 4a, Therefore, :—2 = 4;2 =4,|rp:r =4:1
1 0

4. Ground State Energy of Hydrogen Atom = —13.6 eV
(i) Meaning of Negative Sign - The negative sign shows that the electron is bound to
the nucleus by electrostatic force.
(ii) Energy Required for First Excited State
—-13.6

Ground state: EF; = —13.6eV => First excited state: E, = =
Required energy: AE = E, — E; = (—3.4) — (—13.6) = 10.2eV=>{10.2¢V

—3.4¢eV
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5. Wavelength of H, and Hg Using Rydberg formula: % =R (% — %)
1 2
(i) H, line Transition: n, =3, n; =2

1=1.03x%107 (1—1) =1.03x10" x>~ => 1~656x10""m. =>[A; = 656nm
A 4 9 36 a

= 1.03 x 107 G—f—G) = 1.03 x 107 x%

1
A
A~ 486x1077 = AHﬁ = 486 nm

6. Shortest Wavelength in Balmer Series

(ii) Hp line -Transition: n, = 4, n; = 2.

For shortest wavelength: n, =0, n =2=> % =R G)
A=2=—=4x10"7m=>[1=400nm

7. Change in de Broglie Wavelength
de Broglie relation: 2nr =nd => 1= Z%r => Since: 1, « n? => therefore 1 x n

When electron jumps from n = 4 to n = 1, the de Broglie wavelength decreases.
8. Show that Radius Varies as n”

. . . mv? 1 e?
Electrostatic force provides centripetal force: — = =
r 4TTEY T
. . o . nh . . 2.2.2 n2h2
Bohr quantization condition: mvr = P => Squaring: m“v°r® = - —
2
Using: mv? = y & Substituting, we get r « n?
0
9. Expression for Total Energy of Electron
2 2
Electrostatic force: —o = — e—z & we know Kinetic energy: K = 2 mv?
r 4TTEY T 2
2 2
Using force equation: K = , Potential energy: U = — —
87T80T 47'[807'
2 2 2
Total energy: E=K+U=> E =  ___° = E=-——— &hence, E, =
87'[807' 471'807' 871'807'
— 1;6 eV
n
Balmer Series Energy Level Diagram
N=00 ———mmmmmmmoo
I I l
N=4 - l
N=3 -mmmmmmmmmee l
I « Balmer Series

1’1 = ]| oo

10. Energy Level Diagram
(a) Transition for 496 nm : 496 nm belongs to Balmer series: n, = 4,n, =
2 i.e. (42

(b) Transition Corresponding to Maximum Wavelength Using: F = %

Maximum wavelength corresponds to minimum energy difference. Hence transition:

gives maximum wavelength.
Short Answer Type Questions: (03 MARKS)

1. Write two important limitations of Rutherford model which could not explain the observed
features of atomic spectra. How were these explained in Bohr’s model of hydrogen atom?

Use the Rydberg formula to calculate the wavelength of the Ha line. (Take R = 1.1 x 107 m_l)
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2. Calculate the shortest wavelength in the Balmer series of hydrogen atom. In which region
(infra-red, visible, ultraviolet) of hydrogen spectrum does this wavelength lie?

3. Show that the radius of the orbit in hydrogen atom varies as nz, where n is the principal

quantum number of the atom.

4. An a-particle moving with initial kinetic energy K towards a nucleus of atomic number z
approaches a distance ‘d’ at which it reverses its direction. Obtain the expression for the distance
of closest approach ‘d’ in terms of the kinetic energy of a-particle K.

5. Using Rutherford model of the atom, derive the expression for the total energy of the electron
in hydrogen atom. What is the significance of total negative energy possessed by the electron?

6. (1) A hydrogen atom initially in the ground state absorbs a photon which excites it to the n = 4
level. Determine the wavelength of the photon.

11

(ii) The radius of innermost electron orbit of a hydrogen atom is 5.3 x 10 "m. Determine its

radius in n = 4 orbit.
7. (i) In hydrogen atom, an electron undergoes transition from 2 excited state to the first excited

state and then to the ground state. Identify the spectral series to which these transitions belong.
(i1) Find out the ratio of the wavelengths of the emitted radiations in the two cases.

8. The ground state energy of hydrogen atom is — 13.6 eV. What are the kinetic and potential
energies of electron in this state?

9. Find the ratio of energies of photons produced due to transition of an electron of hydrogen
atom from its second permitted energy level to the first permitted level and the highest permitted
energy level to the first permitted level.

10. Calculate the wave number, wavelength and frequency of the spectral line of hydrogen for
the transition from n, =4 ton; =2 (given R =1.097 x 10’ m™)

ANSWERS

Q.1 Rutherford Model and H,, Line
Limitations of Rutherford Model
(1) Stability of Atom:- According to Maxwell’s electromagnetic theory, an electron
revolving around the nucleus should continuously radiate energy. Hence its orbit should
shrink and finally the electron should fall into the nucleus. Therefore Rutherford model
could not explain stability of atom.
(i1) Atomic Spectra :- Rutherford model could not explain discrete line spectra of
hydrogen atom. According to classical theory, atom should emit continuous spectrum.
Explanation by Bohr’s Model
(1) Stable Orbits- Electrons revolve only in certain permitted stationary orbits without
radiating energy.
(i1) Quantized Energy Levels:- Radiation is emitted or absorbed only when electron
jumps between two stationary orbits. Hence discrete spectral lines are obtained.

Calculation of H, Line : Using Rydberg formula, =R (iz - iz)
A ni n;

i — -3 = 1_ 7(1_1) = 7w 2 — 6
ForHg line,ny =2, m,=3 => ;=11x10 (4 9)_1.1><10 x = = 1528 10

A=—— —>[1~654%x10"7 m|or[1 ~ 654 nm

1.528x10°
Q.2 Shortest Wavelength in Balmer Series : For shortest wavelength, n; = 2, n, = o
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. 1 N g 4__ 4+
Using Rydberg formula, T=R (Z)_> A= R 1.097x107

|/1 ~ 3.646 x 1077 m| or A ~ 364.6 nm| This wavelength lies in ultraviolet region.

. . . . . . mv? 1 e?

Q.3 Radius of Orbit varies as n? => Electrostatic force provides centripetal force,T lr—
0
. . .. nh . 2..2..2 lehz . 2
Bohr quantization condition, mvr = pnli Squaring, m“v*r- = pp Using, mv* =
s Ys
eZ
4ATEGT
gon?h?

Substituting, r = Thus, |7r, < n?| Hence proved.

mme?

Q.4 Distance of Closest Approach
At closest approach, entire kinetic energy converts into electrostatic potential energy.

Initial kinetic energy,K  Potential energy at distance d, U = 4:8 (ze{‘l(ze)
0
2 2
Equating energies, K = e Therefore, |d = 12
4—TL’EO d 47'[80 K
Q.5 Total Energy of Electron in Hydrogen Atom
2 2 2
Electrostatic force provides centripetal force, L e—z Hence, mv? = —
r 4mMEY T 4mEYT
2 2
Kinetic Energy. K = Smv? = K =-2 &. Potential Energy U = — -
2 8megr 4TTEGT
e? e? e?
Total Energy. E=K+U => E = — = E=-—
8megr 4mEYT 8megr

Significance of Negative Energy
Negative sign shows that electron is bound to the nucleus. Energy must be supplied to remove
the electron from atom.

Q.6 Wavelength of Photon absorbed Energy of electron in nth orbit, E,, = — % eV
Ground state n=1, E; = —13.6 eV Forn=4, E, = % = —0.85¢eV

Energy absorbed, AE = E, — E; = (—0.85) —(—13.6) =12.75¢eV

Using, A = % =1 =i4(; =>

(i) Radius of n = 4 Orbit - Given, r; = 53 x 10~ m

Using, 1, =n’ry, =>7,=16x53x107"1 => |r, =848 x 107" m|

Q.7 Spectral Series: (i) Spectral Series - Second excited state, n = 3, Transition, 3 = 2

belongs to Balmer series.
Transition, 2 — 1, belongs to Lyman series.

. ) .1 11 1 1 1 5R
(i1) Ratio of Wavelengths. Using, 1= R (n—% — n—%) For 3 — 2, = R (Z — ;) =2
1 1 3R A1 27
For 2 —» 1’Z= R(l _Z) =— => Thus, A—:= < » hence |Al:22 = 27:5|
Q.8 Kinetic and Potential Energies: Given, E = —13.6 eV
Relation, K = —E =>K = 13.6 eV Potential energy, U = 2E => U = 2(—13.6)

=>[U = —272¢eV] Thus,[K =13.6eV] & [U=-27.2¢eV]
Q.9 Ratio of Energies of Photons
For transition 2 - 1, E, = —-3.4eV &. E; =-13.6¢V
Photon energy,AE; = 10.2 eV
A5, _ 102 _3

For transitionco —» 1, E,, =0 & AE, = 13.6 eV Therefore, — = =
AE, 136 4

Q.10 Wave Number, Wavelength and Frequency: Given,n, =4, n; =2
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Using Rydberg formula, 7 = R (; = =) = 1.097 x 107 x = => [7 = 2.057 x 10° m"]

16
1 1 _
Wavelength - 1= - =-—— =>[1=14.86 x 10”7 m|or[486 nm

Frequency. Using, v = ¢ = 3 X 108 x 2.057 X 106 => |v = 6.17 x 10'* Hz|

CASE BASED QUESTIONS
(a) The spectral series of hydrogen atom were accounted for by Bohr using the relation

% =R (ni% — ni%), where, R=Rydberg constant = 1.097 x 10" m™!. Lyman series is obtained
when an electron jumps to first orbit from any subsequent orbit. Similarly, Balmer series is
obtained when an electron jumps to 2™ orbit from any subsequent orbit. Paschen series is
obtained when an electron jumps to 3™ orbit from any subsequent orbit. Whereas Lyman
series in U.V. region, Balmer series is in visible region and Paschen series lies in infrared
region. Series limit is obtained when n2=co.

(1) What is the ratio of minimum to maximum wavelength in Balmer series?

(a) 5:2 (b) 5:9 (c) 5:8 (d)9:5
(i1) Which series of hydrogen spectrum can we see through naked eye?
(a) Laymen (b) Balmer Series (c) paschan  (d) none
(ii1) What is the wavelength of first spectral line of Lyman series?
(a) 12154 (b)5121.4 (c)2115.4 (d) 4211.5
(iv) What is the frequency of first spectral line of Balmer series?
(a) 4.57 x 10 Hz (b)5.57 x 10" Hz (c) 7.57x 10" Hz (d)0.57 x 10"
Hz

(b) Lyman series is obtained when an electron jumps to first orbit from any subsequent orbit.
Similarly, Balmer series is obtained when an electron jumps to 2" orbit from any subsequent
orbit. Paschen series is obtained when an electron jumps to 3™ orbit from any subsequent
orbit. Whereas Lyman series in U.V. region, Balmer series is in visible region and Paschen
series lies in infrared region. Series limit is obtained when ny=co.

(i) The wavelength of first spectral line of Lyman series is

(a) 1215.4 A° (b) 1215.4 cm (c) 12154 m (d)1215. 4 mm
(i) The wavelength limit of Lyman series is

(a) 951.6 A° (b) 511.9 A° (€)1215.4 A° (d)911.6 A°
(iii) The frequency of first spectral line of Balmer series is

(a) 1.097 x 107 Hz (b)457x10%Hz  (c)457x10°Hz  (d)4.57x 10'°Hz
(iv) Which of the following transitions in hydrogen atom emit photon of highest frequency?

(a)n=1 to n=2 (b) n=2 to n=6 (¢c) n=6 to n=2 (d) n=2 to n=1

(c) Electrons are revolving around the nucleus in particular stable orbits. The energy of the
electron is increasing as we go from the orbit closer to nucleus to outer side. The ground
state energy is the lowest energy and it is -13.6 eV for hydrogen atom. Thus, the minimum
amount of energy required to remove or free the electron from the ground state is the
ionisation energy and it has value +13.6 eV. When electrons jumps from higher energy orbit
to lower energy orbit emits energy in the form of photons which are in the form of spectral
lines and called as emission lines. The light emitted by the ordinary source of light consist
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of different wavelength. But the laser light is the monochromatic one which emits light of
single wavelength. In case of hydrogen atom, the ground state energy is that energy state for
which n = 1. And the states for which n > 1, all are the excited states. Where n shows the
principal quantum number.

(1) In hydrogen atom, the energy corresponding to principal quantum number n =2 is

(a)-13.6 eV (b)-34¢V (c) +13.6 eV (d) +3.4eV
(i1) For ground state of hydrogen atom the value of principal quantum number is
(a)n=2 (b)n=0 (c)n=1 (d) n = infinity

(ii1) The minimum energy required to remove the electron from the ground state of the
hydrogen atom is called as
(a) excitation energy (b) ionisation energy
(c)ground state energy (d)excited state energy

(iv) The acronym LASER stands for?

(a) Light Amplification by Simplification Estimation and Radiation
(b) Light Amplification by Stimulated Emission of Radiation.
(c) Light Amplification by Simulated Emission and Radio
(d) Light Amplifier by Stimulated Emission of Radiation.
ANSWERS
Q1 : (B (@)B (i)A (iv)A
Q2:- WA (m)C @Gi)C (@Gv)D
Q3:- 1B @) C ai)C (v)B
Long Answer Questions

1. (a) Write two important limitations of Rutherford model, which could not explain the
observed features of atomic spectra. How were these explained in Bohr’s model of
Hydrogen atom? Use the Rydberg formula to calculate the wavelength of Ha line of the
Balmer Series.

(b) Using Bohr’s postulates, obtain the expression for the radius of n™ orbit in hydrogen
atom.

2. (I) State Bohr’s postulates. Using these postulates derive an expression for the total energy
of an electron in n' orbit of an atom. What does negative value of this energy signify?
What is Bohr’s radius?

3. (I)Using Bohr’s postulates, derive the expression for the frequency of radiation emitted
when electron in hydrogen atom undergoes transition from higher energy state (quantum
number n;) to the lower state (nf).

(IT) When electron in hydrogen atom jumps from energy state ni=4 to n=3, 2, 1. Identify
the spectral series to which the emission lines belong.

ANSWERS

1(a) Limitations of Rutherford Model
1. Stability of Atom: According to Rutherford model, electrons revolve around the nucleus in
circular orbits. Since a revolving electron is an accelerated charge, it should continuously radiate
energy. Therefore: Electron would lose energy continuously, Radius of orbit would decrease,
Electron would finally fall into the nucleus. Thus, Rutherford model could not explain the
stability of atom.
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2. Atomic Spectra

Rutherford model predicted continuous radiation from revolving electrons. Hence it should
produce a continuous spectrum. But experimentally, hydrogen atom gives a line spectrum
consisting of discrete lines. Therefore, Rutherford model failed to explain atomic spectra.
Bohr’s Explanation

1. Stable Orbits: Bohr proposed that electrons revolve only in certain permitted circular orbits
called stationary orbits. In these orbits, electrons do not radiate energy, thus atom remains stable.
2. Explanation of Line Spectrum: Radiation is emitted or absorbed only when electron jumps
from one orbit to another. hv = E; — E

Thus only specific frequencies are emitted, giving discrete spectral lines.

Calculation of Wavelength of H, Line

For Balmer series: ny = 2, For Hy line: n; = 3, Using Rydberg formula: % =R (ni]% - n%)

>=1523x10°m™ => 1=656x10"m =>[1=656nm
1(b) Radius of nth Orbit: According to Bohr model:
2 2
Step 1: Electrostatic Force = Centripetal Force 47:6 i—z = %
0

Step 2: Bohr Quantisation Condition mvr = % =>v= ZZZW

) . 1 e?2 m( nh 2 . __ €on?h?
Step 3: Substitute Value of v pr (anr) on Solving, r,, = —

For hydrogen atom: 7,, = n%a,, Where. a, = 0.53 A. is called Bohr radius.

Answer - 2. Bohr’s Postulates and Total Energy

Bohr’s Postulates
1. Electrons revolve in certain stable circular orbits without radiating energy.
2. Only those orbits are allowed for which angular momentum is quantised: mvr = %
3. Radiation is emitted or absorbed when electron jumps from one stationary orbit to

another. hv = E; — Ef
Derivation of Total Energy

Total energy: E = K + U Where K = Kinetic Energy, U= Potentlal Energy

2 2 2
Step 1: Kinetic Energy ez = => my? Lo k= —mv L
4TEY T r 47‘[60 r 87'[60 r
. 1 e?
Step 2: Potential Energy. U = — pr—
2 2 2
Step 3: Total Energy E = K + U = L L sfp=->%
871'60 r 47'[60 r 87'[60 r
Substituting value of radius, E, = — % eV

Significance of Negative Energy

Negative sign indicates that electron is bound to the nucleus. Energy must be supplied to remove
electron from atom to infinity.

Bohr Radius :- Radius of first orbit of hydrogen atom is called Bohr radius. |a, = 0.53 A
Answer : 3. Frequency of Radiation Emitted : When electron jumps from higher orbit (n;) to
lower orbit (nf): hv = E; — Ef

Energy of nth orbit: E,, = — i,f eV =>.  Therefore, hv = 13.6 (iz - %) eV
n

Tlf n;
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1361 1
Hence,|v =— |5 —=
h ng  ng

Identification of Spectral Series

1. Transition: 4 — 3 This belongs to: |Paschen Series|
2. Transition: 4 — 2, This belongs to:{Balmer Series|

3. Transition: 4 — 1 This belongs to: |Lyman Series |

1. RUTHERFORD SCATTERING 2. RUTHERFORD NUCLEAR 3. BOHR MODEL & QUANTISATION HYDROGEN SPECTRU
EXPERIMENT MODEL OF ATOM & ENERGY LEVELS
Bohr's Postulates

Experimental Setu Ener: Lewvel Diagram
e Lo Zinc sulphide @) Electrons revolve around the nucleus o % e
¥ in certain stable circular orbits called e ] n=o0 lonisation
Source of = — \ stationary states without radiating limit (E = 0)
™. i Mucleus energy. _0.85 -
/ + ve charg,
& i /.i/'_" e haraR) | | % Only those arbits are allawed for which
ol | ] H :";;‘:";’“) angular momentum is quantised. -1.51 ——— n=32 Excited
Y \ p, ;S (=107""m
N ooV i ey B 2 ,] | b
a e /' 2 -3.40 b/ n=2
e f‘l:'!',:':: @) Radiation is emitted or absorbed only ‘
| when electron jumps from one orbit
to another.
Observations [ Salient Features S Fh - E, - E, ] -136 pb—«—— k= 1 i
round state

= Atom is mosthy empty space. |

Most a-particles pass straight undeviated.

| = Some are deflected through small angles. g i chabie afil alricSia | the e | Bohr Orbits in Hydrogen
d in tiny ] ; —_— -
| = Very few are deflected through large angles. o KW e W L P . Electron Hydmgn;e(: L_me; S?ectrum
F— ~4 mission

A wvery few (= 1 in 8000} rebound back.

mp Conclusion = Accelerating electron should radiate energy
and spiral into nucleus.

+ Cannot explain stability of atom.

- Cannot explain line spectra.

Tea-n=2
e =3 |
Y 1 |
P

s Lyman  Balmer Paschen  Brackett
| uv) (Visible) (IR) (IR)

Atom has a small, dense, positively charged nucleus
at the centre. Most of the space is empty.

IMPORTANT FORMULAE
B BOHR'S QUANTISATION . RADIATION 5 SPECTRUM

For hydrogen (Z = 1) "
z - w C. de BROGLIE EXPLANATION E; VETOCITLOF ELECTRON { T ( 1§ O il
A ng r

F = Electron behaves as matter wave. 5 n?
| dTEeg Only those orbits are allowed for 2.18 = 10° _ WS
o e Ta ~3 which a standing wawe is formed. vy, = ————————— m S L o
Centripetal force providing condition n R = Rydberg constant = 1.097 x 10" m
|’ 2rr, = nA

for circular motion _
- o = e ——— F. ENERGY OF ELECTRON A
mr® 1 e mass of electron | IN n** ORBIT R

CONDITION e -
tic force b nuch (+Ze) p = = 2 Frequency of radiation emitted when electron
and electron (—e) at distance r ‘Angularmomsgtumiis quantized fr — e ) jumps from higher level E; to lower level E,
/— - nh R T e
F 1 (Ze)(—e) mur = o— Bohr radius (for hydrogen) hy = E; — E,
_—— T 4 -t et a0
| AT Ey r2 i o ag = 0.53 A —=0.53x10""m
i o i Rydberg formula (for hydrogen spectrum)

e
r2

wawvelength of emitted line
Rydberg constant

m=
=i il = ool of dhectren
r 4mweo % i e i T3l n, = Initial orbit number (higher level)
n = orbit number (1, 2, 3, ...} E,6A = — = eV n, = Final orbit number (lower level)
h = Planek’s constant = n2
£o = Permittivity of free space
_ € = charge of electron y

ALPHA-PARTICLE SCATTERING RESULTS 4 noun ORBIT AS STANDING §
3. FAILURE OF RUTHERFORD MODEL MATTER WAVE

1. TRAJECTORIES OF a-PARTICLES 2. NUMBER OF PARTICLES
i VS SCATTERING ANGLE

A o

104 [Vary large number | | alectrodynamics, revolving
Number of scantored through electron should radiate
| scattered | small snghes. | energy continuously and
| partacles | spiral into the nucleus.
through large: e
angles.

o s0° 180° H Energy ,—Ff'

Scattering angle (8) radiated

HYDROGEN SPECTRUM SERIES ENERGY LEVELS SUMMARY sy QUICK MEMORY TRICKS S 2

Lyman Series ) e =1, m =234, ... = Ground state (rn = 1): Lowest energy, most stable.
(rgpoinvisninainein —2) = Excited states (n > 1): Higher energy levels.

= lonisation energy (from n = 1 to n = wo): 13.6 eV.

= Asnincreases: ¥, T, v, L, |Ea| L

7, oc nZ {Radius increases as square of n)
- 7, OcC 1/n (Speed decreases with n)
- E, oc — 1‘; 2 (Energy becomes less negative)

ne =20 =345, ..

Balmer Series (wisible)
{Transitions ending at n = 2)

Paschen Series (IR} n, = : B =n:.. s, :. =l
) L I ] = = Higher orbit — Higher energy — Less stable
eri e =4, 7, =5,6,7, ... — > ) )
Brackett Series (IR} e e . n 1t ] [ r 1;/ | v i] > |[FEI{ | = Line spectrum —» Electron jumps between levels

= Atom is mostly = Bohr orbits are = Radiation is emitted = Electron behaves as . Focus
IMPORTANT H empty space. stable. only during transitions, MAtter wave, ~ =
| I REVISE
POINTS | = Positive charge in | » Angular momentum = Explains line spectra. | = Standing wave explains
i tiny nuclews. i is quantised. i i quantisation. | SUCCEED
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CHAPTER 13

-(2)2[ WARM-UP: THINK LIKE A SCIENTIST|

CHAPTER

Nuclei

Before You Begin...
Q Observe & Predict

1.

Why do nuclei remain stable
despite the strong repulsion between
protons?

What would happen if the strong
nuclear force did not exist?

Why do lighter nuclei release more
energy by fusion, while heavier nuclei
release energy by fission?

Why are nuclear reactions used in
power plants to produce electricity?

If radioactive decay did not exist,
how would it affect the natural
balance of elements on Earth?

Atomic nucleus

Proton

Neutron

Nuclear fusion

CLASS 12 PHYSICS

I —
Binding energy
per nucleon (MeV)

Maximum binding
energy per nucleon
near Fe-56

1 10 10? 10°
Mass number (A)

Nuclear power plant

o Write your ideas before studying the chapter.

NUCLEI AROUND US &%

CHAPTER 13

Nuclei

Real-Life Connections

CLASS 12 PHYSICS

Application / Device

Nuclear Power Plant
(e.g., Tarapur, Kudankulam)

How Nuclear Science Is Used

Fission of heavy nuclei like 235U
releases large energy used to
generate electricity.

Medical Imaging
(PET Scan)
(e.g., Cancer diagnosis)

Radioactive tracers (like '®F) emit
positrons which help in imaging
internal organs.

Cancer Treatment
(Radiotherapy)
(e.g., Cobalt-60 therapy)

Radioactive isotopes emit gamma
rays which destroy cancer cells.

Smoke Detector
(e.g., 2'Am)

Alpha particles ionize air.
lonization current changes
when smoke enters.

Thickness Gauge
(Industries)

Beta particles pass through
materials. Their absorption
measures thickness.

Generator (RTG)
(e.g., in space missions)

Radioisotope Thermoelectric

Radioactive decay produces heat
which is converted into electricity
for spacecraft.

Did You Know? Nuclear science helps in producing energy, diagnosing diseases, treating cancer,
exploring space and even keeping us safe!

Atoms may be tiny,
; but their impact is huge!

ZIET MYSURU-SSM PHY SICS-X11-2026-27




10.

I1.

13.

MULTIPLE CHOICE QUESTIONS

A nucleus splits into two nuclear parts having radii in the ratio 1:2. Their velocities are in the ratio
(a) 8:1 (b) 6:1 (c)4:1 (d) 2:1

The radius of a spherical nucleus as measured by electron scattering is 3.6 fm. What is the mass
number of the nucleus most likely to be? (Given RO = 1.2 fm)

(a) 27 (b) 48 (c) 56 (d) 120

If the binding energy per nucleon of 2H and *He nuclei are 1.1 MeV and 7.0 MeV

respectively, then the energy released in the reaction °H + *H — *He is:

(a) 23.6 MeV (b) 28.0 MeV ()59 MeV (d) 25.2 MeV

The radius of a nucleus of mass number A is proportional to:

(a) A (b) A2 (c) AU (d) A2

Which of the following particles has the smallest de Broglie wavelength, if all move with the same
kinetic energy?

(a) Electron (b) Proton (c¢) Alpha particle (d) Neutron

If the nuclear radius of 2’Al is 3.6 Fermi, the approximate nuclear radius of **Cu (in Fermi) is:

(a) 2.4 (b) 4.8 (c) 3.6 (d)5.2

The nuclear density of all nuclei is approximately the same because:

(a) All nuclei have the same mass (b) Nuclear radius < A*(1/3) and mass o< A

(c¢) Nuclei are all spherical in shape (d) All nuclei have same number of protons

The mass number of an atom is 40 and its atomic number is 18. Which of the following is correct?
(a) 18 protons, 18 electrons, 18 neutrons (b) 18 protons, 18 electrons, 22 neutrons (c) 22 protons,
22 electrons, 18 neutrons (d) 40 protons, 40 electrons, 18 neutrons

The binding energy per nucleon is maximum for:

(a)2H (b) *Fe (¢) ®U (d) 2=Pb
The mass defect of a nucleus is Am. The binding energy per nucleon (for mass number A) is:
(a) Am-c?’/A (b) Am-c? (c) A-Am-c? (d) Am/(A-c?)

If the binding energy of deuteron is 2.23 MeV, the mass defect (in amu) of deuteron is
approximately:

(a) 0.0024 u (b) 0.0024 kg (¢) 0.024u (d) 0.24 u
Observe and Think:
Why do you think nature prefers iron (**Fe) to be the most stable nucleus? What advantages might

this provide in stars and galaxies?

Which of the following is NOT a correct statement about binding energy per nucleon?

(a) It is maximum for Fe-56 (b) It is nearly 8 MeV for nuclei in the middle of the periodic table (c)
It decreases with increasing mass number for very heavy nuclei

(d) It is always greater for heavier nuclei than lighter nuclei

In the graph of binding energy per nucleon versus mass number, two nuclei can release energy by:
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14.

15.

16.

17.

18.

19.

®

20.

(a) Fusion only (b) Fission only
(c) Either fission or fusion depending on their mass number
(d) Neither fission nor fusion

In a nuclear reactor, the function of the moderator is to:
(a) Absorb fast neutrons (b) Slow down fast neutrons to thermal energies
(c) Increase the energy of neutrons (d) Reflect neutrons back into the core

The energy released in nuclear fusion reactions is due to:

(a) Decrease in binding energy per nucleon

(b) Increase in binding energy per nucleon of the product over reactants

(c) Emission of gamma rays (d) Conversion of protons into neutrons

In the fission of #*°U by a slow neutron, one of the products is '“°Ba. What is the other heavy
fragment?

(a) *Kr (b) **Kr (c) *Kr (d) **Kr

Given below are two statements:

Statement I: The number of protons in an atom equals its atomic number Z.

Statement II: Isotopes of an element have same mass number but different atomic numbers.
In the light of the above statements, choose the most appropriate answer:

(a) Both Statement I and Statement II are correct

(b) Both Statement I and Statement II are incorrect

(c) Statement I is correct but Statement II is incorrect

(d) Statement I is incorrect but Statement II is correct

Nucleus X?¥ splits into two nuclei having the mass numbers in the ratio 2:1. The ratio of the radii
of those two nuclei is

(a) 2:1 (b) 1:2 (c)2'3:1 (d) 1:2173
The energy equivalent of 1 amu (atomic mass unit) in MeV is:
(a) 931 MeV (b) 1.6 MeV  (¢) 931 eV (d) 9.31 MeV

Creative Scientific Thinking

Imagine a world where fusion reactors become common in every city. How would transportation,
pollution, and electricity generation change?

In the nuclear reaction 21H + 2/H — *:He + n, the energy released is (given: mass of 2/H = 2.01410
u; mass of >2He = 3.01609 u; mass of n=1.00867 u; 1 u=931.5 MeV/c?):

(a) 3.27 MeV (b) 4.03 MeV (c) 2.23 MeV (d) 17.6 MeV
ANSWERS

1,a, 2.a, 3.a, 4.¢, 5.c, 6.b, 7.b, 8.b, 9.b, 10.4a,

11.a, 12.d, 13.¢c, 14.b, 15.b, 16.a, 17.¢c, 18.¢c, 19.4a, 20.a
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10

ASSERTION- REASON BASED QUESTIONS
For these Questions two statements are given one labelled Assertion (A) and other labelled
Reason (R). Select the correct answer to these questions from the options as given below
a. Ifboth Assertion and Reason are true and Reason is correct explanation of Assertion.
b. If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
c. If Assertion is true but Reason is false.
d. Ifboth Assertion and Reason are false.
Assertion (A): The binding energy per nucleon in very heavy nuclei is less than that in medium-
mass nuclei.
Reason (R): Very heavy nuclei have a larger proportion of neutrons, which reduces nuclear stability.
Assertion (A): Nuclear forces are charge independent.
Reason (R): The nuclear force between neutron-neutron, proton-proton, and proton-neutron pairs
are approximately equal.
Assertion (A): Nuclear fusion cannot occur at room temperature.
Reason (R): Nuclear fusion requires extremely high temperatures (of the order of 107 K) to overcome
the Coulomb repulsion between nuclei.
Assertion (A): Isotopes of an element have similar chemical properties.
Reason (R): Isotopes have the same number of electrons and hence the same electronic
configuration.
Assertion (A): The nucleus of an atom has greater density than its outer electronic shells.
Reason (R): Almost the entire mass of an atom is concentrated in its tiny nucleus, whereas electrons
have negligible mass.
Assertion (A): The mass of a nucleus is less than the sum of the masses of its constituent protons
and neutrons.
Reason (R): The mass defect is converted into binding energy, which holds the nucleus together.
Assertion (A): The binding energy per nucleon is a measure of the unstability of a nucleus.
Reason (R): A higher binding energy per nucleon means the nucleons are not tightly bound and the
nucleus is more stable.

® Physics in Real Life

How does nuclear energy help submarines remain underwater for long durations?

Assertion (A): Heavy nuclei tend to be wunstable and wundergo radioactive decay.

Reason (R): In heavy nuclei, the repulsive electrostatic forces between protons are sufficiently

balanced by the attractive nuclear forces

Assertion (A): Nuclear fission is accompanied by the release of a large amount of energy.

Reason (R): The binding energy per nucleon of the fission fragments is greater than that of the

original nucleus.

Assertion(A): Distance of closest approach of a-particle to the nucleus is always greater than

the size of the nucleus.

Reason(R): Strong nuclear repulsion does not allow a-particle to reach the surface of nucleus
ANSWERS
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10.

I1.

12.

13.

14.

15.

9P Yo,
*Now

16.

17.

18.

19.

1.a, 2.a, 3.a, 4.a, 5.a, 6.a, 7.d, 8.¢, 9.a, 10.a

SHORT ANSWER QUESTIONS (2 & 3 MARK)
Define atomic mass unit (amu). What is its value in kg and MeV?
What are isotopes and isobars? Give one example of each.
State two properties of nuclear forces that distinguish them from gravitational and electromagnetic
forces.

Show that the density of nuclear matter is independent of mass number A. (Given: nuclear radius R
= RoA"”™ where Ro=1.2 x 107" m)

Why do heavy nuclei have more neutrons than protons? Explain briefly.

Define binding energy of a nucleus. Write the expression for binding energy in terms of mass defect.
What is mass defect of a nucleus? How is it related to binding energy?

Draw a rough sketch of the graph showing the variation of binding energy per nucleon with mass
number. Mark the position of °Fe on the graph.

Why is it not possible to use 22U as a nuclear fuel for fission reactors (unlike >*°U)?
Find the binding energy of “He nucleus. Given: mass of “He = 4.002602 u, mass of proton =
1.007825 u, mass of neutron = 1.008665 u, 1 u=931.5 MeV/c2.

Calculate the energy released per fission of U given that the average binding energy per nucleon
of U-235 is 7.6 MeV and that of fission products is 8.5 MeV. Mass number of fission fragments =
235.

Explain with the help of a suitable graph, how the binding energy per nucleon varies with mass
number. Using this graph, explain the source of energy in nuclear fission and nuclear fusion.
Explain the working principle of a nuclear reactor. Name the main components and state the function
of each.

What are nuclear forces? State four important properties of nuclear forces that distinguish them from
other fundamental forces.

Calculate the binding energy of the nucleus of **2sFe. Comment on why iron has the most stable
nucleus. (Given: M(*°Fe) = 55.9349 u; m, = 1.00728 u; m, = 1.00867 u; 1 u=931.5 MeV)

o Amazing Facts About Nuclei

One gram of nuclear fuel can produce energy equal to tons of coal.

In the nuclear reaction: #%;U + 'on — 3?ssBa + **3sKr + x(*on), find x. Also calculate the energy
released per fission, given: m(**°U) = 235.0439 u; m(***Ba) = 138.9088 u; m(**Kr) = 93.9341 u; m(n)
=1.00867 u; 1 u=931.5 MeV.

(i) How is the size of a nucleus found experimentally? Write the relation between the radius and
mass number of a nucleus.

(1) Prove that the density of a nucleus independent of its mass number.

Draw the graph showing the variation of binding energy per nucleon with mass number. What
inference you get from this graph. Also explain the importance of binding energy curve.

A nucleus with mass number, A =240 and BE /A =7. 6 MeV breaks into two fragments each of A =
120 with BE /A = 8. 5 MeV Calculate the released energy.
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10.

I1.
12.

13.

14.

15.

16.

17.

Draw a plot of potential energy of a pair of nucleons as a function of their separations. Mark the
regions where the nuclear force is (i) attractive and (ii) repulsive. Write any two characteristic
features of nuclear forces.

ANSWERS

Atomic mass unit (amu) is defined as 1/12th of the mass of a carbon-12 atom. 1 amu = 1.66 x 107"
kg =931.5 MeV/c2

Isotopes are atoms with same atomic number but different mass numbers (e.g., 'H and *H). Isobars
are atoms with same mass number but different atomic numbers (e.g., "*C and '“N).

Nuclear forces are very strong but short-ranged, and they are independent of electric charge.
Density p = Mass/Volume « A/R3. Since R = RoA'/3, therefore R* « A. Hence p becomes
independent of mass number A.

Heavy nuclei contain more neutrons to reduce electrostatic repulsion between protons and increase
nuclear stability.

Binding energy is the energy required to separate a nucleus into its nucleons. BE = (Am)c>.

Mass defect is the difference between the sum of masses of nucleons and the actual nuclear mass.
Binding energy is given by BE = (Am)c?.

Binding energy per nucleon increases rapidly, reaches maximum near *Fe, and then decreases
slowly for heavier nuclei.

238 is not fissile with slow neutrons, whereas 2**U readily undergoes fission chain reaction.

Mass defect Am = [2(1.007825) + 2(1.008665) — 4.002602] = 0.030378 u. Binding energy =
0.030378 x 931.5 = 28.3 MeV.

Energy released = (8.5 — 7.6) x 235 =211.5 MeV.

Binding energy per nucleon rises up to >°Fe and then decreases slowly. Energy in fission and fusion
is released because products have greater binding energy per nucleon.

A nuclear reactor works on controlled nuclear fission. Fuel produces fission, moderator slows
neutrons, control rods control reaction, coolant removes heat, and shielding protects from radiation.
Nuclear forces act between nucleons. They are very strong, short-ranged, charge independent, and
show saturation property.

Challenge Your Brain

Why do scientists continue researching fusion reactors despite the enormous technological
difficulties?

Mass defect Am = [26(1.00728) + 30(1.00867) — 55.9349] = 0.52808 u. Binding energy = 0.52808
% 931.5 =492 MeV. Iron is most stable due to maximum binding energy per nucleon.

By conservation of mass number, x = 3. Mass defect Am = 0.18366 u. Energy released = 0.18366 x
931.5= 171 MeV.

(1) The size of a nucleus is determined experimentally by alpha-particle scattering experiments.
The relation between nuclear radius and mass number is:

R =RoA'"3 where Ro= 1.2 x 107* m. (ii) Volume of nucleus:, V = (4/3)nR? Since, R = RoA!/3,
Therefore, V &< A Mass of nucleus: M « A, Hence density, p = M/V « A/A = constant, Thus
nuclear density is independent of mass number.
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19.

20.

The binding energy per nucleon rises rapidly for light nuclei, reaches maximum near >*Fe, and
then decreases slowly for heavy nuclei.
Inferences:* *Fe is the most stable nucleus. Light nuclei release energy by fusion.
* Heavy nuclei release energy by fission.
Importance:
* Explains nuclear stability. Explains energy production in stars. Explains nuclear fission and
fusion.
Initial total binding energy: BE; = 240 x 7.6 = 1824 MeV
Final total binding energy: BEf =240 x 8.5 =2040 MeV
Energy released: E = BEr— BE;, E =2040 — 1824, E = 216 MeV
The potential energy curve shows:
* Attractive force at intermediate separations. * Repulsive force at very small separations.Regions:
* Attractive region: 0.8 fm <r <2 fm < Repulsive region: r < 0.8 fm
Two characteristics of nuclear forces:
1. Nuclear forces are very strong but short-ranged.
2. Nuclear forces are charge independent.
ab el e
_ TTWET S Build Your Own Analogy
Research and prepare a short report on India’s major nuclear power plants.
LONG ANSWER QUESTIONS
(a) Explain mass defect and binding energy. Derive the relation: B.E. = Am x ¢ (b) Draw and
explain the B.E. per nucleon vs mass number graph. Identify the peak. (c¢) Using this graph, explain
how energy is released in (i) nuclear fission and (ii) nuclear fusion. (d) Calculate the mass defect of
“He if its atomic mass is 4.002602 u.

(a) Explain nuclear fission. Write the reaction for fission of >*°U and calculate the energy released
per fission. (b) Explain the working of a nuclear reactor with a labelled diagram. State the function
of the moderator, control rods, coolant, and reflector. (c) Why is a chain reaction possible in 2*U
but not in natural uranium (predominantly **U)?

(a) What is nuclear fusion? State the conditions necessary for fusion to occur. Write the fusion
reaction occurring in the sun. (b) Calculate the energy released in the following fusion reaction:
2H+3%H — %He +n  (m(*H) = 2.01410 u, m(*H) = 3.01604 u, m(*He) = 4.00260 u, m(n) =
1.00867 u) (c) Compare nuclear fission and fusion on the basis of: (i) fuel required (ii) energy
released per nucleon (ii1) radioactive waste.

(a) What are nuclear forces? List four of their important properties. (b) Show that the nuclear density
is almost constant for all nuclei. (c) Why do lighter nuclei tend to undergo fusion while heavier
nuclei tend to undergo fission? Explain using the B.E./nucleon curve. (d) The nuclear radii of '1H
and 2%s,Pb are R1 and Ra respectively. Calculate the ratio R2/Ri. (My =1, M_Pb = 208)

(1) What characteristic property of nuclear force explains the constancy of binding energy per
nucleon (BE/A) in the range of mass number ‘A’ lying 30 < A < 1707
(i1) Show that the density of nucleus over a wide range of nuclei is constant- independent of mass
number.
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ANSWERS
(a)Mass defect (Am) is the difference between the sum of masses of individual nucleons and the
actual mass of the nucleus.
Am = [Zm, + (A—Z)m,] — M
Binding energy (B.E.) is the energy required to separate a nucleus completely into its nucleons.
According to Einstein’s mass-energy relation: E = mc?
Therefore: B.E. = Am x c?, (b) The binding energy per nucleon increases rapidly for light nuclei,
reaches a maximum near iron (*°Fe), and then decreases slowly for heavy nuclei. The peak occurs
near **Fe with maximum B.E./nucleon = 8.8 MeV, indicating maximum nuclear stability.
(c) In nuclear fission, heavy nuclei split into medium-mass nuclei having higher binding energy
per nucleon, releasing energy. In nuclear fusion, light nuclei combine to form heavier nuclei with
greater binding energy per nucleon, releasing enormous energy. (d) Am = [2(1.007825) +
2(1.008665)] — 4.002602
Am =4.03298 —4.002602 Am =0.030378 u
(a)Nuclear fission is the process in which a heavy nucleus splits into two lighter nuclei with
release of energy and neutrons.
Reaction: 2°,U + 'on — *'s¢Ba + *236Kr + 3'on + Energy
Average energy released per fission = 200 MeV.
(b) A nuclear reactor works on controlled nuclear fission.
Components and functions:
* Fuel (#*°U): Undergoes fission * Moderator: Slows down neutrons
* Control rods: Absorb excess neutrons ¢ Coolant: Removes heat
* Reflector: Prevents neutron leakage < Shielding: Protects from radiation
Heat produced converts water into steam, which rotates turbines to generate electricity.
(c) U is fissile and undergoes fission with slow neutrons, whereas »**U does not undergo fission
with slow neutrons. Hence sustained chain reaction is possible only in #°U.
(a)Nuclear fusion is the process in which two light nuclei combine to form a heavier nucleus with
release of energy.
Conditions required:
* Very high temperature (~107 K), High pressure, High density, Fusion reaction in the Sun: 4''H
— “He + Energy
(b) Reaction:
2H +3*H — “%He + 'on
Initial mass = 2.01410 + 3.01604 = 5.03014 u
Final mass =4.00260 + 1.00867 =5.01127 u
Am =5.03014 - 5.01127, Am=10.01887 u
Energy released: E=0.01887 x931.5, E=17.6 MeV
(c) Fission:
* Fuel: Heavy nuclei ¢ Energy per nucleon: Lower ¢ Radioactive waste: More
Fusion:
* Fuel: Light nuclei * Energy per nucleon: Higher * Radioactive waste: Very less
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(a) Nuclear forces are forces acting between nucleons inside the nucleus.
Properties:
1. Very strong 2. Short-ranged 3. Charge independent 4. Show saturation property
(b) Nuclear radius: R = RoA'?
Volume: Vx R®x A, Mass: M < A, Density: p=M/V < A/A
Therefore, nuclear density is almost constant for all nuclei.
(c) Light nuclei have lower binding energy per nucleon, so fusion increases stability and releases
energy.
Heavy nuclei also have lower binding energy per nucleon compared to iron, so fission produces
more stable nuclei and releases energy.
(d) Using: R=RoA'3,  R2/Ri=(208/1)""3, R2/R:1 = 5.94,Therefore: R2/Ri1 = 6
(1)The saturation property of nuclear forces explains the constancy of binding energy per nucleon
(BE/A) for 30 < A < 170, because each nucleon interacts only with its nearest neighbours.
(i1) Nuclear radius R = RoA!’3. Hence volume V o R3 o< A, while nuclear mass M « A. Therefore,
p =M/V o« A/A = constant, showing nuclear density is independent of mass number.

CASE STUDY-BASED QUESTIONS
Binding Energy and Nuclear Stability
The binding energy of a nucleus is the energy required to completely separate its nucleons. It equals
Am % ¢?, where Am is the mass defect. The binding energy per nucleon (BEN) curve peaks near *Fe
(~8.8 MeV/nucleon). For lighter nuclei (A < 56), the BEN increases — energy can be released by
nuclear fusion. For heavier nuclei (A > 56), the BEN decreases — energy can be released by nuclear
fission. This explains why both fusion (light nuclei) and fission (heavy nuclei) are exothermic
reactions, forming products with greater BEN.

(i). The binding energy per nucleon is approximately 7.6 MeV for 2*°U. If the average BEN of fission
products is 8.5 MeV, the approximate energy released per fission event (for 235 nucleons) is:
(a) 20 MeV (b)211.5MeV  (¢) 100 MeV  (d) 1 GeV

(ii). Which of the following nuclei has the highest binding energy per nucleon?
(a) 2 H (b) “2He (c) *%26Fe (d) U

(iii). The mass defect of “2He is 0.0304 u. Its binding energy is approximately:
(a) 283 MeV  (b) 7.1 MeV (¢) 56.5MeV  (d) 14.2 MeV

(iv). For which of the following processes is the binding energy per nucleon of the product greater
than that of the reactants?

(a) Fission of 2*°U only (b) Fusion of hydrogen nuclei only

(c) Both (a) and (b) (d) Neither (a) nor (b)
Nuclear Fission and Chain Reaction
When #°U absorbs a slow (thermal) neutron, it splits into two medium-mass fragments along with
2-3 fast neutrons and energy (~200 MeV). These secondary neutrons can cause further fissions —
a chain reaction. For a self-sustaining chain reaction, the multiplication factor k must equal 1 (critical
state). In a nuclear reactor, control rods (e.g., cadmium) absorb excess neutrons to maintain k = 1.
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A moderator (e.g., heavy water or graphite) slows fast neutrons to thermal energies, increasing the
probability of fission. The coolant removes heat to generate steam for electricity.
(i). The minimum mass of fissile material required for a self-sustaining chain reaction is called:
(a) Critical temperature (b) Critical mass (c) Threshold mass (d) Activation mass
(ii). The material used in control rods of a nuclear reactor is:
(a) Uranium (b) Graphite (c) Heavy water (d) Cadmium
(iii). For a sub-critical nuclear reactor, the neutron multiplication factor k is:
(a) k=1 (b)k>1 (e)k<1 (dk=0
(iv). The energy released per fission of 2**U (~200 MeV) is primarily in the form of:
(a) Kinetic energy of neutrons only  (b) Gamma rays only
(¢) Kinetic energy of fission fragments, neutrons, and gamma rays
(d) Heat energy of the moderator

ANSWERS
(i).b (if). c (iii).a (iv). ¢
(i).b (ii). d (iii). ¢ (iv). c
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Mass

Total number of protons and is the nuclear radius.
neutrons in the nucleus. -

Number (A) B B b
Where, Ry = 1.2 x 107" m

\\ @ P = Mass of proton (m,) = 1.00727 u - Nuclear Density
s g vl A = Number of protons (Z) -
Y # Density of nuclear matter,
L --*" Mucleons: + Mass of neutron (m,) = 1.00866 u +MNumber of neutrons (N)
S S 5 T
Protons and * Mass of electron (m,) = 0.000549 u o smheynfeleetrons 2= 4 aRrR? |
o Proton (p*) neutrons are L J + Number of neutrons | 3 g
0 Neutron (n®) collectively | . ol ‘_ = p=238x 10" kg;‘m3
called Relation between amu and MeV A=Z+N Where, m = average mass of
@ Electron (e”) nucleons. L one nucleon and R, = 1.2 fm
1 amu = 931 MeV L —1.2 %105 m

=+ Nuclear density (p) does

L

9 MASS DEFECT e MASS-ENERGY RELATION o NUCLEAR FORCES

FRN

The sum of the masses of neutrons and e s = Short ranged (2-3 fm) strong When nucleons form a nucleus,
protons forming a nucleus is more than e s_ma‘ss—egergy Enuvalehce attractive forces which hold the mass of nucleus is slightly
the actual mass of the nucleus. This equationiisigiveniby protons and neutrons together less than the sum of individual
dlffert;ncfe of masses is known as in against of Columbian repulsive masses of nucleons. This mass is
[rassirefect forces between positively stored as nuclear energy in the
Am = Zmp + (A ) Z)mn -M charged particles. form of mass defect.
;I\I'h ; Where = The nuclear force between Also, transmutation of less stable
z e—rea'toml‘c e 4 neutron—neutron, proton—neutron nuclei into more tightly bound
A = o S E = energy and proton—proton s approximately nuclei provides an excellent
m,, = mass of one proton m = mass of nucleus the same. Z::mh ility of releasing nuclear
m, = mass of one neutron ¢ = speed of light = 3 x 10% m/s » The nuclear force does not depend Tey-
M = mass of nucleus on the electric charge. Two distinct ways of obtaining
energy from nucleus are:
. s
Mass can be converted into | i o R RucledHEiEsion
Zm, +(A- Z)m, Aaal s energy and energy into mass. | 2. Nuclear Fusion
{Sum of massas) e e e A Range ~ 2 — 3 fm

» The nucleus is the small, dense The unit of mass used to express mass .
e . ’ P Atomic Number (Z) Size of Nucleus
central region of an atom of an atom is called atomic mass unit. Nuclear sizes of different elements
containing protons and neutrans. Atomic mass unit is defined as 1/12™ Mumber of protons present in the are assumed to be spherical.
12
« More than 99.9% mass of the ofithe mass(of carbon(C)/atom: nucleus of an atom. Volume = Mass number (A)
atom is concentrated in the ey ——
nucleus. Z = Number of protons e ~ ( Y
= Number of electrons i kY | R o« A3
e (in a neutral atom) ' | |
LN = \ /| R=RyAV?

" ! . L LU

_not depfﬂon A (mass numher}.___

NUCLEAR ENERGY

Nuclear Fission

The phenomenon of splitting of heavy nuclei
(usually A > 230) into lighter nuclei of nearly
equal masses is known as nuclear fission.

'3 Ba

+oan—>@+@+a+o
Q

0 NUCLEAR FISSION AND NUCLEAR FUSION

Nuclear Fusion

The phenomenan of fusing or combining of two lighter

nuclei i

1
$Kr 3in Q iH

nto a single heavy nucleus is called nuclear fusion.

+ IH iH 1
— 1 + e’ + v + 042 MeV
D R

[The energy released during nuclear fusion is known as thermonuclear energy.]

AVERAGE BINDING ENERGY BINDING ENERGY CURVE

Binding energy of a nucleus is the minimum energy
required to separate its nucleons and place them
at rest at infinite distance apart.

Using Einstein's mass—energy relation,

AE = (Amc?)

Hence, binding energy of the nucleus is T /
AE = [Zm,, + (A - Z)m,, - M] ¢* —

vL\

It is the average energy required to extract

a nucleon fram the nucleus to infinite distance.

Average binding energy per nucleon

Mass number (A)

(,;;9 Nuclear radius constant: R, = 1.2 x 1075 m (1.2 fm) @ Speed of light : ¢ =

Binding Energy Curve = 12

]
Plot of the binding energy per §§ =] i
nucleon versus the mass = .E !
number A for a large number ? B4 :
of nuclei. E !

=]

I
50 100 150 200
Mass number {A)

¥

Nuclear Stability

The stability of a nucleus is determined by the value of its binding
energy per nucleon. The constancy of the binding energy in the
range 30 < A < 170 is a consequence of the fact that the nuclear
force is short-ranged.

3 x 10° m/s | & 1 amu = 931 MeV
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-()-| WARM-UP: THINK LIKE A SCIENTIST |

=

Before You Begin...
Q Observe & Predict

1. Why are metals not used
to make computer chips?

2. Why does silicon dominate
the electronics world?

3. What would happen if
semiconductors conducted
electricity like copper?

4. Why are mobile phones
becoming smaller every year?

5. If semiconductors did not exist,
which modern technologies would
disappear first?

0 &5 Write your ideas before studying the chapter.

##8» SEMICONDUCTORS AROUND US 37

B Real-Life Connections

Device Semiconductor Use

0 Smartphone *
SolarRuel . Converts. s'unllght
to electricity

 »

Processor chips

i\gy LED Bulb Efficient light emission
. Computer Microprocessor & memory
L=—— %
(@ ») Car Sensors Smart automation
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Semiconductor Electronics:
Materials, Devices and Simple Circuits

MU

-+

Insulators, conductors and
semiconductors are differentiated
based on their energy bands.

a) Metals (Conductors)

Valence band and conduction
band lie very close to each

other or overlap. @

Conduction Band

ey

b) Insulators

Conduction band and valence
band are separated by a

large gap.

Conduction Band

3
Large Energy
Gap (Eg)

r

Valence Band

c¢) Semiconductors #

Energy band gap is smaller in
semiconductors which

encourages some electrons
to enter the conduction band.

" Small Energy
| Gap (E)
Valence Band

Eg (Si) = 1.1 eV |
Eg (Ge) = 0.74 eV

TYPES OF

SEMICONDUCTORS

Semiconductors are classified
into two types based on the
number of electrons and holes.

e Intrinsic (Pure)

« Extrinsic (Impure)

A. Intrinsic (Pure)
Semiconductor

* Free from impurities. Examples:
Germanium (Ge) and Silicon (Si)
* For pure Si (Z=14) and pure
Ge (Z=32). Both have 4 valence
electrons.

+ All 4 valence electrons are
involved in covalent bond
formation in Si or Ge crystal.

* It has an equal number of
holes and free electrons.

l Thus, no = n, = n; ‘

Where, n; = intrinsic carrier
concentration
ne = number of electrons

ny, = number of holes

B. Extrinsic (Impure)
Semiconductor
+ The electrical conductivity of

intrinsic semiconductor is very
poor at room temperature.

.

Addition of certain impurities
(very small amount-in ppm)
increases conductivity.

.

The process of addition of
impurity is called doping and the
impurity atoms are called dopants.

The impure semiconductor thus
formed is called a “doped”
semiconductor or Extrinsic
Semiconductor.

EXTRINSIC
SEMICONDUCTORS

An extrinsic semiconductor can
be of two types based on the
type of doping.

(i) n-type Semiconductor

Doped with Pentavalent
impurity atoms.

Examples: Phosphorus (P),
Arsenic (As), Antimony (Sb)

oo 0

o et
-,... o _.®-. Donor atom
| I | (Pentavalent)
E : : contributes
_®. .. -@- one extra
H ] * electron.

Here, n, >>n,

(Number of electrons greater
than number of holes)

(ii) p-type Semiconductor

Doped with Trivalent
impurity atoms.

Examples: Boron (B),
Aluminium (Al), Indium (In)

—@c .-@— Acceptor atom
i i I (Trivalent)
1 1 1 creates a
@ @@ hole.
L 1 L]

Here, n, >>n,

(Mumber of holes greater
than number of electrons)

In thermal equilibrium:

neg - nE, = nf

Pa

@ r-nJuNCTION

A p-n junction is formed by
joining p-type and n-type
semiconductor in a
single crystal.

p-type +| n-type
+ ok + = R
an s =+ — i
A + = =
I i+ = =

Formation: Two Important
Processes

1. Diffusion

= Majority carriers diffuse from
higher concentration to lower
concentration across the junction.

* Electrons diffuse from n-side to
p-side and holes from p-side to

n-side and recombine.

2. Drift

+ Due to diffusion, fixed ions are
left near the junction creating a
space-charge (depletion) region.

+ This sets up an electric field that
opposes further diffusion.

* Minority carriers drift under the
influence of this electric field.

At Equilibrium
Diffusion current equals drift current.
A depletion region and a potential
barrier are established across the
junction which prevents further
majority carrier flow.

Depletion Region

— = ==+ ++
- — =+ -+ + + + +
«— —E— —»

Built-in Potential (V})
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@ SEMICONDUCTOR DIODE (p-n Junction Diode) | @) V—I CHARACTERISTICS OF DIODE

e A semiconductor diode is basically a p—n junction with Forward Bias Reverse Bias
metallic contacts provided at the ends for the (Quadrant I) (Quadrant 1ll)
application of an external voltage.

. . . 14 I %
e |t is a two-terminal device.
Symbol: A ’ K
(Anode) (Cathode)
—Ver '
Forward Bias Reverse Bias t > | .
o] vy % o v
p-side connected to +ve terminal  n-side connected to +ve terminal I
and n-side to —ve terminal. and p-side to —ve terminal. TS
— '+—-—MM— =] I Y e AMAW— * Current is almost zero » Small reverse saturation
R R until cut-in voltage (V). current (—Is) flows.
4+ i Y * After V,, current rises = At breakdown voltage (Vgg),
I# I1=0 rapidly. current increases sharply
’I =V, =07VI(Si) in reverse direction.
P . P J Vy = 0.3V (Ge)

e Barrier potential decreases. ® Barrier potential increases.

* Offers very low resistance. * Offers very high resistance. Information obtained from V—I characteristics

e Large current flows. e Only a small leakage current flows.

* Cut-in (knee) voltage (V)
The ratio of forward biased to reverse biased * Reverse saturation current (Is) and breakdown voltage (Vgg)
resistance for p—n junction diode is 104 : 1

L iy
€@ APPLICATION: DIODE AS RECTIFIER

A rectifier converts alternating current (AC) into direct current (DC) using diodes.

1. Half-Wave Rectifier b Input (AC)

-
* One diode allows only one-half cycle of AC. E /\\J/\ >
3 3 AC 4
¢ Output is pulsating DC, Input | | R, Output (DC) A ki R
/\ /_\ /-\ direct current: I = I
> ™

2. Full-Wave Rectifier D, Input (AC)

¢ Two diodes conduct in alternate half cycles. < /\ /\ >

o Output is full pulsating DC. I:::.t l% SR LF v

e Use of capacitor or inductor can T D, 1 Output (DC) Average value of output
filter pulsating DC into almost \ bl e %

constant DC.

Applications of Rectifiers Key Takeaways

v Semiconductors have a small energy band gap
&g

(Si: 1.1 eV, Ge: 0.74 eV).
| | + Doping creates n-type (extra electrons) and p-type
(extra holes) materials.

2 v A p-n junction forms a depletion region and built-in
Powering i LhEtD DC power Battery Radlo,i::.' l potential.
n . communi on
DC motors s;gst;mgs supplies chargers Aeiens + Diodes conduct in forward bias and block in reverse bias.
/| \_\/ Diodes are widely used as rectifiers to convert AC to DC.
p —
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MULTIPLE CHOICE QUESTIONS
Carbon, silicon and Germanium have four valence electrons each. At room temperature which one of
the following statements is most appropriate ?
(a) The number of free electrons for conduction is significant only in Si and Ge but small in C.
(b) The number of free conduction electrons is significant in C but small in Si and Ge.
(c) The number of free conduction electrons is negligibly small in all the three.
(d) The number of free electrons for conduction is significant in all the three.
In the energy band diagram of a semiconductor, if more charge carriers are seen near valence band. It
would be
(a) an intrinsic semiconductor (b) a metal may be n-type or p-type semiconductor
(¢) an n-type semiconductor (d) a p-type semiconductor
The peak voltage in the output of a half wave diode rectifier fed with a sinusoidal signal without filter
is 10 V. The d.c. component of the output voltage is
(a) 10N2 V (b) 10/ V (c)10V (d) 20/m V
In which case is the junction diode forward biased.
@ N 12V o N 25V

L1 L1
v 2V -2V oV
@ ° » @ >

Assuming that the junction diode is ideal, and resistor has resistance of 200 Q. The current in the
arrangement shown here will be:

3V ™ 1V
(a) 2 mA (b) 30 mA (c) 20 mA (d) 10 mA
Which of following statements is not true?
(a) Resistance of an intrinsic semiconductor decreases with increase in temperature.
(b) Doping pure Si with trivalent impurities gives p-type semiconductor.
(c) The majority carriers in n-type semiconductor are holes.
(d) A p-n junction can act as semiconductor diode.
A student wants to identify diode from a mixed collection of diodes, resistors, inductors, switch,
thyristors, bulb etc using a multimeter. choose the correct statement out of the following about the
diode :
(a) It is two terminal device which conducts current in both directions.
(b) It is two terminal device which conducts current in one direction only.
(c) It does not conduct current gives an initial deflection which decays to zero.
(d) It is three terminal device which conducts current in the direction only between central terminal
and either of the remaining two terminals.
If the two ends of a p-n junction are joined by a wire
(a) there will not be a steady current in the circuit
(b) there will be a steady current from the n-side to the p side
(c) there will be a steady current from the p-side to the n side
(d) there may or may not be a current depending upon the resistance of the connecting wire
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10

®
Suppose all holes disappeared from a p-type semiconductor.

Would current stop completely? Could the material still conduct? Discuss scientifically.
The diffusion current in a p-n junction is from the
(a) n-side to the p-side
(b) p-side to the n-side
(c) n-side to the p-side if the junction is forward-biased and in the opposite direction it is reverse-
biased
(d) p-side to the n-side if the junction is forward-biased and in the opposite direction if it is
reverse-biased
In the given circuit the input voltage Vi, is shown in figure. The cut-in iQ
voltage of p-n junction diode (D1 or D) is 0.6 V. Which of the following T
output voltage (Vo) waveform across the diode is correct? v @ 0,y D, 1

V.. (V)
e e
/ 0.6V

\ 7 >t (sec)
]» ﬁ(y‘u"\. /
e

(a)

ANSWERS
1.a,2.d,3.d,4.b,5.d,6.¢,7.b,8.a,9.b,10.d

ASSERTION- REASON BASED QUESTIONS
For these Questions two statements are given one labelled Assertion (A) and other labelled Reason
(R). Select the correct answer to these questions from the options as given below
a. Ifboth Assertion and Reason are true and Reason is correct explanation of Assertion.
b. If both Assertion and Reason are true but Reason is not the correct explanation of Assertion.
c. If Assertion is true but Reason is false.
d. If both Assertion and Reason are false.
Assertion (A): As the temperature of a semiconductor increases, its resistance decreases.

Reason (R): The energy gap between conduction band and valence band is > 3eV in semiconductor.
Assertion (A): The resistivity of a semiconductor increases with temperature.

Reason (R): The atoms of a semiconductor vibrate with larger amplitude at higher temperature
there by increasing it's resistivity.

Assertion(A): Semiconductors are used to build digital logic circuits.

Reason(R): They cannot easily switch between high and low voltage states.
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Why are impurities added in quantities as small as: # “1 atom per
million atoms”
Why not add more impurities?
Assertion(A): In digital electronics, we prefer Integrated circuits or diodes etc made up of Silicon
over Germanium.
Reason(R): Silicon has better thermal stability.
Assertion(A): In an intrinsic semiconductor, the Fermi level lies midway between conduction and
valence bands.
Reason(R): There are more electrons than holes in an intrinsic semiconductor.
Assertion(A): The band gap of Germanium is higher than that of silicon.
Reason(R): Germanium has higher resistivity than silicon.
Assertion (A): The reverse current in a p-n junction diode increases rapidly at high reverse voltages.
Reason (R): High reverse bias causes a reduction in the barrier potential and enhances carrier
injection.
Assertion (A): Ideal diode shows zero resistance in forward bias and infinite resistance in reverse
bias.
Reason (R): Depletion region of a p-n junction diode extends in reverse bias and contracts in
forward bias.
Assertion (A): A pure semiconductor has negative temperature coefficient of resistance.
Reason (R): In a semiconductor on raising the temperature, more charge carriers are released,
conductance increases and resistance decreases.
Assertion (A): When diode is used as a rectifier, applied voltage should not be exceeded beyond
specified reverse breakdown voltage.

Reason (R): When p-n junction diode crosses the reverse break down voltage, it get destroyed.
ANSWERS

1.¢,2.d,3.¢c,4.a,5.¢,6.d,7.¢,8.a,9.4a,10.a
VERY-SHORT ANSWER QUESTIONS

In the following circuit diagram, is the junction diode forward biased or reverse biased?

P -10V
+5V
= (i)
™~
L1 1
(iv)

(111) —10v

LA

C"—ul'\" ¥ _I
=
-
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Draw and explain the output wave forms across the load resistor R, if the

+5V D
input waveform is as shown in the figure. g
-5V 7’

THINK LIKE A RESEARCHER : Suppose scientists create a diode with:

® zero cut-in voltage, zero power loss, no heating. How would technology change?
Determine the current for the network.(Barrier voltage for the Si diode is 0.7 Volt)

D,
D—
I 2.2kQ (Si)
—Pp— MWW —e
E,=20 V L E,=4V
™~ R
D, (SD)

A p-n diode is fabricated with a semiconductor with a band-gap of 2.8 eV. Can it detect a wavelength
of 6000 nm?
In the given circuit, Find the current through the battery?

D[l 4 Q
D, 8O
16 D, 40
11
Ir
16 V

In the given circuit, Find the voltage across load resistance ( R 1)

1.5kQ
D D
Ge) (Si +
15V =— (G @) Rp £2.5kQ

How are charge carriers created in an intrinsic semiconductor ? Explain.
Write two points of difference between intrinsic and extrinsic semiconductors.
Differentiate between n-type and p-type semiconductors.

Ge and Si diodes start conducting at 0.3 V and 0.7 V respectively. In the

Ge

following figure if Ge diode connection are reversed, the value of Vo
changes by ?

SHORT-ANSWER QUESTIONS

(a)Draw the energy — band diagrams for conductors, semiconductors and insulators at T = 0 K. How
is an electron-hole pair formed in a semiconductor at room temperature?
(b)Carbon and silicon both, are members of IV group of periodic table and have the same lattice
structure . Carbon is an insulator whereas silicon is a semiconductor. Explain.
Differentiate between half-wave and full-wave rectification. With the help of a circuit diagram,
explain the working of a full-wave rectifier.
In an intrinsic semiconductor, carrier’s concentration is 5 x 108 m™. On doping with impurity atoms,
the hole concentration becomes 8 x 1012 m=.

(a) Identify (i) the type of dopant and (ii1) the extrinsic semiconductor so formed.

(b) Calculate the electron concentration in the extrinsic semiconductor.
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4.

10.

11.

12.

13.

14.

o® Yo,

“nowt

Draw energy band diagrams of n-type and p-type semiconductors at temperature T > 0 K. Show the
donor/acceptor energy levels with the order of difference of their energies from the bands.

Imagine Earth suddenly loses all semiconductor technology for 24 hours.

Describe the impact? Would modern civilization survive normally? Explain scientifically.

A p-type Si semiconductor is made by doping an average of one dopant atom per 5x10 silicon
atoms. If the number density of silicon atoms in the specimen is 5x10?® atoms m~, find the number
of holes created per cubic centimetre in the specimen due to doping. Also give one of such dopants.
In an n-type semiconductor electron-hole combination is a continuous process at room temperature.
Yet the electron concentration is always greater than the hole concentration in it. Explain.

.(a)Draw circuit arrangement for studying V-I characteristic of a p-n junction diode.

(b)Show the shape of the characteristics of a diode.

(c)Mention two information that you can get from these characteristics.

.(a)What are majority and minority charge carriers in an extrinsic semiconductor?

(b)A p-n junction is forward biased. Describe the movement of the charge carriers which produce
current in it.

(c)The graph shows the variation of current with voltage for a p-n junction diode.

(a)What are majority and minority charge carriers of p-type and n-type semiconductors?
(b)Explain briefly the formation of diffusion current and drift current in a p-n junction diode.

I {mA)
Estimate the dynamic resistance of diode at V = - -
0.6 volt. 20
Reverse 0 Forward
bias bias
- e} —— frp——
-12.0- -1.2 -10 -05-06-04-02 0 02 04 06 08
{ V (volts)

Explain the process of formation of ‘depletion layer’ and ‘potential barrier’ in a p-n junction region
of a diode, with the help of a suitable diagram. Which feature of junction diode makes it suitable for
its use as a rectifier ?
A semiconductor has equal electron and hole concentration of 3 x 10® m=. On doping with a certain
impurity, the hole concentration increases to 6 x 10'® m™>,
(a) What type of semiconductor is obtained on doping ?
(b) Calculate the new electron concentration of the semiconductor.
(c) How does the energy gap of semiconductor change with doping ?
Draw the energy band diagram for it.
(a) Explain the working of a junction diode as a half-wave rectifier.
(b) The efficiency of a half-wave rectifier is 40%. What happens to the remaining 60% power ?
Suppose a pure Si crystal has 5 x 10?® atoms per m®. It is doped with 5 x 10*? atoms per m> of
Arsenic. Calculate the majority and minority carrier concentration in the doped silicon. (Given : nj =
1-5x 10 m™)
Draw a circuit diagram of a full-wave rectifier using p-n junction diodes. Explain its working and
show the input-output waveforms.

e Integrated Circuits (ICs) combine thousands to billions of semiconductor components on a

tiny chip.
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15.

16.
17.

18.

19.

20.

e Gallium Arsenide (GaAs) semiconductors are faster than silicon and are used in high-
frequency applications.

AN ac voltage Vi =12 sin (100 nt)V is applied between points A and B in a network of two ideal
diodes and three resistors as shown in figure. During the positive half cycle of the input voltage Vi
supplied to the network.
(a) Identify which of the two diodes will conduct and why ?
(b) Redraw an equivalent circuit diagram to show the flow of current.
(c) Calculate the output voltage drops VO across the three resistors when the input voltage attains its
peak value.
Briefly explain the two important processes that occur during the formation of a p-n junction.
With the help of circuit diagrams, briefly explain the forward biasing and the reverse biasing of a p-
n junction diode.
With the help of a circuit diagram, explain the working of a full wave rectifier. Depict the input and
output waveforms.
The hole concentration in an intrinsic semiconductor is 5 x 10® m™. When it is doped with certain
impurity, the electron concentration becomes 4 x 10'> m . Find the new value of the hole
concentration. Also identify the type of new semiconductor formed after doping.
A sample of Si doped with trivalent impurity and another Si sample which is doped with pentavalent
impurity (each with impurity concentration 1 in million).

ANSWERS
(a) In conductors valence and conduction bands overlap; in semiconductors they are separated by a
small gap; in insulators by a large gap. At room temperature, thermal energy breaks some covalent
bonds producing electron-hole pairs.
(b) Carbon has a larger band gap (~5.5 eV) so it behaves as an insulator, whereas silicon has a
smaller band gap (~1.1 eV) and acts as a semiconductor.
Half-wave rectifier uses one half cycle of AC while full-wave rectifier uses both half cycles, giving
higher efficiency. In a full-wave rectifier, two diodes conduct alternately during positive and
negative half cycles to produce pulsating DC.
(a) (i) Dopant is trivalent impurity. (ii) Extrinsic semiconductor formed is p-type.
(b) Electron concentration = 3.125 x 10* m™.
In n-type semiconductor, donor level lies just below the conduction band; in p-type semiconductor,
acceptor level lies just above the valence band. The energy difference is very small (~0.01 eV).
Number of holes created = 10'> cm™. One suitable dopant is Boron (B).
In n-type semiconductor, pentavalent impurities provide a large number of free electrons. Though
electron-hole recombination occurs continuously, electrons remain much more than holes because
electrons are majority carriers.
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10.

11.

12.

13.

14.

15.

16.

Science
%ggﬁ;‘gh Pure silicon is like a quiet city. Doping adds “special citizens” that completely
transform the city’s behaviour. Pentavalent atoms donate extra electrons. Trivalent atoms create
electron vacancies called holes. This tiny modification powers the entire digital world.
(a) A battery, resistor, milli ammeter and p-n diode are connected in series with a voltmeter across
the diode.
(b) Forward bias gives exponential rise in current; reverse bias gives very small reverse saturation
current.
(¢) Cut-in voltage and dynamic resistance can be obtained.
(a) Majority carriers are electrons in n-type and holes in p-type; minority carriers are holes in n-type
and electrons in p-type.
(b) In forward bias, electrons from n-side and holes from p-side cross the junction and constitute
current flow.
(c¢) Current increases rapidly after cut-in voltage in forward bias.
a) In p-type: holes are majority and electrons are minority carriers. In n-type: electrons are majority
and holes are minority carriers.
(b) Diffusion current is due to movement of majority carriers across the junction; drift current is due
to movement of minority carriers under electric field.
Dynamic resistance: rd = AV/AL
Diffusion of electrons and holes across the junction leaves immobile ions near junction forming
depletion layer. This creates an electric field called potential barrier. Unidirectional conductivity
makes the diode useful as a rectifier.
(a) p-type semiconductor is formed.
(b) Electron concentration = 1.5 x 10"6 m”-3.
(c) Energy gap remains almost unchanged on doping. Acceptor level appears just above valence
band.
(a) In half-wave rectifier, diode conducts during one half cycle and blocks the other, producing
pulsating DC.
(b) Remaining 60% power is lost as heat in the circuit components and unused AC output.
Majority carrier concentration = 5 x 10??> m™,
Minority carrier concentration = 4.5 x 10° m™.
A full-wave rectifier uses two diodes and a centre-tapped transformer. Each diode conducts during
alternate half cycles, giving output current in the same direction for both halves.
(a) During positive half cycle, the forward biased diode conducts while reverse biased diode does
not.
(b) Equivalent circuit contains conducting diode as short circuit and non-conducting diode as open
circuit.
(c) At peak: Vi =12 V; voltage drops are found using voltage division rule.
The two important processes are diffusion of majority carriers across junction and formation of
depletion region with potential barrier due to uncovered ions.
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17. 1In forward bias, p-side is connected to positive terminal and n-side to negative terminal reducing
barrier potential and increasing current. In reverse bias, barrier potential increases and only small
reverse current flows.

18. In a full-wave rectifier, alternate diodes conduct in alternate half cycles so current through load
remains in same direction. Output waveform contains both half cycles as pulsating DC.

19. New hole concentration = 6.25 x 10"4 m”-3. Since electron concentration increases, semiconductor
formed is n-type.

20. Si doped with trivalent impurity forms p-type semiconductor where holes are majority carriers. Si
doped with pentavalent impurity forms n-type semiconductor where electrons are majority carriers.

w ¥ gﬁw
_ TWWHET Build Your Own Analogy
Explain semiconductor behaviour using: traffic system, water flow, school corridors, shopping mall,
airport security
LONG ANSWER QUESTIONS

1. (a) Explain the formation of depletion layer and potential barrier in a p—n junction.

(b) In the figure given below the input waveform is converted into the output waveform by a device
‘X’. Name the device and draw its circuit diagram.

ﬂuﬁu{_\ Drevice "X —Cm—

Imprut Chstpat
2. (a) A student connects p-side of a p-n Centre-Tap
junction diode with positive terminal of Dmdc&
battery and n-side is connected with E H g‘i?;gc %
negative terminal of battery. Another Dot 2i00 % R output
student connects the diode in opposite way

by

with battery. Identify the biasing in both
the cases. Draw the circuit diagram of these biasing of a p-n junction.
(b) If the ratio of the concentration of electrons to that of holes in a semiconductor is 5/7 and the ratio
of currents is 4/7. Find the ratio of their drift velocities.
ANSWERS

1.  (a) When p-type and n-type semiconductors are joined, electrons and holes diffuse across the
junction and recombine, leaving immobile ions near the junction. This region without free charge
carriers is called the depletion layer, and the electric field developed across it forms the potential
barrier.

(b) The device ‘X’ is a rectifier diode (p—n junction diode) used as a rectifier. A diode connected in
series with a load resistor across an AC source gives pulsating DC output.

2. (a) When p-side is connected to positive terminal and n-side to negative terminal, the diode is
forward biased. When connections are reversed, the diode is reverse biased. In forward bias, current
flows easily; in reverse bias, only a small leakage current flows.

(b) Given n/p = 5/7 and In/Ip = 4/7. Using In/Ip = (nva)/(pvp), we get vu/vp = 4/5.
Hence, the ratio of drift velocities is 4 : 5.
CASE STUDY-BASED QUESTIONS
1.  Extrinsic semiconductors are made by doping pure or intrinsic semiconductors with suitable impurity.
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There are two type of dopants used in doping, Si or Ge, and using them p-type and n-type
semiconductors can be obtained. A p-n junction is the basic building block of many semiconductor
devices. Two important processes occur during the formation of a p-n junction: diffusion and drift.
When such a junction is formed, a depletion layer is created consisting of immobile ion-cores.
This is responsible for a junction potential barrier. The width of a depletion layer and the height of
potential barrier changes when a junction is forward-biased or reverse biased. A semiconductor
diode is basically a p-n junction with metallic contacts provided at the ends for application of an
external voltage. Using diodes, alternating voltages can be rectified.
(1) Which of the following is a donor impurity atom for Ge ?
(a) Boron (b) Antimony (c) Aluminium (d) Indium
(i1) When a pentavalent atom occupies the position of an atom in the crystal lattice of Si, four of its
electrons form covalent bonds with four silicon neighbours, while the fifth remains bound to the
parent atom. The energy required to set this electron free is about :
(a)0.5eV (b)0.1eV (c)0.05eV  (d)0.01eV
(ii1) During formation of a p-n junction :
(a) a layer of negative charge on n-side and a layer of positive charge on p-side appear.
(b) a layer of positive charge on n-side and a layer of negative charge on p-side appear.
(c) the electrons on p-side of the junction move to n-side initially.
(d) initially diffusion current is small, and drift current is large.
(iv) (a) In reverse-biased p-n junction :
(a) the drift current is of the order of few mA.
(b) the applied voltage mostly drops across the depletion region.
(c) the depletion region width decreases.
(d) the current increases with increase in applied voltage.
OR
(v) The output frequency of a full-wave rectifier with 50 Hz as input frequency is :
(a)25Hz (b)50Hz (c)100Hz  (d) 200 Hz
A p-n junction diode allows current to pass only when it is forward biased. So, if an alternating voltage
is applied across a diode the current flows only in that part of the cycle when the diode is forward
biased. This property is used to rectify alternating voltages and the circuit used for this purpose is
called a rectifier.
If an alternating voltage is applied across a diode in series with a load, a pulsating voltage will appear
across the load only during the half cycles of the ac input during which the diode is forward biased.
Such rectifier circuit is called a half-wave rectifier.
When two diodes are used to give output rectified voltage corresponding to both the positive as well
as negative half of the ac cycle, it is known as full-wave rectifier.
The rectified voltage is in the form of pulses of the shape of half sinusoids. Though it is unidirectional
it does not have a steady value. To get steady dc output from the pulsating voltage normally a capacitor
is connected across the output terminals (parallel to the load R;). One can also use an inductor in series
with RL for the same purpose. Since these additional circuits appear to filter out the ac ripple and give
a pure dc voltage, so they are called filters.
(1) In an unbiased p-n junction,
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(a) high potential at n-side and low potential at p-side

(b) high potential at p-side and low potential at n-side

(c) p and n both are at same potential

(d) undetermined 5
(i1) The diode used in the circuit shown in the figure has a constant voltage AN

drop at 0.5 V at all currents and a maximum power rating of 100 milliwatts. e
What should be the value of the resistor R, connected in series with diode

for obtaining maximum current? |
(a)6.76 Q (b)20Q (c)5Q (d) 5.6 @
(ii1) The average value of full wave rectified voltage with a peak voltage of 66 V is
(a) 66 V (b)32V (c)42V (d) 88V
(iv) The power delivered, and efficiency (for half wave rectifier and full wave rectifier) is
(a) low for half wave rectifier
(b) low for full wave rectifier
(c) same for both half wave rectifier and full wave rectifier
(d) can not say
OR
(v)In the given figure, a diode D is connected to an external resistance R = 100 Q
and an emf of 3.5 V. If the barrier potential developed across the diode is 0.5 V.
the current in the circuit will be:

(a) 40 mA (c)35mA (b)20mA  (d)30mA 35V
ANSWERS

i).b (ii). c (iii).b (iv).b OR (v).c

(). a (i1). ¢ (ii1).d (iv).a OR (v).d
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