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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 
✓ Simple and student-friendly language 
✓ Emphasis on conceptual clarity and scientific thinking 
✓ Step-by-step solutions to numerical problems 
✓ Real-life applications of Physics concepts 
✓ Competency-based and examination-oriented questions 
✓ 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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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 < ∞, 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/r² 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 × 10⁵ N 
C⁻¹. 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) 8 mC (b) 2 mC  (c) 5 mC  (d) 7 mC 
 

Q4. A spherical conductor of radius 10 cm has a charge of 3.2 × 10⁻⁷ C distributed uniformly. 
What is the magnitude of electric field at a point 15 cm from the centre of the sphere-? 

(a) 1.28 × 10⁴ N/C (b) 1.28 × 10⁵ N/C   (c) 1.28 × 10⁶ N/C  (d) 1.28 × 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 μC is placed at the center of a cubic Gaussian surface of side 10 cm. The 
net electric flux through the surface is: (ε₀ = 8.85 × 10⁻¹² C² N⁻¹ m⁻²)  
(a) 2.26 × 10⁵ N m²/C          (b) 1.13 × 10⁵ N m²/C     
(c) 4.52 × 10⁵ N m²/C  (d) 0.56 × 10⁵ N m²/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) 1/L²  (b) 1/L³  (c) 1/L⁴  (d) L 

Q10. (Multi-correct): A disk of radius R with uniform positive surface charge density σ 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. If R → ∞, then   JEE Adv 2022 
(a) E = σ / 2ε₀    (b) E = σ / ε₀   
(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) F/2   (d) F/4 

Q13. A hollow spherical shell used in a Van de Graaff generator is given a positive charge of 10 
μC. 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 × 10³ N/C (c) 20 × 10³ N/C (d) 10 N/C 

Q14. An electric dipole (like a water molecule model) with charges ±2 × 10⁻⁶ C separated by 2 
cm is placed in a uniform atmospheric electric field of 5 × 10⁵ N/C. The maximum torque 
experienced by this molecule to align itself with the field is: 
(a) 0.01 N·m  (b) 0.02 N·m    (c) 1 × 10⁻⁴ N·m (d) 2 × 10⁻² N·m 

Q15. 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:  
(a) E ∝ r²  (b) E ∝ 1/r²  (c) E ∝ r³  (d) E ∝ 1/r³ 

Q16. 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: 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 4 

 

(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/ε₀  (b) q/6ε₀  (c) 6q/ε₀  (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 ∝ 1/r². Ans: (b). Q3. q = 2 
mC. Ans: (b). Q4. E = 1.28 × 10⁵ 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 × 
10⁵ N•m²/C. Ans: (a). Q8. q = −Q/4. Ans: (c). Q9. Force ∝ 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 N•m. 
Ans: (d). Q15. E ∝ 1/r³. Ans: (d). Q16. E_axial = 2E_equatorial. Ans: (b). Q17. Flux per 
face = q/6ϵ₀. 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 
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. 

Q2. 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. 

Q3. 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. 

Q4. 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. 

Q5. 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. 
REASON: In gauss law, electric field is due to only those charges which are present inside 
the closed surface. 

Q8. ASSERTION: A point charge q0 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. 

Q9. 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. 5. 6. 7. 8. 9. 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 4X10-19 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 q on a body is always given by q = 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 
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. 

Q5. Assertion (A): Electrostatic force is conservative in nature. 
Reason (R): Electric filed lines do not form closed loops 

Answers of Exercise Assertion and Reason 
1. A 2. A 3. D 4. B 5. B 

 
VERY SHORT ANSWER TYPE QUESTIONS 

Q1. 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. 

Q2. Find ratio of electric flux through the surface S1 and S2 as 
shown in figure 

Q3. 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. 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. 

Q5. 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. 

Q6. Why can two electric field lines never cross each other? 

Q7. What is the net flux through a closed surface containing an electric dipole? 

Q8. How does the force between two point charges change if the dielectric constant of the 
medium between them increases? 

Q9. Define 'quantization of charge'. 

Q10. Draw the electric field lines for a system of two equal negative charges. 
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Very Short Answer Type Questions – Hints and Solutions 

Q1. The electric flux remains unchanged. According to Gauss’s Law, flux depends only on the 
net enclosed charge (Φ = q/ε₀), not the size or radius of the surface.  

Q2. The ratio is -1:1 (or -1). Net charge in S₁ = (Q + 3Q − 2Q − 4Q) = -2Q. Net charge in S₂ = 
(Q + 3Q − 2Q) = 2Q.  

Q3. (a) Angle: 180°. In zero gravity, the only force is electrostatic repulsion, pushing the balls as 
far apart as possible. (b) Tension: T = (1 / 4πϵ₀) × Q² / (2L)². The tension balances the 
repulsive force at a distance of 2L.  

Q4. The field magnitude is E = σ/ϵ₀ (if treated as plates) or by calculating Enet from both layers. 
The direction is downward (from the +50 C layer at 4000 m toward the −50 C layer at 2000 
m).  

Q5. The ratio is b: a. When connected, their potentials are equal (Vₐ = Vb ⇒ kqₐ/a = kqb/b). Since 
E = V/r, the surface fields are inversely proportional to the radii (Eₐ/Eb = b/a).  

Q6. If they crossed, at the point of intersection, the field would have two different directions, 
which is physically impossible.  

Q7. Zero. According to Gauss’s Law, flux depends on the net charge; a dipole's net charge (+q − 
q) is zero.  

Q8. The force decreases. Fmedium = Fvacuum / K.  
Q9. It is the property by which all free charges are integral multiples of a basic unit of charge 

(e), expressed as q=ne.  
Q10. Sutiable diagram  

2 Marks Questions 
Q1. An electric dipole of length 10 cm having charges ± 6 x 10-3 , placed at 30˚ with respect to 

a uniform electric field, experiences a torque of 6√3  Nm. Calculate the magnitude of the 
electric field 

Q2. 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? 

Q3. The figure shows three point charges kept at the vertices of triangle ABC. 
Find the net electric field, due to this system of charges, at the midpoint M 
of base BC.  CBSE 2026 

Q4. A thin rod of length L of the uniform mass density of μ kg/m and linear 
charge density λ C/m is initially at rest. A uniform electric field E is applied 
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. 

Q5. 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. 

Q6. 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. 

Q7. 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. 

Q8. Distinguish between a polar and a non-polar molecule with one example each. 
Q9. An electrostatic field line is a continuous curve. That is, a field line cannot have sudden 

breaks. Why not? 
Q10. Why must the electric field be normal to the surface of every point of a charged 

conductor? 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 8 

 

2 Marks Questions -Hints and Solutions 
Q1 Formula: τ = pE sinθ.p = q × 2l = (6 × 10⁻³ C) × (0.1 m) = 6 × 10⁻⁴ C·m. E = τ / (p 

sin30°) = 6√3 / (6 × 10⁻⁴ × 0.5)= 2√3 × 10⁴ V/m. 

Q2 For two opposite charges +4Q and −Q, the null point (where Enet = 0) lies outside 
the charges, closer to the smaller magnitude charge (−Q). k(4Q)/(a + x)² =kQ/x².2/(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)/r², where r is the altitude of the triangle AM. 

Q4 Force: F = qE = (λL)E.Acceleration: a = F/m = (λLE)/(μL) = λE/μ. Equation of 
Motion:v² = u² + 2as ⇒ v = √(2 × (λE/μ) × 1) = √(2λE/μ) m/s. 

Q5 Inside (r < R): E = 0.Outside (r > R): E ∝ 1/r².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 Φ= q/ ε₀, so flux through one face is q/6ε₀ 

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/L2. 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., H2O), 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 If it 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 = 2·5 × 10–7 C and q2 = – 2·5 × 10–7 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 -λ and 3 λ 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 r1 is given a charge Q. It is surrounded by a 
concentric conducting spherical shell of inner radius r2 and outer radius r3 , having charge − 
3q.  If a 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 < 
r1, and (2) r1 < x < r2.  
(II)  Electric field at a point distant x from the centre for (1) x > r3, and (2) r1 < x < r2.  
(III) 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 q1, q2, q3 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 𝐸𝐸�⃗ = 𝐸𝐸0����⃗ 𝚤𝚤̂  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 θ1 to θ2 
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 × 10−12𝐶𝐶/𝑚𝑚2. 
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 l. If the system is in equilibrium and the strings 
make an angle θ with the vertical, derive the expression for the charge q in terms of m, l, g, 
and θ. 

3 Marks Questions -Hints and Solutions 
Q1 a) Dipole Moment: p = q × 2a. Since distance is from −15 cm to +15 cm, 2a = 30 

cm = 0.3 m. p = (2.5 × 10⁻⁷) × 0.3 = 7.5 × 10⁻⁸ 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 × (kq/a²). 

Q2 Formula: F = qE where q= λ₁l, Use the field of one wire acting on the other: 
F = λ₁ l E₂ => F/ l= λ₁(2kλ₂/r). Magnitude = (1 / 2πϵ₀) × (3λ²/r). Since the charges 
have opposite signs (−λ and 3λ), the force is attractive. 

Q3 (I) Flux: For x < r₁: Φ = q_enclosed/ϵ₀ = 2q/ϵ₀. For r₁ < x < r₂: Φ = (2q + Q)/ϵ₀. 
(III) Surface Density (σ): The inner surface of shell (r₂) will have an induced charge 
of −(2q + Q) to cancel the internal field. σ = Charge / Area = −(2q + Q) / 4πr₂². 

Q4 Vector form: 𝐹⃗𝐹₂₁ = (1 / 4πϵ₀) × (q₁q₂ / r²) r̂₁₂. Distance from each vertex to centroid: 
R = L/√3. Due to symmetry, the net force at centroid is zero. 

Q5 Charge at center:  Total flux = q/ϵ₀. Flux through each face = q/6ϵ₀. 
Charge at corner: Flux through one cube = q/8ϵ₀. Flux through each of 3 outer faces 
= q/24ϵ₀. Charge at face center: Flux through one cube = q/2ϵ₀. 

Q6 Left End Cap (𝛷𝛷1): The area vector 𝐴𝐴 points left (-x), and vector 𝐸𝐸�⃗  points right 
(+x). The angle is 180°. =>(𝛷𝛷1) : =  𝐸𝐸0𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐(180°)  =  −𝐸𝐸0(𝜋𝜋𝑅𝑅2) .Right End Cap 
(𝛷𝛷2): Both the area vector 𝐴𝐴 and 𝐸𝐸�⃗  point right (+x). The angle is 0°. => (𝛷𝛷2) : =
 𝐸𝐸0𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐(0°) =  +𝐸𝐸0(𝜋𝜋𝑅𝑅2) . Curved Surface (𝛷𝛷3): The area vector is always 
perpendicular to the cylinder's axis (and the field). The angle is 90°. (𝛷𝛷3) : =
 𝐸𝐸0𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐(90°)  =  0.The total flux is the sum of these parts: 𝛷𝛷𝑛𝑛𝑛𝑛𝑛𝑛 = 𝛷𝛷1 + 𝛷𝛷2 + 𝛷𝛷3 
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𝛷𝛷𝑛𝑛𝑛𝑛𝑛𝑛 = −𝐸𝐸0(𝜋𝜋𝑅𝑅2) + +𝐸𝐸0(𝜋𝜋𝑅𝑅2) + 0 =>𝛷𝛷𝑛𝑛𝑛𝑛𝑛𝑛 = 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 = τ dθ = pE sinθ dθ. Integrating from θ₁ to θ₂: W = pE(cosθ₁ − cosθ₂). 
Q8 Outer region: E = 0. Between plates: E = σ/ϵ₀ = 2 N/C. 
Q9 Using a cylindrical Gaussian surface: 2EA = σ A / ϵ₀ ⇒ E = σ/2ϵ₀. The field is 

independent of distance. 
Q10 Force Analysis:  At equilibrium: Balancing Components: 

Vertical: T cos θ = mg. Horizontal: T sin θ = Fₑ. Combining 
Equations: Dividing the two equations gives: tan θ = Fₑ / mg. 
Electrostatic Force: Fₑ = (1 / 4πϵ₀) × (q² / r²), where the 
separation between the balls is: r = 2l sin θ. Result: Substituting 
Fₑ and r into the tangent equation and solving for q: q = √(16πϵ₀ l² mg sin²θ tan θ) 

CASE STUDY BASED QUESTION 

Q1. When an electric dipole of charges ±q and dipole moment 𝑝⃗𝑝 is placed in a uniform electric 
field electric field 𝐸𝐸�⃗  making an angle θ with the 𝐸𝐸�⃗ , then two charges experience equal and 
opposite forces +q 𝐸𝐸�⃗  and –q 𝐸𝐸�⃗ . 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. 
i. 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) 2qa and is along –x-axis.  
(C) qa and is along +x-axis.    (D) qa and is along –x-axis. 

ii. The magnitude of electric field at a certain distance from a dipole on its axis is E1 and at the 
same distance on the equatorial plane of the dipole is E2. (E1/E2 )is       
(A) 1/2     (B) 2      (C) 1/4     (D) 4 
iii. The dimensional formula of dipole moment is –     
(A) [𝐿𝐿2𝑇𝑇2𝐴𝐴−2]    (B) [𝑀𝑀2𝐿𝐿2𝑇𝑇1𝐴𝐴2]     (C) [𝐿𝐿1𝑇𝑇1𝐴𝐴2]   (D) [𝐿𝐿1𝑇𝑇1𝐴𝐴1] 
iv. An electric dipole of dipole moment 𝑝⃗𝑝 is placed in a uniform electric field 𝐸𝐸���⃗ . The torque 
exerted by the field on the dipole at that instant is  –    
(A) Parallel to both the 𝐸𝐸�⃗  and 𝑝𝑝���⃗ .     (B) Perpendicular to both 𝐸𝐸�⃗  and 𝑝⃗𝑝.    
(C) Parallel to 𝐸𝐸�⃗  and perpendicular to 𝑝⃗𝑝.   (D) Perpendicular to 𝐸𝐸�⃗  and parallel to 𝑝⃗𝑝. 
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 × 10−19𝐶𝐶 
Any charge can therefore be written as: q=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. 
i. Which of the following charges is NOT possible? 
A) 1.6 × 10−20𝐶𝐶 B) 3.2 × 10−16𝐶𝐶  C) 2.4 × 10−18𝐶𝐶  D) 4.8 × 10−17𝐶𝐶 
ii. If an object has a net charge of +1 C, it has: 
A) Gained 6.25 × 1018 electrons B) Lost 6.25 × 1018 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 = σ/ε₀. For a given potential, the surface charge 
density σ 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 
ii. 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 𝑟𝑟 → 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 1. ii 1. iii 1. iv 2. i 2. ii 2. iii 2. iv 3. i 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 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 12 

 

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

Q4. (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: 
(i) Outside the shell (r > R) (ii) 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 
Q1 Dipole moment (p⃗) is a vector pointing from −q to +q with magnitude: p = q × 2a. 

Diagram:Draw two parallel lines for the uniform field E⃗, an inclined dipole at angle 
θ, 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 (τ) = Force × 
perpendicular distance between forces. 3. τ = (qE) × (2a sinθ)= pE sinθ. 
Max. and Min. Torque: τ = 0 at 0° and 180° (equilibrium).=> τ = pE at 90°. 

Q2 Axial Line Hint (E ∝ 1/r³): 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/r³ for a short 
dipole. Equatorial Line Hint: Use vector resolution. The vertical components of the 
fields (E sinθ) cancel out, while the horizontal components (E cosθ) add up. Result: E 
equatorial = kp/r³. Diagram: For the equatorial line, show the vector addition forming a 
resultant parallel but opposite to p⃗. 

Q3 Statement: Total flux through a closed surface is 1/ϵ₀ times the net charge enclosed. 
Diagram: Draw an infinitely long wire with linear charge density λ.  Draw a 
cylindrical Gaussian surface around it of radius r and length l. Flux only passes 
through the curved surface because flux through flat ends is zero (E⃗ ⟂ dA⃗). 
Total Flux: Φ = E × (2πrl). Enclosed charge: q = λl. Apply Gauss's Law: E(2πrl) = λl 
/ ϵ₀ ⇒ E = λ / (2πϵ₀r). 

Q4. Definition: Electric Flux (Φ) is the total number of electric field lines passing 
through a surface. SI Unit: N·m²/C. Gaussian Surface: A cylinder (pillbox) piercing 
through the sheet, with cross-sectional area A at both ends. The electric field E⃗ is 
perpendicular to the sheet. Flux only passes through the two flat ends of the cylinder: 
Φ = 2EA. 3. Enclosed charge: q = σA, where σ is the surface charge density. 
According to Gauss’s Law: 2EA = σA / ϵ₀ => E = σ / 2ϵ₀. Distance Factor: The 
electric field is independent of distance r from the sheet because the field is uniform. 

Q5. Case 1: Outside (r > R): Treat the entire charge as concentrated at 
the center. E = (1 / 4πϵ₀) × (q / r²). 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/r² decrease.  
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ZIET MYSURU-SSM PHYSICS-XII-2026-27 15 

 

MULTIPLE CHOICE QUESTIONS 
Q1 In a region electric field is given by 𝐸𝐸�⃗ = 4x𝚤𝚤̂ N/C. The potential difference between points 
A(x=1m) and B (x=3m), VA-VB 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= C2 =C3 =1 μF , C4 =2μF) JEE MAINS 2026 
(a) 2                   (b) 7/2                (c) 7/3                (d) 5/2 
 
Q3 A point charge lies at a distance x from the midpoint of an 
electric dipole on its axis. The electric potential at a point P is proportional to:  
(a)1/x3                           (b) 1/x2                             (c) 1/x4                                  (d) 1/x1/2 
Q4 Ten capacitors, each of capacitance 1 µF, are connected in parallel to a source of 100 V. The 
total energy stored in the system is equal to: 
(a) 10-2 J                      (b) 10-3 J                            (c) 0.5 x 10-3 J                   (d) 5.0 x 10-2 J     
Q5 The diagrams below show the regions of equipotential. 
A positive charge is moved from A to B in each diagram then: 
(a) Maximum work is required to move q in figure (c).  
(b) In all the four cases the work done is the same.      
(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 , σ, -σ and σ respectively. What 
is the electric potential on the surface of shell A ?  
(a) −σ

𝜀𝜀0
 (a+b+c)      (b)    σ

𝜀𝜀0
 (a+b+c)     (c) σ

𝜀𝜀0
 (b-a-c)     (d) σ

𝜀𝜀0
 (a-b+c)                                                                                    

Q7: Four charges 10-8 C ,-2x10-8 C; +3x10-8 C and 2x10-8 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) 360√2 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  
Q9: 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) 
Q11. 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 at y = + 1 
cm. Then, the potentials at the points A, B and C satisfy  
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(a) VA < VB   (b) VA > VB  (c) VA < VC  (d) VA > VC 
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? 

(a) eV    (b) 2𝑒𝑒𝑒𝑒
𝑚𝑚

   (c) �2𝑒𝑒𝑒𝑒
𝑚𝑚

  (d) �2𝑚𝑚𝑚𝑚
𝑒𝑒

  

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 
(a) Q = -q  (b) Q = −1

 𝑞𝑞   (c) Q = q  (d) Q = 1
 𝑞𝑞

 

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 5cm 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 
Q16. 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 
(a) U/2   (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 μF. The equivalent capacity between 
the points A and B will be: 
(a) 16 μF    (b) 8 μF 
(c) 32 μF    (d) 2 μF 
Q18. 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. 
(b) In B : V remains same but C changes.  
(c) In A : V remains same and hence Q changes.  
(d) In B : C remains same and hence V changes. 
Q19. Two protons A 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 FB , then 
(a) FA > FB     (b) FA < FB  
(c) FA = FB          (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 
(a) n V   (b) V/n   (c) n2/3V   (d) n1/3V 
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ANSWERS 
Q1  (a)VA-VB= −∫𝐸𝐸.𝑑𝑑𝑑𝑑 so potential difference= -2x2 = -2(32-12) = -16V 
Q2 (a) C1 & C2 are parallel so 2μF .. This 2μF is in series with C4. So 1 μF.now this is in parallel 

with C3 so final equivalent resistance is 1 μF+C3=2 μF 
Q3 (b)For an electric dipole, the electric potential at a point on its axial line is given by V=kp/x2 

where distance between the charges is much smaller than the distance at which potential is 
to be calculated. 

Q4 (d) Net capacitance = 10x 1 µF=10-5F   connected to 100V so total energy is U=1/2 CeqV2 so 
we get 5x10-2J  

Q5 (b)Work done w = qΔV, ΔV 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=4πa2σ ; Electric charge on shell A is qB=-4πb2σ    
Electric charge on shell A is qC=4πc2σ    
Shell A is inside the shell B and C. so VA= 1

4𝜋𝜋𝜋𝜋0
 (qA+ qB+ qC)  

Q7 (c)  Potential at the centre is : V=kq/r : V= 1
4𝜋𝜋𝜋𝜋0

  (q1/r1 + q2/r2 + q3/r3+ q4/r4 )  = 360√2 V       

Q8 (a)For isolated capacitor Q = Constant : Favg=
𝑄𝑄2

2𝐴𝐴𝜀𝜀0
: F is independent of the distance between 

plates 
Q9 (b) Common potential = V/2 ; Initial energy Ui=1/2 CV2     final energy Uf= ¼ CV2 so loss 
of energy = ½ CV2- ¼ CV2 = ¼ CV2 decreases by a factor of 2  
Q10 b)DC circuits 
Q11. (b) E = - 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
 , Direction of electric field must be in the direction of the decreasing order of 

electric potential. 
Q12. (c) Shape of equipotential surface depends on charge or distribution of charges  

Q13. (c) eV = 1
2
𝑚𝑚𝑣𝑣2 so  v = �2𝑒𝑒𝑒𝑒

𝑚𝑚
  

Q14. (a) 1
4𝜋𝜋𝜋𝜋₀

  −𝑄𝑄
𝑅𝑅

+ 1
4𝜋𝜋𝜋𝜋₀

  −𝑞𝑞
𝑅𝑅

 + 1
4𝜋𝜋𝜋𝜋₀

  2𝑄𝑄
𝑅𝑅

 + 1
4𝜋𝜋𝜋𝜋₀

  2𝑞𝑞
𝑅𝑅

 = 0      Q = -q 
Q15. (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   𝐶𝐶′= 𝐶𝐶
2
 and  𝑉𝑉′= 2V 

Hence, new energy 𝑈𝑈′ = 2U  
Q17.(c) All capacitors are connected in parallel so 𝐶𝐶𝑒𝑒𝑒𝑒= 𝐶𝐶1+𝐶𝐶2+𝐶𝐶3+𝐶𝐶4 so 𝐶𝐶𝑒𝑒𝑒𝑒 = 32 μF  
Q18.(c) As it is connected to battery so V remains same but as capacitance changes so charge 

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

So FA = FB 
Q20.(c) total charge Q = nq and R= 𝑛𝑛1/3r, So V = n2/3V  

PRACTICE QUESTIONS 
1. If a charged spherical conductor of radius 10 cm has potential V at a point 5 cm distant from 
its center, then the potential at a point 15 cm distant from the center will be: 
(a) 3V   (b) 3

2
𝑉𝑉   (c) 2

3
𝑉𝑉   (d) 1

3
𝑉𝑉 

2. A parallel plate air capacitor has capacitance 18 μF. If the distance between the plates is made 
thrice and a dielectric medium is introduced, the capacitance becomes 72μF. 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 C1 is charged by a potential difference V0 as shown in the figure. This charging 
battery is then removed and the capacitor is connected to an uncharged 
capacitor C2. The final potential difference V across the combination is: 
(a) V0�

𝐶𝐶1−𝐶𝐶2
𝐶𝐶1

�    (b) V0�
𝐶𝐶1

𝐶𝐶1−𝐶𝐶2
�         (c) V0�

𝐶𝐶1
𝐶𝐶1+𝐶𝐶2

�   (d) V0�
𝐶𝐶1+𝐶𝐶2
𝐶𝐶1

� 

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

(a) Zero      (b) � −𝑞𝑞𝑞𝑞
4𝜋𝜋𝜀𝜀0𝑎𝑎2

� √2a    (c) � 𝑞𝑞𝑞𝑞
4𝜋𝜋𝜀𝜀0𝑎𝑎2

� 𝑎𝑎
√2

    (d)� −𝑞𝑞𝑞𝑞
4𝜋𝜋𝜀𝜀0𝑎𝑎2

� √2a

  
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), (c) 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 = - 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
. 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 × 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. 
5. Option (B) is correct.   Initial capacitance C1 = C = 𝐾𝐾𝜀𝜀0 𝐴𝐴

𝑑𝑑
, C2 = 3𝐾𝐾𝜀𝜀0 𝐴𝐴

𝑑𝑑/2
 So C2 = 6C1,  

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. 
7. Option (A) is correct. C = 𝜀𝜀0 𝐴𝐴

𝑑𝑑
. 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 = 𝜎𝜎

𝜀𝜀0
. Electric field 

in dielectric E’ = 𝜎𝜎
𝐾𝐾𝜀𝜀0

. Since the value of K for Kerosene oil is greater than 1, then E’< E.  

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

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 μC and 5 μC are placed at (-30cm,0) and (30cm,0) respectively in an 
external electric field 𝐸𝐸 ���⃗  = 𝐴𝐴

𝑥𝑥2
 𝚤𝚤̂ where A=9x105 Nm2C-1. 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 K1 and K2 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 C1 and C2 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 i) charge on each capacitor and ii) 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 
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 xα. Calculate the value 
of α. 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 r1 and r2 have charges q1 and q2 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: work W=q(VS-VR) ; VR= 1

4𝜋𝜋𝜋𝜋0
(𝑄𝑄
𝑟𝑟1

+ (−2𝑄𝑄)
𝑟𝑟2

);  VR=VS so potential difference is zero and hence 

work done is also zero. 
2: V(r)=-∫𝐸𝐸. 𝑑𝑑𝑑𝑑 = −∫ 𝐴𝐴

𝑥𝑥2
. 𝑑𝑑𝑑𝑑 = 𝐴𝐴

𝑥𝑥
 ; U=q1 V(x1) + q2V(x2)+

𝑞𝑞1𝑞𝑞2
4𝜋𝜋𝜀𝜀0𝑥𝑥12

 = q1A/x1+ q2A/x2+
𝑞𝑞1𝑞𝑞2

4𝜋𝜋𝜀𝜀0𝑥𝑥12
 

x1=x2=30cm , and x12=60cm 
So after substituting all the values we get U=8.85J  
3 : Sol C1=

𝐾𝐾1𝜀𝜀0𝐴𝐴/2
𝑑𝑑

 and C2=
𝐾𝐾2𝜀𝜀0𝐴𝐴/2

𝑑𝑑
 so Ceq=C1+C2 = 𝐾𝐾1𝜀𝜀0𝐴𝐴

2𝑑𝑑
 +𝐾𝐾2𝜀𝜀0𝐴𝐴

2𝑑𝑑
 = 𝜀𝜀0𝐴𝐴

2𝑑𝑑
(𝐾𝐾1 + 𝐾𝐾2) 

4 (a) 
 
 
 
(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 CV2. As capacitance becomes K times energy stored by each 
capacitor also increases by a factor of K(dielectric constant) 
6 Initial capacitance: C= C=ε0A/d New capacitance = C/2 (1+K) ; K=5(given) so Cnew=3C 
change in capacitance = 2C so change in %=200% 
7: C=𝜀𝜀0𝐴𝐴

𝑥𝑥
      U=1/2 CV2 , U=1/2𝜀𝜀0𝐴𝐴

𝑥𝑥
 V2 so U α 1/x , Now dU/dt = dU/dx × dx/dt  dx/dt = velocity  

Since U α 1/x so dU/dx α x-2  hence alpha is proportional to x-2 

8: potential energy of the system is U= 1
4𝜋𝜋𝜋𝜋𝑜𝑜

𝑞𝑞1𝑞𝑞2
𝑟𝑟

 so U= 1
4𝜋𝜋𝜋𝜋𝑜𝑜

(−7𝑞𝑞2)
𝑎𝑎

 

9:According to law of conservation of charge ; qi= qf : q1+ q2= q1+ q2=Q, i f When two balls are 
connected with wire : V1=V2  : q1=

𝑄𝑄𝑟𝑟1
𝑟𝑟1+𝑟𝑟2

 and q2=
𝑄𝑄𝑟𝑟2
𝑟𝑟1+𝑟𝑟2

 and Q= q1+ q2 

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. 
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PRACTICE QUESTIONS 
Q1.  Figure shows the field lines on a positive charge. Is the work done by 
the field in moving a small positive charge from Q to P positive or 
negative? Give reason.  
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 μC, 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 VA = VB =  1

4𝜋𝜋𝜋𝜋₀
  𝑞𝑞
𝑅𝑅
 

,Where R is the radius of the circle. Work done W= q (VB – VA) = q (VA – 
VA) = 0  
3. VA = VB , Hence Q = 20µC 
4. (i) When battery remains connected, the potential difference remains the same. 
    (ii) 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. Uf : 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 

X and Y is 4 μF.  
(b) Calculate the potential difference across the plates of X and Y.  (CBSE 2026 55/5/1) 
Q2 A 12 μF capacitor is charged to a potential difference of 150V. The terminals of the charged 
capacitor are then connected to those of an uncharged 6μF 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= 2x𝚤𝚤̂ +3y2𝚥𝚥̂ + 4𝑘𝑘� 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 10-7J) 
Q5 Five capacitors of capacitances C1 = C2 = C3 = C4= 10 µF and C5 = 2.5 µF 
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 1200 
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 S1 and S2 of radii 1 cm and 3 cm respectively are charged such 
that both have the same charge density (2/π x 10-9 C/m2). They are placed far away from each 
other and connected by a thin wire. Calculate the new charge on sphere S2. 
Q10. Three points A, B and C lie in a uniform electric field (E) of 5 × 103 

NC–1 as shown in the figure. Find the potential difference between (i)A 
and B, and (ii) A and C. 

SOLUTIONS 
1: 1/Ceq=1/C1 +1/C2   given that Ceq=4 , and Cx=C, CY=4C     so C=5μF and CY=4C =20μF. Total 
charge q= CeqV=24 x 10-6C , VX=q/Cx=4.8 V & VY=q/CY =1.2V 
2: Common potential across both the capacitors = 𝐶𝐶1𝑉𝑉1+𝐶𝐶2𝑉𝑉2

𝐶𝐶1+𝐶𝐶2
 , V2=0 so Vc=100V ,  

Charge on C1  , q1=C1Vc=12 μFx100V=1200 μC and q2=C2Vc=600 μC 
3: W=∫𝐸𝐸.𝑑𝑑𝑑𝑑 = ∫2x𝚤𝚤̂  + 3𝑦𝑦2 𝚥𝚥̂  +  4𝑘𝑘�  . (𝑑𝑑𝑑𝑑𝑑𝑑 + 𝑑𝑑𝑑𝑑𝑑𝑑 + 𝑑𝑑𝑑𝑑𝑑𝑑) , W=x2+y3+4z evaluate this from (0,-
2,-5) to another point (5,1,2) & we get W=186J. 
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4:  Ans: common potential = Vc=50V, Ui=1/2 CV2 = 5x10-7J and Uf = 2.5 x 10-7J. Change in the 
energy = 2.5 x 10-7J 
5: Ceq = 2.5 + 2.5 = 5 µF, q1 = q2 = q3 = q4 = 2.5 × 50 = 125 
µC, q5 = 2.5 × 50 = 125 µC 
6: a) Electric potential due to point charge V= kq/R Value of 
each charge = -q, Total charge = -12q Total potential V=k (-
12q)/R = -12q/4πε0R . 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=-12q/4πε0R 
7: a) Initially Q= CV Finally qA=CAV1 and qB=CBV1; qA/ qB=CA/CB =1/2 
(b) qA+qB=Q , qA=Q/3 & qB=2Q/3 so UA+ UB/ UAi = 1/3 

8: Potential energy of the system = 𝑘𝑘(𝑄𝑄(−𝑞𝑞)
4𝑎𝑎

+ 𝑞𝑞𝑞𝑞
3𝑎𝑎
− 𝑞𝑞2

5𝑎𝑎
); Potential energy of the system = 0. 

So 𝐾𝐾 (𝑄𝑄(−𝑞𝑞)
4𝑎𝑎

+ 𝑞𝑞𝑞𝑞
3𝑎𝑎
− 𝑞𝑞2

5𝑎𝑎
) = 0; Q=12q/5 

9: Charge on sphere S1 : Q1  = surface charge density x surface Area =8 x 10-13 C. Charge on 
sphere S2 : 72 x 10-13 C     : When connected by a thin wire they acquire a common potential V 
and the charge remains conserved.  Q1+ Q2=  Q’1+ Q’2 on solving Q’1= 2x10-12C 
10: (i) Potential difference between A and B = E × (AB) = 5 × 103 × (4 × 10–2) = 200 volt 
(ii)  The line joining B to C is perpendicular to electric field, so potential of B = potential of C 
i.e., VB = VC Distance AB =4 cm 
Potential difference between A and C = E × (AB) = 5 × 103 × (4 × 10–2) = 200 volt 
                                           PRACTICE QUESTIONS 
Q1. A charged particle of mass m and charge q is  kept initially at 
rest on a frictionless surface. Another charged particle of mass 4m 
and charge 2q starts moving with velocity v towards it. Calculate 
the distance of the closest approach for both the charged particles. 
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. 

 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 25 

 

ANSWERS 

1. 1
4𝜋𝜋𝜋𝜋₀

 5𝑞𝑞
2 

𝑚𝑚𝑣𝑣2
   2. q=0  3. 3X10-6 J 4.C = KC0 ,V= 1

𝐾𝐾
V0, E= 1

𝐾𝐾
E0     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 
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 𝚤𝚤̂ ?  
(A) I  (B) II      (C) III  (D) IV 
(ii) An electron is released midway between the plates of pair IV. It will:  
(A) Move along 𝚤𝚤̂ at constant speed (B) move along -𝚤𝚤̂ at constant speed 
(C) Accelerate along 𝚤𝚤̂   (D) accelerate along -𝚤𝚤̂ 
(iii) Let E1, E2, E3 and E4 be the magnitudes of the electric field between the pairs of plates, I, II, 
III and IV respectively, then:  
(A) E1 > E2 > E3 > E4      (B) E3 > E4 > E1 > E2 
(C) E4 > E3 > E2 > E1      (D) E2 > E3 > E4 > E1 
(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 1011 C/kg)  
(A) 1.3 X 105 m/s  (B) 2.6 X 106 m/s (C) 6.5 X 105 m/s  (D) 5.2 X 107 m/s  
2. A parallel plate capacitor is an arrangement of two identical 
metal plates kept parallel, a small distance apart. The capacitance 
of a capacitor depends on the size and separation of the two plates 
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 10µF to 80µF 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 -𝚤𝚤̂ (iii) (C) E4 > E3 > E2 > E1 (iv) (B) 2.6 X 106 m/s 

Ans.2 (a) K=8         (b) Cs= 𝐶𝐶
𝑛𝑛
  (c) Potential difference decreases by a factor 1/K,   Energy  

reduces by a factor 1/K 
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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. 
(i) 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) E/2 
(ii) 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)  
                                        (b)     (c) (d)                              
 
 
(iii) 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 
perpendicular to the plates. Which of the graphs shown correctly 
the variation of the magnitude of electric field strength E along 
the line MN?  

(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 E1 and electric field 
between the second pair of the plate is E2. The potential difference between the third and first 
plate is?  

(a) (𝐸𝐸1����⃗ +𝐸𝐸2����⃗ ). 𝑑𝑑             (b) (𝐸𝐸1����⃗ -𝐸𝐸2����⃗ ). 𝑑𝑑                    (c) (𝐸𝐸2����⃗ -𝐸𝐸1����⃗ ). 𝑑𝑑                   (d) d(E1+ 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, 
electrostatic energy is stored in the capacitor. The figure 
shows three large square metallic plates, each of edge length 
‘L’ held parallel and equidistant from each other. The space 
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between P1 and  P2 and P2 and P3 is completely filled with mica sheets of dielectric constant K. 
The plate P2 is connected to point A and other plates P1 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 

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

(a) 𝜀𝜀0𝐾𝐾𝐾𝐾
2

𝑑𝑑
       (b) 𝜀𝜀0𝐾𝐾𝐾𝐾

2

2𝑑𝑑
                   (c) 2𝜀𝜀0𝐾𝐾𝐾𝐾

2

𝑑𝑑
           (d) 2𝜀𝜀0𝐾𝐾𝐾𝐾

𝐿𝐿2
 

(ii) The charge on plate P1 is:  

(a) 𝜀𝜀0𝑉𝑉𝑉𝑉𝑉𝑉
2

2𝑑𝑑
               (b) 𝜀𝜀0 𝑉𝑉𝑉𝑉𝑉𝑉2

𝑑𝑑
                    (c) 2𝜀𝜀0𝑉𝑉𝑉𝑉𝑉𝑉

2

𝑑𝑑
                 (d) 𝜀𝜀0𝑉𝑉𝑉𝑉𝑉𝑉

2

4𝑑𝑑
        

(iii) The electric field in the region between P1 and P2 is:  
(a) V/d          (b)  2V/d          (c) V/2d                (d) d/V 

(iv)  The separation between the plates of same area L2 of a parallel plate air capacitor 
having capacitance equal to that of this system, will be :  

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

Ans.1 (i) (c) E/4. (ii) (d)                   (iii)(c)  (iv)  (a) (𝐸𝐸1����⃗ +𝐸𝐸2����⃗ ). 𝑑𝑑 

Ans 2: (i)  (c) 2𝜀𝜀0𝐾𝐾𝐾𝐾
2

𝑑𝑑
              (ii) (b) 𝜀𝜀0 𝑉𝑉𝑉𝑉𝑉𝑉2

𝑑𝑑
            (iii) (a)V/d         (iv) (c) d/2K               

LONG ANSWER TYPE QUESTIONS 
Q1 (i)Find the equivalent capacitance between A and B in the given figure.  
(ii) A dielectric slab is inserted between the plates of a 
capacitor. The electric between the plates decreases. Explain. 
(iii) A capacitor A of capacitance C , having a  charge Q is 
connected across another uncharged capacitor B of capacitance 
2C find an expression for (a) potential difference across the 
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. 
Find the equivalent capacitance of the system   
Q2. (i) An electric dipole (dipole moment 𝑝⃗𝑝 = p𝚤𝚤̂ ), consisting of charges 
- q and q, separated by distance 2a, is placed along the x-axis, with its 
centre at the origin. Show that the potential V, due to this dipole, at a 

point x, (x >> a) is equal to 1
4𝜋𝜋𝜋𝜋₀

 𝑝𝑝.���⃗ 𝚤̂𝚤 
𝑥𝑥2

 

 (ii) Two isolated metallic spheres S1 and S2 of radii 1 cm and 3 cm 
respectively are charged such that both have the same 

charge density �2
𝜋𝜋

 𝑋𝑋 10−9�C/m2.. They are placed far 
away from each other and connected by a thin wire. 
Calculate the new charge on sphere S1. 
Q3 (i) 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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(ii) 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: (i) Cnet= C+C = 2C, (ii) Within the dielectric slab, induced electric field due to polarization, 
Decreases the electric field. E=Eo/K (iii) (a)V’= Qtotal / Ceq = Q/3C = V/3      (b) charge lost by 
capacitor = Q-Q/3 = 2Q/3 (iv) C1=6Kε0A/d, C2=3Kε0A/2d , 1/Ceq=1/C1+1/C2  ; Ceq = 6Kε0A/5d   

2 : (i) Derive expression of potential at P,  V =  1
4𝜋𝜋𝜋𝜋₀

 𝑝𝑝 
𝑥𝑥2−𝑎𝑎2

 As p is along x-axis so, V =  1
4𝜋𝜋𝜋𝜋₀

 𝑝𝑝.���⃗ 𝚤̂𝚤 
𝑥𝑥2−𝑎𝑎2

 

If x>>a, V= 1
4𝜋𝜋𝜋𝜋₀

 𝑝𝑝.���⃗ 𝚤̂𝚤 
𝑥𝑥2

 (ii) Charge on S1 = σ x 4πr2 = �2
𝜋𝜋

 𝑋𝑋 10−9� x 4π (1𝑋𝑋 10−2)2 = 8 X 10-13 C, 

Charge on S2 = σ x 4πr2 = �2
𝜋𝜋

 𝑋𝑋 10−9� x 4π (3𝑋𝑋 10−2)2 = 72 X 10-13 C When connected by thin 

wire they acquire common potential V and charge remains conserved Q1 + Q2 = 𝑄𝑄1′  + 𝑄𝑄2′  and 𝑄𝑄1
′

𝑄𝑄2′
 

= 𝑟𝑟2
𝑟𝑟1

, On solving 𝑄𝑄1′  = 2 X 10-12 C 

3: (i) Derivation of expression of potential Energy, U(θ) = -p E 𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃  = 𝑝⃗𝑝. 𝐸𝐸�⃗  
(1) Potential energy is maximum θ =1800, (2) Potential energy is minimum θ = 00 
(ii) Consider an equilateral triangle of side a, Potential energy U= 𝑘𝑘𝑘𝑘1𝑞𝑞2

𝑎𝑎
 + 𝑘𝑘𝑘𝑘2𝑞𝑞3

𝑎𝑎
 + 𝑘𝑘𝑘𝑘1𝑞𝑞3

𝑎𝑎
 

U= 𝑘𝑘 𝑞𝑞 .2𝑞𝑞
𝑎𝑎

 + 𝑘𝑘 2𝑞𝑞 .𝑛𝑛𝑛𝑛
𝑎𝑎

 + 𝑘𝑘 𝑞𝑞 .𝑛𝑛𝑛𝑛
𝑎𝑎

, According to question U=0, So 𝑘𝑘 𝑞𝑞 .2𝑞𝑞
𝑎𝑎

 + 𝑘𝑘 2𝑞𝑞 .𝑛𝑛𝑛𝑛
𝑎𝑎

 + 𝑘𝑘 𝑞𝑞 .𝑛𝑛𝑛𝑛
𝑎𝑎

 = 0,          After 

solving n = −2
3
 

PRACTICE QUESTIONS 
 1. (i) Draw equipotential surfaces of an electric dipole. 
(ii) Two point charges q1 and q2 are located at 𝑟𝑟1���⃗  and 𝑟𝑟2���⃗  respectively in an external field 𝐸𝐸�⃗ . Obtain an 
expression for potential energy of the system 
(iii) The dipole moment of a molecule is 10-30 Cm. It is placed in an electric field 𝐸𝐸�⃗  of 105 V/m such 
that its axis is along the electric field. The direction of 𝐸𝐸�⃗  is suddenly changed by 60° at an instant. 
Find the change in the potential energy of the dipole, at that instant. 
2. (i) 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 µC, – 1 µC and + 2 µC 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. (i) Suitable Diagram, (ii) potential energy of the system = 𝑞𝑞1 V (𝑟𝑟1���⃗ ) + 𝑞𝑞2 V (𝑟𝑟2���⃗ ) + 1

4𝜋𝜋𝜋𝜋₀
  𝑞𝑞1𝑞𝑞2
𝑟𝑟12

, 

(iii) 5 X 10 -26J 
2. (i) Derivation of correct expression. C = 𝐾𝐾𝜀𝜀0 𝐴𝐴

𝑑𝑑−𝑡𝑡+𝑡𝑡𝑘𝑘
 . (ii) C1 = 40µf  and C2 = 10µf 
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3. (a) Correct derivation U= - pE𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃 . (b) Suitable Diagram (c) W = -0.09 J 
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CHAPTER 03 
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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 1.6×10⁻⁸ Ω•m. A silver wire of length 2 m and radius 1 
 mm has resistance approximately:      [NEET 2025] 
(a)  0.010 Ω  (b) 0.020 Ω  (c) 0.032 Ω  (d) 0.064 Ω 
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: n²  (b) n²: 1  (c) 1: n  (d) n: 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 Ω at 0°C. If the temperature coefficient of resistance 
is 4 × 10⁻³ /°C, its resistance at 100°C will be:    [JEE Main 2022] 
(a) 12 Ω   (b) 14 Ω  (c) 16 Ω   (d) 20 Ω 
8. Two cells of emf 2V and 4V and internal resistance 1Ω and 2Ω 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 Ω and 1Ω, 
respectively connected in parallel, gave current of 1A through an external 
resistance. If the polarity of one cell is reversed, then value of current 
through the external resistance will be α

5
 A. The value of α 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) 
(a) σA= σB        (b) EA < EB       (c) 𝑣𝑣𝑑𝑑𝐴𝐴  < 𝑣𝑣𝑑𝑑𝐵𝐵      (d) All of these 
12. The magnitude and direction of the current in the circuit 
shown will be  
(a) 7

3
A from a to b through e     (b)7

3
A from b to a through e 

(c) 1 A from b to a through e   (d)1 A from a to b through e 
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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     
 (a) 0 (b) 0.5Ω            (c) 1.5Ω       (d) 2Ω 
14. The charge on the shown capacitor in steady state is 

 
(a) 4 µC (b) 8 µC  (c) 12 µC  (d) Zero 

 
15. Cells are able to generate current with biological cells called electro 
plaques. The electro plaques in an eel are arranged in 100 
rows, each row stretching horizontally along the body of the 
fish containing 5000 electro plaques. The arrangement is 
suggestively shown below. Each electro plaques has an emf 
of 0.15 V and internal resistance of 0.25 Ω. The water 
surrounding the eel completes a circuit between the head and 
its tail. If the water surrounding it has a resistance of 500 Ω, 
the current an eel can produce in water is about  
(a) 1.5 A       (b) 3.0 A         (c) 15 A            (d) 30 A  
16. Two batteries, one of emf 18 volts and internal resistance 2𝛺𝛺 and 
the other of emf 12 volt and internal resistance1𝛺𝛺, are connected as 
shown. The voltmeter 𝑉𝑉 will record a reading of 

(a) 15 volt      (b) 30 volt  (c)14 volt (d) 18 volt  
17. The internal resistances of two cells shown are 0.1𝛺𝛺 and 0.3𝛺𝛺. 
If 𝑅𝑅 = 0.2𝛺𝛺, he potential difference across the cell 
(a) B will be zero               (b) A will be zero   
(c) A and B will be 2V         (d) A will be > 2𝑉𝑉 and B will be < 2𝑉𝑉 
18. In Wheatstone's bridge 𝑃𝑃 = 9Ω, 𝑄𝑄 = 11Ω, 𝑅𝑅 = 4Ω and 𝑆𝑆 =
6Ω. How much resistance must be put in parallel to the resistance 𝑆𝑆 to balance the bridge  
(a) 24 Ω  (b) 44

9
 Ω   (c) 26.4 Ω   (d) 18.7 Ω 

19. When the key K is pressed at time 𝑡𝑡 = 0, which of the 
following statements about the current I in the resistor AB of 
the given circuit is true 
(a) I = 2 mA  at all t  (b) I oscillates between 1 mA and 2mA 
(c) I = 1 mA at all t 
(d) At t = 0 , I = 2 mA and with time it goes to 1 mA  
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. vd = eEτ/m ∝ E → vd halves. 
2. (c) For an ohmic wire, R = V/I is constant (independent of I or V). Resistance doesn't 
change. 
3. (a) RT = 10(1 + 4×10⁻³ × 75) = 10(1 + 0.3) = 10 × 1.3 = 13 Ω. 
4. (a) Pseries = V²/(nR); Pparallel = V²/(R/n) = nV²/R. Ratio = (V²/nR)/(nV²/R) = 1/n². 
5. (c) Initially l=40cm: P/Q = 40/60 = 2/3. After swap l=60cm: Q/P = 60/40 → P/Q still 2/3. 
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6. (a) v/2, vd = eEτ/m = eVτ/(mL). Since L is doubled (2L), vd becomes v/2. Radius change 
doesn’t affect vd if V and L are considered, though it affects current. 
7. (b) 14 Ω, Explanation: R = R₀(1 + αΔT) = 10(1 + 4 × 10⁻³ × 100) = 10(1 + 0.4) = 14 Ω. 
8. (b) 2.67V, εeq = (ε1/r1 + ε2/r2) / (1/r1 + 1/r2) = (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 = 3/4Ω, IAB = 27

6+3/4
 A, VAB = 4 x 6  =24V 

10. (a) 3 
11. (d) All of these 
12. (d) Applying Kirchoff's voltage law  
−1 × 𝑖𝑖 + 10 − 4 − 2 × 𝑖𝑖 − 3𝑖𝑖 = 0 ⇒ 𝑖𝑖 = 1𝐴𝐴(𝑎𝑎 𝑡𝑡𝑡𝑡 𝑏𝑏 𝑣𝑣𝑣𝑣𝑣𝑣 𝑒𝑒).∴Current = 𝑉𝑉

𝑅𝑅
= 10−4

6
= 1.0𝐴𝐴 

13. (d) In series , 𝑖𝑖1 = 2𝐸𝐸
2+2𝑟𝑟

 

 In parallel, 𝐼𝐼2 = 𝐸𝐸
2+𝑟𝑟2

= 2𝐸𝐸
4+𝑟𝑟

,      Since 𝑖𝑖1 = 𝑖𝑖2  ⇒ 2𝐸𝐸
4+𝑟𝑟

= 2𝐸𝐸
2+2𝑟𝑟

 ⇒ 𝑟𝑟 = 2𝛺𝛺 

14. (a) Potential Difference across capacitor =2/3 V, Q = CV so Q = 4 µC  
15 (a) given problem is the case of mixed grouping of cells𝐼𝐼 =  𝑛𝑛𝑛𝑛

𝑅𝑅+𝑛𝑛𝑛𝑛𝑚𝑚
, so total current produced. 

Here m=100, n=5000,R=500Ω . E=0.15 V and r =0.25 Ω, 𝑖𝑖 = 5000 𝑋𝑋 0.15

500 + 5000 𝑋𝑋0.25
100

  = 1.5A 

16 (c) Reading of voltmeter, 𝐸𝐸eq= 𝐸𝐸1𝑟𝑟2+𝐸𝐸2𝑟𝑟1
𝑟𝑟1+𝑟𝑟2

=(18*1+12*2)/ (1+2) = 14 V 

17 (a) Applying Kirchhoff law,    (2 + 2) = (0.1 + 0.3 + 0.2)𝑖𝑖 ⇒𝑖𝑖 = 20
3
𝐴𝐴, Hence potential 

difference across A = 2 − 0.1 × 20
3

= 4
3
𝑉𝑉  (less than 2V), Potential difference across 𝐵𝐵 = 0 

18 (c)𝑃𝑃
𝑄𝑄

= 𝑅𝑅
𝑆𝑆′

 (For balancing bridge ⇒ 𝑆𝑆′ = 4×11
9

= 44
9    ⇒ 1

𝑆𝑆′
= 1

𝑟𝑟
+ 1

6 ⇒ 9
44
− 1

6
= 1

𝑟𝑟
  ⇒ 𝑟𝑟 = 26.4𝛺𝛺 

19 (d) At time t = 0 i.e. when capacitor is charging, current 𝑖𝑖 = 2
1000

= 2𝑚𝑚𝑚𝑚 
 When capacitor is full charged, no current will pass through it, hence the current through the 

circuit 𝑖𝑖 = 2
2000

= 1𝑚𝑚𝑚𝑚 

20 (d) 27:6:1 as   R α 𝑙𝑙
2

𝑚𝑚
  

 EXERCISE QUESTIONS 
1. A 50V battery is connected across a 10 Ω resistor. The current is 4.5 A. The internal resistance 
of the battery is 
(a) Zero (b) 0.5 Ω  (c) 1.1 Ω  (d) 5.0 Ω 
2. Two batteries, one of emf 18 volts and internal resistance 2 Ω and 
the other of emf 12 volt and internal resistance 1 Ω are connected as 
shown. The voltmeter 𝑉𝑉will record a reading of   
(a) 15 volt  (b) 30 volt  (c) 14 volt  (d)18 volt  
3. The magnitude and direction of the current in the circuit shown will 
be  
(a)  7

3
A from a to b through e  (b) 7

3
A from b to a through e 
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(c) 1 A from b to a through e   (d) 1 A from a to b through e  
 
4. 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 is 
(a) 4.5 V           (b) 1.5 V         (c)2.67 V         (d) 13.5 V 
5. Two batteries of e.m.f. 4V and 8 V with internal resistances 1 Ω and 
2 Ω are connected in a circuit with a resistance of 9 Ω as shown in figure.  
The current and potential difference between the points P and Q are  
(a)    1

3
𝐴𝐴, 3𝑉𝑉  (b)  1

6
𝐴𝐴. 4𝑉𝑉   (c) 1

9
𝐴𝐴, 9𝑉𝑉  (d)  1

2
𝐴𝐴, 12𝑉𝑉 

ANSWERS  (EXERCISE QUESTIONS) 
1. (c)     2.    (c)      3.     (d)        4.    (d)      5.     (d) 
 

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 = σE, where σ 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 2V and internal resistance of 
the cell is 1 Ω and R = 1Ω, then reading of the voltmeter is 1V.  
Reason:𝑉𝑉 = 𝐸𝐸 − 𝑖𝑖𝑖𝑖 where E = 2V, 𝑖𝑖 = 2

2
= 1𝐴𝐴 and R = 1 Ω   

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/n². 
Reason (R): Each piece has resistance R/n. When n such pieces are in parallel, equivalent 
resistance = (R/n)/n = R/n².    [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 vd = 
eEτ/m and τ decreases.  
2. (a) Explanation: Both statements are correct. J = σE is a vector relation — J is in the 
 direction of E (for isotropic conductors), and σ 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, 𝐸𝐸 = 2𝑉𝑉, 1 = 2
2

= 1𝐴𝐴 and 𝑟𝑟 = 1𝛺𝛺 . Therefore, 𝑉𝑉 = 𝐸𝐸 − 𝑖𝑖𝑖𝑖 = 2 − 1 × 1 = 1𝑉𝑉 
5. (d)      (6) (c)      (7) (b)      (8) (a)     (9) (a)     (10) (c)  

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) 
1. (a)     2.    (a)      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 (iii) 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 
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? 
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) = At2 + Bt + C. Where A, B and C are constants having 
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, T1 and T2 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 

 
 
 
 

3.  (i) The emf E of a cell is independent of 
external resistance (R). (ii) The terminal p.d. 𝑉𝑉 = 𝐼𝐼𝐼𝐼 = 𝐸𝐸

𝑟𝑟+𝑅𝑅
𝑅𝑅 =

𝐸𝐸
1+𝑟𝑟

𝑅𝑅
, On increasing R, V increases. When R = 0, V→ 0.  When R = 

r, 𝑉𝑉 =  𝐸𝐸
2
, When R → ∞, V = E. 

4. 𝑉𝑉𝑑𝑑 = 𝑒𝑒𝑒𝑒
𝑚𝑚

τ = 𝑒𝑒𝑒𝑒
𝑚𝑚𝑚𝑚

τ      and   R = ρ 𝑙𝑙
𝐴𝐴
 = ρ 𝑙𝑙

𝜋𝜋𝐷𝐷2
 

      (i) When V is doubled, 𝑉𝑉𝑑𝑑 becomes double and  R remains unchanged.  
      (ii) When l is halved, 𝑉𝑉𝑑𝑑 becomes double and R becomes halved  
      (iii) When D is halved, 𝑉𝑉𝑑𝑑 remains unchanged and R becomes 4R. 
5. Copper, R = 𝜌𝜌𝜌𝜌

𝐴𝐴
, 𝜌𝜌𝜌𝜌 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶.  

6.  Let  E be  emf of  each  cell and  r be  the total internal  resistance of circuit.   The 
equation of terminal potential difference     𝑉𝑉 = 3𝐸𝐸 − 𝐼𝐼𝐼𝐼…………(1) 
   At V = 6V, I = 0. Therefore from eq (1), 6 = 3𝐸𝐸 − 0 ⇒ 𝐸𝐸 = 2𝑉𝑉 
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. 
8. Current in the bulb = 𝑃𝑃

𝑉𝑉
= 4.5

1.5
= 3𝐴𝐴, Current in 1 Ω resistance = 1.5

1
= 1.5𝐴𝐴,Hence total 

current from the cell 𝑖𝑖 = 3 + 1.5 = 4.5𝐴𝐴,By using 𝐸𝐸 = 𝑉𝑉 + 𝑖𝑖𝑖𝑖  ⇒ 𝐸𝐸 = 1.5 +
4.5 × (2.67) = 13.5𝑉𝑉 

9. 𝐼𝐼 =  𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 ,   I = 2At + B, I = 44 A 
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10. If a constant current I flows through the conductor, resistance at temperature T1 and T2 is 
R2 > R1 

EXERCISE QUESTIONS 
1. Current of 4.8 amperes is flowing through a conductor. Find the number of electrons per 

second. 
2. When the current 𝑖𝑖 is flowing through a conductor, the drift velocity is 𝑣𝑣. If  2𝑖𝑖  current is 

flowed through the same metal but having double the area of cross-section, 
then find the drift velocity. 

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

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 l and diameter D. 
What is the effect on drift velocity of electrons if (i) V is halved (ii) l 
is doubled  (iii) D is halved 
2. Find the magnitude and direction of current in 1Ω resistor in the given 
circuit. 
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 
R1/R2 ? 
4. In the adjoining circuit, the battery 𝐸𝐸1 has an 𝑒𝑒.𝑚𝑚.𝑓𝑓. of 
12𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 and zero internal resistance while the battery 𝐸𝐸 has 
an 𝑒𝑒.𝑚𝑚.𝑓𝑓. of 2𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣. If the galvanometer 𝐺𝐺 reads zero, then 
find  the value of the resistance 𝑋𝑋 in ohm ? 
5. Plot a graph showing temperature dependence of 
resistivity for a typical semiconductor.  How is this behavior 
explained? 
6. Answer the following: 
 (i) Why are the connections between the resistors in a meter bridge made of thick copper strips? 
(ii) Why is it generally preferred to obtain the balance point in the middle of the meter bridge 
 wire? 
(iii) Which material is used for the meter bridge wire and why?  
7. In the circuit shown in the figure, the galvanometer ‘G’ gives zero 
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 
emf and internal resistance of each cell? 
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9. Using Kirchoff’s rules determine the value of unknown 
resistance R in the circuit so that no current flows through 4Ω 
resistance. Also find the potential difference between A and D? 

 
 

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

ANSWERS (SHORT ANSWER TYPE QUESTIONS) 
1.  𝑣𝑣𝑑𝑑 = 𝐼𝐼

𝑛𝑛𝑛𝑛𝑛𝑛
 = 𝑉𝑉/𝑅𝑅

𝑛𝑛𝑛𝑛𝑛𝑛
 = 𝑉𝑉

𝑛𝑛𝑛𝑛𝑛𝑛(𝜌𝜌𝜌𝜌𝐴𝐴 )
 

(i)  V is halved then drift velocity  is halved (ii) l is doubled then drift velocity  is halved 
(iii) Drift velocity is independent of D  
2. Use Kirchhoff’s laws to make equations, After solving the equations 
I1 = -1.2A 
3. Sol. For balanced Wheatstone bridge, if no current flows through the 
galvanometer 
4
6

= 𝑅𝑅1
9

  So, R1 = 6Ω and  6
𝑅𝑅2

= 12
8

 so R2 =4Ω, Hence R1/R2 =6/4=3/2 

4. For no current through galvanometer, we have , � 𝐸𝐸1
500+𝑋𝑋

�𝑋𝑋 = 𝐸𝐸 ⇒ � 12
500+𝑋𝑋

�𝑋𝑋 = 2 ⇒ X = 100 
Ω 

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 τ. So, resistivity decreases with increase in temperature. 
6. (i) A thick copper strip offers a negligible resistance, so does not alter the value of 
resistances used in the meter bridge. 
(ii) If the balance point is taken in the middle, it is done to minimise the percentage error 
in calculating the value of unknown resistance. 
(iii) 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 

𝐼𝐼 =
12

500 + 𝑅𝑅
 

And V=IR, � 12
500+𝑅𝑅

� R = 2 Solving R=100Ω 
8. We know that for a circuit 
V = 𝐸𝐸𝑒𝑒𝑒𝑒- I 𝑅𝑅𝑒𝑒𝑒𝑒 
From graph, when I=0 A, then V=6 V and I=1 A, then V=0 V. Putting in equation and solving 
𝐸𝐸𝑒𝑒𝑒𝑒= 6 V and 𝑅𝑅𝑒𝑒𝑒𝑒= 2 Ω, Hence emf of each cell = 2V. Resistance of each cell = 2 Ω 
9. Applying Kirchhoff's loop rule for loop ABEFA, –9 + 6 + 4 × 0 + 2I = 0, I = 1.5 A ...(i) 
For loop BCDEB, 3 + IR + 4 × 0 – 6 = 0, ∴ IR = 3 
Putting the value of I from (i) we have 
  1.5 X R =3 so R = 2 Ω 
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Potential diff. between A and D through path ABCD 
 9 – 3 – IR = 𝑉𝑉𝐴𝐴𝐴𝐴 9 – 3 – 1.5 x 2 = 𝑉𝑉𝐴𝐴𝐴𝐴 so 𝑉𝑉𝐴𝐴𝐴𝐴 = 3V 
10. it is a balanced wheatstone bridge 
Find equivalent resistance and hence find current I = 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 

currents in the range of a few amperes. How, then, is the current 
established almost the instant a circuit is closed? 

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

(III) The assertion that V =IR is a statement of Ohm’s Law is not true. Why? 
(ii) Two cells of emf 12 V and 6 V are connected in parallel as shown in figure. Their internal 

ressitance are 1 Ω and 0.5 Ωrespectively. 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 
difference between B and C.              [CBSE 2026] 

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

(i) Resistance of the resistor.  (ii) 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) (i) 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? 

(ii) 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 
flowing through branch FC in the given circuit  
      [CBSE 2026] 

(b) Establish the relation between drift velocity of the electrons (𝑣𝑣𝑑𝑑) 
and electric current (I) in the conductor. 

5. (i) (a) Explain the statement: “Current is a scalar although we 
represent current with an arrow”. 

(b) Use Kirchhoff’s rules to find the current flowing through 3 Ω 
resistor in the circuit shown in the figure. 

(ii) How is 𝑣𝑣𝑑𝑑 affected when the length of the conductor is doubled, 
keeping the voltage applied across the conductor constant? 

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 

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 

III. A 25 W and 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) 60J              (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   (d) 1 : 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 Ω, 0.20Ω and 0.15Ω respectively. The battery is connected to an external resistor 
of 6.5 Ω wire a very low resistance ammeter, what would be the reading of ammeter? 

(a) 1.1Ω   (b) 1Ω    (c) 2 Ω   (d) 2.1 Ω 
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)1/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 Ω then the TPD is 2 V and when 
the same is repeated for an external resistance of 10 Ω then the TPD is 2.4 V. What is the 
EMF and internal resistance of cell? 

         (a)2.5 V,3Ω   (b) 3 V,3.5Ω   (c) 3 V,2.5Ω   (d) 2.5 V,3 
ANSWERS  (CASE STUDY BASED QUESTIONS) 

 
1 (i)c   (ii) a  (iii) a  (iv) b 
2 (i)a   (ii) b  (iii) c  (iv) d 
3 (i)d   (ii) a          (iii) 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 
(Vd). The average time between successive collisions is known as relaxation time (𝜏𝜏). The 
magnitude of drift velocity per unit electric field is called mobility (µ ). An expression for 
current through the conductor can be obtained in terms of drift velocity, number of electrons 
per unit volume (n), electronic charge (-e), 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 (ρ) 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 (𝜏𝜏) and change in the number density of electrons (n). 

(i) 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 II is almost constant.  

(ii) A steady 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 III change, but I is constant.            (B) I and II change, but III is constant. 
(C) I and III change, but II is constant.            (D) All I, II and III change. 

(iii) The resistivity of iron is1 × 10−7𝑜𝑜ℎ𝑚𝑚 −𝑚𝑚. 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 𝑜𝑜ℎ𝑚𝑚 −𝑚𝑚 will be   

(a) 1 × 10−7 (b) 2 × 10−7  (c) 4 × 10−7 (d) 8 × 10−7 
(iv) The temperature coefficient of resistance for a wire is 0.00125/°𝐶𝐶. At 300K its resistance 

is 1 ohm. The temperature at which the resistance becomes 2 ohm is 
 (a) 1154 K (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. 

(i) The resistances in a resistance box are arranged in- 
(a) Series Combination (b) Parallel combination 
(c) Mixed grouped  (d) None of the above. 
(ii) 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. 
(iii) 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 (i) d       (ii) a (iii) a (iv) d    
2   (i) a        (ii) b (iii) b (iv) a 
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CHAPTER 04 
9 
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Multiple Choice Questions 
1. 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) 14.76 A  (d) 5.98 A 

2. A particle of charge -2 mC moves with a velocity vector v = (2î + 3ĵ) × 10⁶ m/s through a 
region with a uniform magnetic field B = 2ĵ T. The Lorentz force F acting on the particle is: 
(a) 8 × 10³ N along +k̂    (b) 4 × 10³ N along -k̂ 
(c) 8 × 10³ N along -k̂    (d) 12 × 10³ N along +k̂ 

3. Two long parallel wires are separated by a distance of 10 cm, carrying currents I₁ = 5 A and 
I₂ = 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 × 10⁻¹⁷ N  (b) 1.92 × 10⁻¹⁶ N  (c) 3.2 × 10⁻¹⁶ N (d) Zero 

4. A very long straight wire carries a current I along the positive Y-axis. At a certain instant, a 
charge +Q at position (x, 0, 0) moves with velocity v = vî. The direction of the magnetic 
force on the charge is: 
(a) Along –Z  (b) Along –Y  (c) Along +Z  (d) Along +Y 

5. 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 / √2 m  (b) 0.5√2 m  (c) 0.25 m  (d) 1.0 m 

6. 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 √3I flow through them respectively, the resultant 
magnetic field at the center is: 
(a) μ₀NI / 2R  (b) 2μ₀NI / R  (c) μ₀NI / R  (d) √2μ₀NI / R 

7. A non-conducting ring of radius R has a total charge Q distributed uniformly. It rotates with 
an angular velocity ω about its axis. A uniform magnetic field B is applied perpendicular to 
the axis. The torque on the ring is: 
(a) (1/2)QωR²B  (b) QωR²B  (c) (1/4)QωR²B (d) Zero 

8. 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) μ₀I² / 2πd  (b) √3μ₀I² / 2πd  (c) μ₀I² / πd (d) 2μ₀I² / πd 

9. A square loop of side L carrying current I₂ is placed in the same plane as a long straight 
wire carrying current I₁. The side of the loop nearest to the wire is at a distance L. The net 
force on the loop is: 
(a) μ₀I₁I₂ / 2π  (b) μ₀I₁I₂ / 4π   (c) μ₀I₁I₂ / 6π (d) Zero 

10. 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: 
(a) 0.1 N, 0.01 Nm  (b) 0, 0  (c) 0.5 N, 0  (d) 0, 0.05 Nm 
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11. A moving coil galvanometer (MCG) has a resistance of 100 Ω. 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 𝑅𝑅𝑓𝑓 is added in series only to the galvanometer branch. If the original full-
scale deflection current was 𝐼𝐼𝑔𝑔, the new maximum current I that the ammeter can measure 
is: 
(a) 𝐼𝐼𝑔𝑔 [1 + (G + 𝑅𝑅𝑓𝑓)/S]    (b) 𝐼𝐼𝑔𝑔 [1 + G/(S + 𝑅𝑅𝑓𝑓)]  
(c) 𝐼𝐼𝑔𝑔 [(G + S)/S]     (d) 𝐼𝐼𝑔𝑔 [1 + S/(G + 𝑅𝑅𝑓𝑓)] 

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  (b) I a² B  (c) 2 I a² B  (d) -I a² 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) +y    (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 ∥ B only (b) q = 0 only         (c) v = 0 only (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   (d) B 

1 (b) 2 (c) 3 (a) 4 (d) 5 (a) 

6 (c) 7 (a) 8 (b) 9 (b) 10 (b) 

11 (a) 12 (a) 13 (b) 14 (c) 15 (d) 

16 (c) 17 (b) 18 (a) 19 (d) 20 (a) 

Assertion-Reason Questions 

ANSWER KEY WITH EXPLANATION 
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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. 
(c) A is true but R is false. 
(d) A is false but R is true. 

1. 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. 

2. 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. 

3. 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. 

4. 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. 

5. 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. 

6. 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. 

7. 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, 3.D,  4. A,  5. C,  6. B,  7. D 

Two-Mark Questions 
1. 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. 

2. 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. 

3. 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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4. 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. 

5. 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? 

6. Two infinitely long straight parallel wires separated by a distance d carry currents I and 3I in 
opposite directions. Locate the exact point on the line joining them where the net magnetic 
field is zero. 

7. 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. 

8. A square loop of side a carrying current I lies flat in the X-Y plane. A uniform magnetic field 
B = B₀ (î + k̂) is applied. Calculate the magnitude of the magnetic torque acting on the loop. 

9. 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 (θ) 
change? 

10. A student mistakenly connects a laboratory ammeter in parallel with a 10 Ω resistor in an 
active circuit. Explain the electrical consequence of this error on the ammeter and the circuit. 

Solutions: 
1. Field on axis: 𝐵𝐵𝑥𝑥 = (μ₀IR²) / [2(R² +  x²)3 2� ]. Field at centre: 𝐵𝐵𝑐𝑐 = μ₀I / 2R.  

Given 𝐵𝐵𝑥𝑥 = 𝐵𝐵𝑐𝑐 / 8.  
=> (μ₀IR²) / [2(R² +  x²)3 2� ] = 1/8 * (μ₀I / 2R).=> R² /((R² +  x²)3 2� ) = 1 / 8R  
=> 8R³ = (R² +  x²)3 2�  => 2R = √ (R² + x²) => 4R² = R² + x² => x = √3 R. 

2. Annular region (radius r): Enclosed current is I.  
By Ampere's Law: B(2πr) = μ₀I => B = μ₀I / (2πr).  
(ii) Outside the tube: Net enclosed current 𝐼𝐼𝑛𝑛𝑛𝑛𝑛𝑛 = I - I = 0. Therefore, B = 0. 

3. It will deflect towards the magnetic field.  
Justification: Magnetic force 𝐹𝐹𝑚𝑚= qvB, Electric force 𝐹𝐹𝑒𝑒 = qE.  
Given v > E/B => vB > E => qvB > qE. Since 𝐹𝐹𝑚𝑚 > 𝐹𝐹𝑒𝑒, the magnetic force dominates. 

4. Magnetic force 𝐹𝐹𝑚𝑚 = q(v × B).  
By properties of cross product, 𝐹𝐹𝑚𝑚 is always perpendicular to velocity v.  
Work done dW = 𝐹𝐹𝑚𝑚 · dx = 𝐹𝐹𝑚𝑚 v dt = 0 (since 𝐹𝐹𝑚𝑚 ⊥ v).  
By Work-Energy Theorem, since W = 0,  ΔK = 0. Hence, KE is constant. 

5. For zero tension, magnetic force must balance weight: 𝐹𝐹𝑚𝑚 = mg => ILB = mg.  
Magnitude of current I = mg / LB.  
Direction: By Fleming's Left Hand Rule, current must flow such that the force is directed 
vertically upwards (opposite to gravity). 

6. Null point lies outside the wires, closer to the weaker current (I). Let distance be x from 
wire with current I. => μ₀I / (2πx) = μ₀(3I) / [2π(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. 

7. 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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8. Magnetic moment M = Ia² k̂ (since loop is in X-Y plane). Torque τ = M × B = (Ia² k̂) × B₀(î 
+ k̂) = Ia²B₀(k̂ × î) + Ia²B₀(k̂ × k̂). τ = Ia²B₀ ĵ.Magnitude of torque = Ia²B₀. 

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

10. 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 
1. 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 ω 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. 

2. 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 = π. It is placed in a uniform magnetic field B = B₀ ĵ (directed along the positive y-
axis). Using the vector properties of magnetic force, deduce the net magnetic force acting on 
this curved wire. 

3. 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 
(+î and +ĵ). 
(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. 

4. 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 Ω. 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. 

5. 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. 

6. An infinitely long, tightly wound solenoid carrying a current I has a uniform magnetic field 
B₀ 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. 

7. 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: 
1. The time period of one revolution is T = 2π / ω. The equivalent current I is defined as 

charge passing per unit time: I = Q / T = Q / (2π / ω) = (Qω) / (2π). 
(b) The magnetic field at the centre of a circular current loop is B = (μ₀I) / (2R). 
Substituting the equivalent current I: B = (μ₀) / (2R) * (Qω / 2π) = (μ₀Qω) / (4πR). 

2. 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 × B). 
The wire starts at x = 0 and ends at x = π. The displacement vector L = π î. 
The magnetic field is B = B₀ ĵ. 
F = I (π î × B₀ ĵ) = IπB₀ (î × ĵ) = IπB₀ k̂. 
The net force is IπB₀ directed along the positive z-axis. 

3. (a) Field due to wire along x-axis at point (x,y) is B₁ = (μ₀I) / (2πy) k̂ (for y>0). Field due to 
wire along y-axis is B₂ = -(μ₀I) / (2πx) k̂ (for x>0).  
For net field to be zero, B₁ + B₂ = 0 => (μ₀I) / (2πy) = (μ₀I) / (2πx). 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 (+k̂). For y<x, field is into 
page (-k̂). In the 3rd Quadrant (x<0, 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|. 

4. Figure of merit (k) is current per division. Total full-scale current 𝐼𝐼𝑔𝑔 = k × (Total 
Divisions). 
𝐼𝐼𝑔𝑔 = 0.005 A/div × 30 div = 0.15 A. 
Given G = 20 Ω, desired voltage V = 30 V. 
Series resistance required: 𝑅𝑅𝑠𝑠 = (V / 𝐼𝐼𝑔𝑔) - G.     𝑅𝑅𝑠𝑠 = (30 / 0.15) - 20 = 200 - 20 = 180 Ω. 
A resistance of 180 Ω must be connected in series. 

5. (a) Biot-Savart law for a moving charge: B = (μ₀/4π) * [q(v × r) / r³], where r is the position 
vector from the charge to the observation point. 
(b) Electric field magnitude E = (1/4πε₀) * (q/r²). 
Magnetic field magnitude (since v and r are perpendicular, angle is 90°): B = (μ₀/4π) * 
(qv/r²). 
Ratio B/E = [(μ₀/4π) * (qv/r²)] / [(1/4πε₀) * (q/r²)] = (μ₀ε₀) * v. 
Since μ₀ε₀ = 1/c², the ratio B/E = v/c². 

6. Imagine an infinitely long solenoid spanning from -∞ to +∞. The field exactly at its centre 
(origin) is B₀.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 B₀ 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, 𝐵𝐵ℎ𝑎𝑎𝑎𝑎𝑎𝑎+ 𝐵𝐵ℎ𝑎𝑎𝑎𝑎𝑎𝑎 = B₀ => 2𝐵𝐵ℎ𝑎𝑎𝑎𝑎𝑎𝑎 = B₀ => 𝐵𝐵ℎ𝑎𝑎𝑎𝑎𝑎𝑎 = B₀ / 2. The field at the open 
end of a semi-infinite solenoid is exactly half the field deep inside. 

7. 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 B₁ = (μ₀I / 4πd) [sin(45°) + sin(45°)]. B₁ = [μ₀I / 4π(L/8)] * (1/√2 + 1/√2) = (2μ₀I / πL) 
* (2/√2) = (2√2 μ₀I) / πL.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 𝐵𝐵𝑛𝑛𝑛𝑛𝑛𝑛= 4 × B₁ = 4 * [(2√2 μ₀I) / 
πL] = (8√2 μ₀I) / πL. 

 Case-Based Question 

An Electromagnetic Blood Flow Meter measures blood velocity v without surgery. An 
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 
1. 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 

m₁ and m₂ (m₁ > 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 B₂. 
a) Deduce the relationship between the accelerating potential V and the fields E and B₁ 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 (m₁ or m₂) will hit the plate closer to the entry slit? Justify your 
answer mathematically. 

c) Write the exact mathematical expression for the spatial separation distance (Δx) 
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 Ω having a 
full-scale deflection current of 𝐼𝐼𝑔𝑔= 1 mA. They are asked to measure the potential 
difference across a 500 Ω resistor connected in series with a 10 V ideal battery and another 
500 Ω resistor. 
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a) The student first connects the galvanometer directly across the 500 Ω 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 Ω resistor. Calculate the percentage error in the measurement compared to 
the true theoretical voltage. 

3. 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 I 
and 4I respectively, in the same direction. Wire B, carrying a current I₀ 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 I₀ flowing through it? Give a reason. 

4. Two identical circular coils, C₁ and C₂, 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 C₁, midpoint O, and then C₂. Describe 
how the kinetic energy and the linear momentum vector of the alpha particle change 
during this entire journey. 

Solutions 
1. For undeflected passage, Lorentz force is zero: qE = qvB₁ => v = E/B₁.Velocity is acquired 

by accelerating through V: ½mv² = qV. Substituting v: ½m(E/B₁)² = qV => V = (mE²) / 
(2qB₁²).      
(b) In field B₂, radius r = mv / (qB₂). Since v, q, B₂ are identical for both, r ∝ m. Since m₂ < 
m₁, r₂ < r₁. The lighter isotope (m₂) hits closer to the entry slit. 
(c) Separation Δx = diameter₁ - diameter₂ = 2r₁ - 2r₂ = (2v / qB₂)(m₁ - m₂). Substituting v = 
E/B₁: Δx = (2E / qB₁B₂)(m₁ - m₂). 

2. (a) True voltage (voltage divider): V_true = 10 * [500 / (500+500)] = 5 V. Parallel 
resistance of G and 500 Ω: R_p = (500 * 100) / 600 = 83.33 Ω. Total resistance = 500 + 
83.33 = 583.33 Ω. Main current I = 10 / 583.33 = 0.0171 A. Voltage reading = I * 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 Ω 
(c) New voltmeter R_v = 10000 Ω. Parallel with 500 Ω: R'_p = (500 * 10000) / 10500 = 
476.19 Ω.Total resistance = 500 + 476.19 = 976.19 Ω. Main I = 10 / 976.19 = 0.01024 A. 
Measured Voltage Vm = I * R'p = 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 = (μ₀ I I₀) / (2πx). 
Force from C (repulsive, pushing left): F_C = (μ₀ 4I I₀) / (2π(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 4I. I₀ 
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 B₁ = (μ₀IR²) / [2(R² + (R/2)²)^(3/2)] = 

(4μ₀I) / (5√5 R). Net field B_net = B₁ + B₂ = 2 * B₁ = (8μ₀I) / (5√5 R). Direction: Along the 
common axis.  
(b) Proton remains perfectly stationary. Magnetic force F = q(v × 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 × B) = 0. With no transverse or 
longitudinal forces, linear momentum remains completely unchanged in both magnitude 
and direction.  
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CHALLENGE CORNER 

 

1. 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? 

2. A student is provided with two shunt resistors: 10 Ω and 0.01 Ω. Which resistor should 
they choose to convert a moving coil galvanometer into an ammeter, and how should 
it be connected? 

3. A steady electric current flows through a long, hollow copper pipe. Is there a magnetic 
field produced inside the pipe? 

4. 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". 

5. 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? 

6. 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? 

7. 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? 

8. 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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CHAPTER 05 
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Multiple Choice Questions 

1. A short bar magnet has a magnetic dipole moment m. Let 𝐵𝐵𝑎𝑎𝑎𝑎 and 𝐵𝐵𝑒𝑒𝑒𝑒 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? 
(a) 𝐵𝐵𝑎𝑎𝑎𝑎 = 2𝐵𝐵𝑒𝑒𝑒𝑒     (b) 𝐵𝐵𝑎𝑎𝑎𝑎 = -2𝐵𝐵𝑒𝑒𝑒𝑒    (c) 𝐵𝐵𝑒𝑒𝑒𝑒 = -2𝐵𝐵𝑎𝑎𝑎𝑎        (d) 𝐵𝐵𝑎𝑎𝑎𝑎 = 𝐵𝐵𝑒𝑒𝑒𝑒 
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 𝑞𝑞𝑚𝑚, magnetic length 2l, and cross-
sectional area A is considered, the intensity of magnetization I is equivalent to: 
(a) 𝑞𝑞𝑚𝑚 / A  (b) 𝑞𝑞𝑚𝑚 / 2l  (c) 𝑞𝑞𝑚𝑚 × A   (d) 𝑞𝑞𝑚𝑚 / (A × 2l) 
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) 5 cm  (c) 8.4 cm   (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⁻¹  (c) TmA⁻¹   (d) Am⁻¹ 
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. 

1. 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. 

2. 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°. 

3. 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. 

4. 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 τ = m × B. 

5. 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 

1. 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. 

2. 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. 

3. 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. 

4. 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. 

5. 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) 
1. Magnetic dipole moment m = IA. For a constant perimeter L, a circle encloses a greater 

area (𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = L²/4π) compared to a square (𝐴𝐴𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = L²/16). Since 𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 > 𝐴𝐴𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, the 
circular loop has the greater dipole moment. 

2. The true magnetic poles reside slightly inside the geometrical boundaries of the magnet. 
Therefore, the effective magnetic length (2l) is shorter than the geometric length (15 cm), 
making the true dipole moment (m = 𝑞𝑞𝑚𝑚 × 2l) lesser than calculated. 

3. 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. 

4. 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 (χ ∝ 1/T). 

5. 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 
1. Derive the expression for the magnetic field B at an axial point of a magnetic dipole of 

magnetic length 2𝑙𝑙 and pole strength 𝑞𝑞𝑚𝑚. Deduce the expression for a short magnet. 
2. 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. 
3. 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 
1. Net field B = 𝐵𝐵𝑁𝑁 - 𝐵𝐵𝑆𝑆 

B = (μ₀𝑞𝑞𝑚𝑚 / 4π) * [ 1/(r-l)² - 1/(r+l)² ] 
B = (μ₀𝑞𝑞𝑚𝑚 / 4π) * [ 4rl / (r² - l²)² ] 
Since dipole moment m = 𝑞𝑞𝑚𝑚 × 2l: 
𝐵𝐵𝑎𝑎𝑎𝑎 = (μ₀ / 4π) * [ 2mr / (r² - l²)² ] 
Short Magnet Approximation:  If r >> l, then r² - l² ≈ r². 
𝐵𝐵𝑎𝑎𝑎𝑎 = (μ₀ / 4π) * ( 2m / r³ ) 

2. 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 = IA. 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 
demagnetize the material. Loop Area: Represents energy 
dissipated as heat per cycle. Distinction: 
• 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 
area) to resist demagnetization. High coercivity. 

Case-Based Question 
Magnetic Properties and Hysteresis 
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 qm and magnetic length 2l. 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. 

2.  
a) Define the following terms and state their SI units: 

 (i) Magnetic Field Intensity (H)   
(ii) Magnetic Permeability (μ)    
(iii) Magnetic Susceptibility (χ) 

b) Establish the relation I = m/V = qm/A, showing how the intensity of magnetization 
relates to pole strength and cross-sectional area. 

3.  
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 θ. 

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 + l²). 
Magnetic field at P due to North pole: B_N = (μ₀/4π) * [𝑞𝑞𝑚𝑚 / (r² + l²)] 
Magnetic field at P due to South pole: B_S = (μ₀/4π) * [𝑞𝑞𝑚𝑚 / (r² + l²)] 
Vertical components (B sinθ) cancel out. Horizontal components (B cosθ) add up. 
Net Field Beq = 2 * B_N * cosθ.  
From geometry, cosθ = l / √(r² + l²). 
Beq = 2 * (μ₀/4π) * [𝑞𝑞𝑚𝑚 / (r² + l²)] * [l / √(r² + l²)] 

Beq = (μ₀/4π) * [(q_m * 2l) / (𝒓𝒓𝟐𝟐 + 𝒍𝒍𝟐𝟐)𝟑𝟑 𝟐𝟐� ] 

Since magnetic dipole moment m = 𝑞𝑞𝑚𝑚 * 2l:        Beq = (μ₀/4π) * [m / (𝒓𝒓𝟐𝟐 + 𝒍𝒍𝟐𝟐)𝟑𝟑 𝟐𝟐� ] 
b) Short Bar Magnet Comparison: 
For a short magnet, r >> l, so (r² + l²) ≈ r². 
Equatorial field becomes: 𝐵𝐵𝑒𝑒𝑒𝑒 = (μ₀/4π) * (m / r³) 
We know the Axial field is: 𝐵𝐵𝑎𝑎𝑎𝑎 = (μ₀/4π) * (2m / r³)     : 𝐵𝐵𝑎𝑎𝑎𝑎 = 2 * Beq. (Hence proved). 

2. a) Definitions and SI Units: 
(i) 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). 
(ii) Magnetic Permeability (μ): 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). 
(iii) Magnetic Susceptibility (χ): 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 = 𝑞𝑞𝑚𝑚/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 2l and cross-sectional area A, Volume V = A * 2𝑙𝑙 
The magnetic dipole moment m = 𝑞𝑞𝑚𝑚 * 2𝑙𝑙 (where 𝑞𝑞𝑚𝑚 is pole strength) 
Substituting these into the formula: I = (𝑞𝑞𝑚𝑚 * 2𝑙𝑙) / (A * 2𝑙𝑙) 
Cancelling 2𝑙𝑙 gives: I = 𝑞𝑞𝑚𝑚 / 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 = (μ₀ * I * a²) / [2 * (x² + a²)^(3/2)] 
For a large distance (x >> a), a² is neglected: B = (μ₀ * I * a²) / (2 * x³) 
Multiply numerator and denominator by π: B = (μ₀ * I * π * a²) / (2π * x³) 
Since Area A = π * a², we get B = (μ₀ * 2IA) / (4π * x³) 
Comparing this with a short bar magnet (B = (μ₀/4π) * 2m/x³), we see the loop acts as a dipole 
with magnetic moment m = IA. 
b) Calculation of Magnetic Dipole Moment: 
Formula: m = N * I * A 
Given: N = 100, I = 2 A, r = 5 cm = 0.05 m Area A = π * r² = 3.14 * (0.05)² = 0.00785 m² 
m = 100 * 2 * 0.00785 = 1.57 A·m² 
c) Torque Formula: 
τ = mB sinθ (In vector form: τ = m × B) 
  Where m is the magnetic dipole moment, B is the magnetic field, and θ is the angle between 
them. 
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CHAPTER 06 
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MULTIPLE CHOICE QUESTIONS 
1. Figure shows a rectangular conductor PSRQ in which 
movable arm PQ has a resistance ‘r and resistance of 
PSRQ is negligible. The magnitude of emf induced when 
PQ is moved with a velocity v does not depend on (CBSE 
2025) 
 (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. 
  
(b) there is a varying current in A. (c) there is no current in A. 
  
(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 10–5 weber. The 
inductance is (CBSE 2025) 
(a) 0.2 H    (b) 2.0 mH    (c) 0.02 mH  (d) 0.002 H 
4. In a coil of resistance 10 π, the induced current developed by 
changing magnitude of change in flux through the coil in weber is 
(CBSE 2025) 
(a) 8    (b) 2    (c) 6  (d) 4
  
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) 50 V   (b) 75V   (c) 100 V    (d) 220 V 
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: 
(a) 0.1 V   (b) 0.25 V   (c) 0.5 V  (d) 1.0 V 
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 × 10⁻3 V  (b) 6.28 × 10⁻5 V (c) 1.256 × 10⁻4 V (d) 6.28 × 10⁻2 V 
11. A farmer installed a small coil of area 𝐴𝐴₀ near an electromagnet in his irrigation pump system. 
The magnetic field linked with the coil changed uniformly from 𝐵𝐵₀ to 4𝐵𝐵₀ in a time interval t. 
The magnitude of the emf induced in the coil will be: 
(a) 3𝐴𝐴𝑜𝑜𝐵𝐵𝑜𝑜

𝑡𝑡
    (b) 4𝐴𝐴𝑜𝑜𝐵𝐵𝑜𝑜

𝑡𝑡
  (c) 3𝐵𝐵𝑜𝑜

𝐴𝐴𝑜𝑜𝑡𝑡
    (d) 4𝐵𝐵𝑜𝑜

𝐴𝐴𝑜𝑜𝑡𝑡
 

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) 𝑎𝑎 > 𝑔𝑔   (b) 𝑎𝑎 < 𝑔𝑔    (c) 𝑎𝑎 =  𝑔𝑔     (d) 𝑎𝑎 = 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 × 10⁻3 m² is placed perpendicular to a magnetic 
field which varies as B=0.5 sin(100πt) T. The magnitude of induced emf in the loop at t = 0s: 
(NEET 2025)  
(a) 125π mV   (b) 12.5π mV   (c) 125π V  (d) 12.5π V 
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: 
(a) increasing its area of cross-section  (b) increasing its length 
(c) changing the medium inside it    (d) increasing the current through it 

ANSWERS 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
c d a c a d b c b b a b c a d 
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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 l and area of crosssection A, with a fixed number 
of turns N increases as 
(a) l and A increase.        (b) l decreases and A increases.   
(c) l increases and A decreases.      (d) both l 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) 87.7 kJ                (b) 43.8 kJ                (c) 48.7 kJ               (d) 24.4 kJ 
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) and F (0, 0, L). A magnetic field (B=Bo (i+ k) T is present in the region. The flux 
passing through the loop ABCDEFA (in that order) is 
(a) BoL2   (b)2BoL2   (c) √2BoL2  (d) 4BoL2 

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) 

TAKE THE CHALLENGE 
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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 e a a a c b a c a a a 

 

 
1. Assertion (A): When a coil is rotated in a uniform magnetic field about an axis perpendicular 
to the field, emf is induced in it which is maximum for the orientation of coil in which magnetic 
flux through the coil is zero.  

TAKE THE CHALLENGE 
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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),  2-(a),  3-(b),  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 φ (in Wb) linked with a 
coil varies with time t (in seconds) according to the relation: 𝜑𝜑 =  5𝐴𝐴𝐴𝐴² +  𝐵𝐵𝐵𝐵 −  2𝐶𝐶 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 
identical bar magnets are placed on opposite sides of a 
metallic circular loop connected to an uncharged capacitor ‘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 
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 
greater induced current? Give reason for your answer. 
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.  
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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 
decreasing at a constant rate. What is the direction of induced current in 
the loop? 
10. The figure shows the variation of induced emf as a function of rate 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, 𝜀𝜀 = −𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
 = −(10𝐴𝐴𝐴𝐴 + 𝐵𝐵) 

(b) The magnitude of induced emf will be minimum at 𝑡𝑡 = 0 𝑠𝑠 
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 (N₁ and N₂) 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 (𝜀𝜀 =
 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁), but resistance of copper coil is less  ρCu <  ρAl , so 𝐼𝐼 =  𝜀𝜀/𝑅𝑅 is larger for copper. 
7. Z 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.  
9. Faraday’s Law definition:  𝜀𝜀 =  −𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
  . Direction of induced current is such that it tries to 

increase the magnetic flux (opposes the decrease). 
10. From the graph,  =  ε

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝐿𝐿 . Slope of X is more than that of Y. Hence X is iron-cored because 

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 𝑅𝑅 and length 𝐿𝐿 has 𝑛𝑛 turns per unit length. A circular loop of radius 
𝑟𝑟 (< 𝑅𝑅) 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 
with a constant velocity of 20  
cms-1 till it goes out of the field. 
(a) Depict the direction of the induced current in the loop as it 
goes out of the field. 
(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. 
 
6. Figure shows a rectangular loop conducting PQRS in which the arm PQ is free to move. A 
uniform magnetic field acts in the direction perpendicular to the 
plane of the loop. Arm PQ is moved with a velocity v towards the 
arm RS. Assuming that the arms QR, RS and SP have negligible 
resistances and the moving arm PQ has the resistance r. Obtain the 
expression for  
(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/𝜋𝜋 cm2 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 l) and the permeability of the medium (μ) inside the solenoid. 

SOLUTIONS- 3 MARKS QUESTIONS 
1. (a) Define Mutual induction and write its SI Unit 
    (b) Derive to get 𝑀𝑀 =  𝜇𝜇₀ 𝑛𝑛² 𝜋𝜋 𝑟𝑟² 𝑙𝑙 
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: 
(i) By changing magnetic field with time. 
(ii) By changing area of the coil with time in the magnetic field. 
(iii) 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 10-6 Wb 
     (b) M12 = 4.92 X 10-7 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. 
6. (a) I = 𝐵𝐵𝐵𝐵𝐵𝐵

𝑟𝑟
    (b)     F = B2 l2 𝑣𝑣

𝑟𝑟
   (c)    P =B2 𝑙𝑙2 𝑣𝑣

2

𝑟𝑟
 

7. (a) Mutual inductance decreases. (b) Mutual inductance decreases. (c) Mutual inductance 
increases. Using Formula: 𝑀𝑀 =  (𝜇𝜇₀ 𝜇𝜇ᵣ 𝑁𝑁₁ 𝑁𝑁₂ 𝐴𝐴) / 𝑑𝑑   (𝑜𝑜𝑜𝑜 𝑀𝑀 =  𝜑𝜑₂₁ / 𝐼𝐼₁) 
8. The instantaneous induced emf is given by: 𝜀𝜀 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝜔𝜔𝜔𝜔 
The maximum value of induced emf is: 𝜀𝜀𝑚𝑚𝑚𝑚𝑚𝑚  =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 
Substituting the values: 𝜀𝜀𝑚𝑚𝑚𝑚𝑚𝑚= 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. 𝐿𝐿 = μ𝑛𝑛2𝐴𝐴𝐴𝐴 , where 𝑛𝑛 = 𝑁𝑁

𝑙𝑙
 

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 l 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 cm2 placed inside the 
solenoid normal to its axis. If the current carried by the solenoid changes steadily from 2.0 A to 
4.0 A in 0.1 s, what is the induced emf in the loop while the current is changing? 
 
3. (a) Define coefficient of self-induction. 
Obtain an expression for mutual-inductance 
of a long solenoid of length ‘l’, area of cross-
section ‘A’ having ‘N’ turns.  
     (b) Calculate the self-inductance of a coil 
using the following data obtained when an 
AC source of frequency 200

𝜋𝜋
 Hz and a DC 

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 𝑒𝑒 = 3.14 𝑚𝑚𝑚𝑚 
2. State the law. 𝑒𝑒 = 7.54 𝜇𝜇𝜇𝜇 
3.  

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 
Physics. A conducting non-magnetic ring is placed over the vertical core 
of a solenoid. When current is passed through the solenoid, the ring is 
thrown off. 
(i) 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.  
(ii) 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 
(iii) 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  
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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 A to 0 A in 0.1  
second. The self-inductance of the circuit is  
(a) 3.5 H       (b) 3.9 H      (c) 4 H     (d) 4.2 H  
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. 
(i). 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 √2 times  
(ii). 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  
(iii). 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.  (i) (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.  
(ii) (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.   (iii) (d)  
(iv) (c) Opposite currents are induced in loops, so loops repel each other.  
OR (c) Self inductance, L = 4 H 
2. (i). (a) By doubling the current  (ii). (c) 27 times (iii). (d) Energy (iv). (c) 
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CHAPTER 07 
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MULTIPLE CHOICE QUESTIONS 
1. A series LCR circuit with R=3 Ω, Xc =4 Ω, XL=8 Ω 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 C1 & C2 with the reciprocal of angular frequency (1/ ω) of ac source. The value of 
C1/C2 is (CBSE 2026) 
(a) 1/2    (b) 2    (c) √3   (d) 1

√3
 

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    (c) R     (d) S 
4. An ac voltage V = V0 sinwt is applied to a series combination of a resistor R 
and an element X. The instantaneous current in the circuit is 𝐼𝐼 = 𝐼𝐼𝑜𝑜𝑠𝑠𝑠𝑠𝑠𝑠(𝑤𝑤𝑤𝑤 + 𝜋𝜋/4).Then which 
of the following is correct? 
(a) X is a capacitor and XC = √2 R   (b) X is an inductor and XL = R 
(c) X is an inductor and XL = √2 R   (d) X is a capacitor and XC = R 
5. Which of the following 
graphs on the right side 
represent the variation of 
current (I) with frequency (f) 
in an AC circuit containing a 
pure capacitor? 
6. The rms and the average value of an ac voltage 𝑉𝑉 =  𝑉𝑉𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 volt over a cycle respectively 
will be:  (CBSE 2026) 
(a) 𝑉𝑉𝑜𝑜

2
, 𝑉𝑉𝑜𝑜
√2

   (b) 𝑉𝑉𝑜𝑜
𝜋𝜋

, 𝑉𝑉𝑜𝑜
2

   (c) 𝑉𝑉𝑜𝑜
√2

, 0  (d) 𝑉𝑉𝑜𝑜, 𝑉𝑉𝑜𝑜
√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 XL 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 (100𝜋𝜋 t +10.05𝜋𝜋) A . The r.m.s value 
of current & its frequency respectively are 
(A) 10A & 100 Hz    (B) 10 A & 50 Hz       (C) 10 √2A & 50Hz          (D) 20 √2A & 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) 0 and 10   (d) 10 and 0 
12. An LCR series circuit with a resistance of 100 Ω 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 600. 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) 0.2 A     
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 

 
 

1. If an LCR circuit contains L = 8H , C = 0.5 µF, R = 100 Ω 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 
(a) 1/√2 A   (b) √2 A  (c) 2A   (d) 2√2A 
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  𝜋𝜋

2
 

(b)The voltage leads the current by 𝜋𝜋
2
 

(c) The voltage and the current are in phase                      
(d)The voltage leads the current by 𝜋𝜋        

TAKE THE CHALLENGE 
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5. The figure shows variation of R, XL and XC with frequency f in a series L, C, R circuit. Then 
for what frequency point, the circuit is inductive  
(a) A              (b) B                (c) C         (d)All points                         
                                                                                                
1-(b),  2-(b),  3-(a),  4-(b),  5-(c) 

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): 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 900 
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 900 
6. Assertion (A): In an AC circuit containing only a capacitor, current lags the voltage by 900 
Reason (R): Capacitors offer no resistance to AC current. 
7. Assertion (A):. The power consumed in an AC circuit is given by P=VRMS IRMS cosϕ 
Reason (R): The product VRMS IRMS  gives the apparent power. 
8. Assertion (A): The voltage across the inductor leads the current by 900. 
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 π/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° (π/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 

 

 
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),  2-(c),  3-(a),  4-(b),  5-(a) 

2 MARKS QUESTIONS 
1. An inductor of 5/π H and, a capacitor of 50/π µF and a resistor of 400 Ω are connected in 
series across an ac voltage v = 140 sin (100πt) V. Calculate: (i) impedance of the circuit, and  
(ii) 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 
as shown. The bulb glows with some brightness. How will the 
glow of the bulb change if (i) a dielectric slab is introduced 
between the plates of the capacitor, keeping resistance R to be 
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 fr 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 > fr, (ii) f < fr ? Explain your answer in each case. 

TAKE THE CHALLENGE 
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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 0.5m2. The resistance of 
the wire is 100 Ω. 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 𝜇𝜇F and R= 10Ω. 

SOLUTIONS- 2 MARKS QUESTIONS 

1. Using 𝑍𝑍 = �𝑅𝑅2 + (𝜔𝜔𝜔𝜔 − 1
𝜔𝜔𝜔𝜔

)  and 𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑉𝑉𝑜𝑜
𝑍𝑍√2

 , we get. Z=500 ohm and Irms=0.2A  

 
2. If slab is inserted between the plates, capacitance will increase and Xc decrease so Z will 
decrease making the current in bulb more and hence, the bulb will shine brighter. 
(ii) 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 XL increases. (i) Hence for f 
> fr circuit turns inductive in nature and current lags behind the voltage by certain phase angle. 
(ii) For f< fr circuit is capacitive in nature as XC > XL 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 𝑒𝑒𝑜𝑜=NBAw, we get eo =2400 V and P=𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟2 /R = 28.8 kW 
6. Pavg is proportional to cosφ and φ is 900 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=1
𝑅𝑅
�𝐿𝐿
𝐶𝐶
 so 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  
(i) 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 
current with frequency of the applied 
emf. Identify the circuit element 
corresponding to each graph. 
(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 π/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. (c) 
Draw the graph showing the variation of the reactance of this inductor with 
frequency.  
8. A resistor of 30 Ω and a capacitor of 250/π μF 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 = 20Ω  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 XL=XC, (ii) cos𝜙𝜙=Z/R, (iii) P is maximum when cos𝜙𝜙=1. 
2. Using 𝑉𝑉𝑠𝑠

𝑉𝑉𝑝𝑝
=  𝑁𝑁𝑠𝑠

𝑁𝑁𝑝𝑝
=  𝐼𝐼𝑃𝑃

𝐼𝐼𝑆𝑆
  and 𝑃𝑃 = 𝑉𝑉𝑝𝑝𝐼𝐼𝑃𝑃, we get 𝐼𝐼𝑃𝑃  = 15𝐴𝐴 and 𝑉𝑉𝑠𝑠 = 11000𝑉𝑉 

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 XL of the coil increases. A large fraction 
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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 𝑍𝑍 = �𝑅𝑅2 +  𝑋𝑋𝐿𝐿2 where XL is an 
inductive reactance. In an L-R circuit, the voltage is ahead of the current. 
6. Derive to obtain 𝐼𝐼 = 𝐼𝐼𝑜𝑜sin(𝑤𝑤𝑤𝑤 + 𝜋𝜋

2
) 

7. (a) 𝐶𝐶 = 265 𝜇𝜇𝜇𝜇  (b) 𝐿𝐿 = 9.6 𝑚𝑚𝑚𝑚 (c) suitable graph 
8. (i) Using formula for Xc and Z, we get Irms = 4A (ii) VR=120V and VC=160V (iii) VR + VC 

=280V While Vrms 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 π/2. So voltage of the source can be given as Vrms =200V. 
9. (i) At resonance Z=R so I=V/R  Irms=10A and Io=Irms√2 =14.14A 
Average power transferred to the circuit in one complete cycle at resonance: P = I2

rmsR = 2000W 
ωo =

1
√𝐿𝐿𝐿𝐿

 = 100 rad/s , Xc = 1/ωC    , Vc=IrmsXc = 2000V 
10. (i) secondary voltage = 1350V 
(ii) 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  
(i) current in the primary, and 
(ii) 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 I.    (CBSE 2026) 
(b) Under what conditions the   
(i) Impedance of the circuit is minimum?  
(ii)Wattless current flows in the circuit?  

OR 
(i) With the help of a labelled diagram, explain the principle, construction and working of an 
a.c. generator.  
(ii) Deduce an expression for the induced emf in the coil of the generator.  
(iii) 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 𝜋𝜋

2
 for element Y 

where I leads V by 𝜋𝜋
2
 for element Z. Identify elements X, Y and Z.  
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(ii) 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. 
(iii)  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 𝑉𝑉𝑠𝑠
𝑉𝑉𝑝𝑝

=  𝑁𝑁𝑠𝑠
𝑁𝑁𝑝𝑝

=  𝐼𝐼𝑃𝑃
𝐼𝐼𝑆𝑆

 and𝑃𝑃 = 𝑉𝑉𝑝𝑝𝐼𝐼𝑃𝑃, we get  𝐼𝐼𝑃𝑃 = 25 𝐴𝐴 and 𝑉𝑉𝑠𝑠 = 1000𝑉𝑉 

2. (a) Deriving expression for Impedance of series LCR circuit and Phase difference between   V & I. 

(b) (i)Minimum when XL=XC 

(ii) When average power consumer is zero. 

OR 
(i) 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.  
(ii) Deducing expression for induced emf 𝜀𝜀 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔 
(iii) Emf generated is maximum at T/4 and 3T/4 
3. (i) X-resistor   Y-inductor Z-Capacitor  
(ii) Deduce expression for Z. Graph for LC combination circuit.  
(iii) Condition of resonance, Xc = XL 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 (XL), then the resonance occurs and the 

resonant frequency is given by 𝛚𝛚0 =�
1
𝐿𝐿𝐿𝐿

  . 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. 
(i) Name the phenomena involved in tuning a radio set to a particular station 
(a) Stabilization   (b) Resonance  (c) Rectification  (d) Reflection 
(ii) Capacitor used in radio set for tuning is a 
(a) Parallel plate capacitor (b) Spherical capacitor (c) gang capacitor (d) electrolytic capacitor. 
(iii) Resonance occurs only when:  
(a) Xc = R         (b) XL = R          (c)   Xc > XL         (d) XL = Xc  
(iv) Resonance may occur in 
(a) LC circuit       (b) RC circuit    (c) LR circuit  (d) resistor only circuit 
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2. A transformer is an electrical device which is used for changing a.c. voltages. It is based on 
the phenomenon of mutual induction. It can be shown that 𝐸𝐸𝑠𝑠

𝐸𝐸𝐸𝐸
 =    

𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼

  = 𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛

 = K, where symbols 
have their standard meaning. For a step up transformer, K>1 and for a step down transformer, 
K<1. 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 %. 
(i) A transformer is used: 
(a) to transform electric energy into mechanical energy.       (b) to obtain suitable DC voltage  
(c) to transform AC into DC                                          (d) to obtain suitable AC voltage. 
(ii) Which quantity is increased in step-down transformer? 
(a) Resistance  (b) power  (c) current  (d) charge 
(iii) In step-up transformer, relation between number of turns in primary (Np) and number of 
turns in secondary (Ns) is  
(a) Ns > Np                           (b) Np >   Ns                      (c) Ns =  Np                       (d)  Np  = 2 Ns 
(iv) Voltage across the secondary of transformer is  
(a) 120 V                    (b)   360 V                 (c)   40 V                     (d) 3 V 
  
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 
maximum current flows through for that a.c. voltage which has frequency equal to fr = 1

2𝜋𝜋√𝐿𝐿𝐿𝐿
 .If 

Q-value of circuit is large the signals of the other stations will be very weak. Quality factor 
determines the clarity of reception.  
(i) The current admitted by series LCR circuit corresponding to resonant frequency is  
(a) maximum                 (b) minimum                      (c) zero                 (d) 10A 
(ii) In a series LCR circuit L=8H, C=0.5μF and R=100Ω. The resonant frequency of the  circuit 
is: 
(a) 1000 / π Hz             (b) 500 / π Hz                  (c) 250 / π Hz                (d) 125 / π Hz         
(iii) At resonance, in a series LCR circuit, which relation does not hold? 
(a) 𝜔𝜔 =  1

𝐿𝐿𝐿𝐿
                (b) 𝜔𝜔 =  1

√𝐿𝐿𝐿𝐿
                    (c) 𝐿𝐿𝐿𝐿 =  1

𝜔𝜔𝑐𝑐
                   (d) 𝐶𝐶𝐶𝐶 =  1

𝐿𝐿𝐿𝐿
 

(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 
 
 1 i-b,    ii-c ,    iii-d ,  iv-a            
 2 i-d    ii-d     iii-d     iv-a      
 3 i-d    ii-a      iii-b    iv-c  
 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 86 

 

 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 87 

 

CHAPTER 08 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 88 

 

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 
c) 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 10-25     b) 1.326 x 10-27    c) 2.652 x 10-26      d) 3.978 x 10-24   

7 The phase difference between the oscillations of electric and magnetic field in an 
electromagnetic wave is:  
a) 𝜋𝜋                    b) 𝜋𝜋/2                 c) zero               d) 3 𝜋𝜋/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) Ez, By 

9 In the process of charging of a capacitor, the current produced between the    
       plates of the capacitor is         

a)   𝜇𝜇0
𝑑𝑑𝜑𝜑𝐸𝐸
𝑑𝑑𝑡𝑡

      b) 1
𝜇𝜇0

𝑑𝑑𝜑𝜑𝐸𝐸
𝑑𝑑𝑡𝑡

     c) 𝜀𝜀0
𝑑𝑑𝜑𝜑𝐸𝐸
𝑑𝑑𝑡𝑡

    d) 1
𝜀𝜀0

𝑑𝑑𝜑𝜑𝐸𝐸
𝑑𝑑𝑡𝑡

      

10 𝐸𝐸�⃗ and 𝐵𝐵�⃗  represent the electric and the magnetic fields of an electromagnetic    
      wave respectively. The direction of propagation of the wave is along: 

a) 𝐵𝐵�⃗   b) 𝐸𝐸�⃗    c) 𝐸𝐸�⃗  x  𝐵𝐵�⃗   d) 𝐵𝐵�⃗  𝑥𝑥 𝐸𝐸���⃗  
Answers 

1(c) Gamma rays 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   𝜀𝜀0 �
𝑑𝑑𝜑𝜑𝐸𝐸
𝑑𝑑𝑡𝑡
�  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  7 c  8 d  9 c  10 c 

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/�𝜇𝜇0𝜀𝜀0 
Reason (R): The values of μ0 and  ε0 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.  

Q5.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 electric 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.  

 
Q5 Assertion: Ultraviolet radiations are used in LASIK eye surgery. 

Reason: Ultraviolet radiations can be focused into very narrow beams of high precision 
applications.  

Answers 
1. A   2.C       3. B       4. D    5. A      
 

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS) 
Q1 You are given a 2µF 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. 

  (ii) The thin ozone layer on top of the stratosphere is crucial for human survival. Why?  
Q3 (i) Which part of the electromagnetic spectrum is used in operating a RADAR?  

 (ii)Why microwaves are considered suitable for radar systems used in aircraft navigation? 
Q4 (i) Do electromagnetic waves carry energy and momentum?  

 (ii) How is the speed of EM-waves in vacuum determined by the electric and magnetic fields? 
Q5 The amplitude of the magnetic field of a harmonic electromagnetic wave in vacuum is 

B0=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, Y2, has a frequency 

of 1015 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 5nW strikes normally on a perfectly reflecting 
surface of area 1 mm2 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 1014 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) 10-12 m to about 10-18 m           (b) 10-3m to about 10-1m. 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, 
proving they carry momentum as well. Speed of wave c = (v) = 1

�𝜇𝜇0𝜀𝜀0
 = 3x 108 m/s 

5 Eo=153 V/m 
6. Y₁ has a wavelength of 1 cm, which lies in the microwave region. 

   Y₂ has a frequency of 10¹⁵ Hz, which falls in the ultraviolet (UV) region. 
Y₁: 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 (3×108 

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= 3.33x10-17 N, This is the force exerted by the laser beam on the reflecting surface. 

9.  E=hv,     h=6.626×10-34Js, So   E= 1.9878×10-19 J  
no of photons= Power/Energy per photon, n= 9 x 10-3 W/1.9878×10-19 J = 4.52 x 1016 photons  
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10.  (a) Wavelength range: 10-12 to 10-18 m, Electromagnetic Wave: Gamma rays, Used to kill 
cancer cells in radiation therapy. (b) Wavelength range: 10-3 to 10-1 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 × 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, ν = 8 × 10^14 Hz. Using c = νλ, λ = c/ν = (3 × 108)/(8 × 1014) = 3.75 × 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 × B (right-hand rule). 
5. Microwaves are preferred because: (i) They can penetrate the atmosphere easily. (ii) 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, λ = 6 m. Using ν = c/λ = (3 × 10^8)/6 = 5 × 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 × 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, λ = 3 × 10^-7 m. Using ν = c/λ = (3 × 10^8)/(3 × 10^-7) = 1 × 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 × 10^14 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: c = νλ   
(b) λ = c/ν = (3 × 10^8)/(5 × 10^14) = 6 × 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 ν = c/λ = (3 × 10^8)/25 = 1.2 × 10^7 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 fields 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 
(c) Ultraviolet < Infrared < Microwaves < Gamma rays 
(d) Gamma rays < Microwaves < Infrared < Ultraviolet 
(ii) 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  (ii) 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 
(ii) 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 
(c) Uniformly moving charges (d) None of these 
(ii) Light can travel through vacuum because of its: 
(a) Transverse nature  (b) Electromagnetic nature 
(c) Longitudinal nature  (d) Both (a) and (c) 
(iii) Find the wavelength of an EM wave of frequency 8.2 × 10⁶ 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 
 
(ii) Gamma rays of wavelength 1 × 10⁻¹² m have frequency: 
(a) 3 × 10²⁰ Hz  (b) 2 × 10¹² Hz (c) 2.5 × 10⁵ Hz  (d) 3.3 × 10¹² 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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CHAPTER 09 
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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) 1√3   (b) √3   (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 :  

 (a) (𝑚𝑚− 1)𝑓𝑓    (b) (1 −𝑚𝑚)𝑓𝑓  (c) 2𝑓𝑓
𝑚𝑚

    (d) 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) 1/√3       (b) 2/√3        (c) √(3/2)     (d) √3 
7 The refractive index of the material of a prism is √2 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 
     (a) 4 cm2      (b) 2.25 cm2       (c) 1.44 cm2     (d) 1cm2 
12 A lens made of material of Refractive index ‘n’ changes its nature in a medium of refractive 

index ‘n1’ but disappears in a medium of refractive index ‘n2’. The ratio  n1: n2 is ‘x’. Choose 
the correct option 

(a) x>1  (b) x =1   (c) 0<x<1     (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 = 1cm, 
DE = 12cm and FG is negligible, the time spent by light ray in 
the glass slab will be 

(a) 0.65 ns     (b) 0.78 ns     (c) 0.97 ns     (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) 900      (c) 1800       (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 
18 The optical density of turpentine is higher than that of water 

while its mass density is lower. Fig shows a layer of 
turpentine floating over water in a container. For which one of 
the four rays incident on turpentine in Fig the path shown is 
correct? 
(a) 1  (b) 2  (c) 3      (d) 4 

19 If I is 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 40 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) 40 clockwise     b) 1780 clockwise 
c) 20 clockwise     d)80 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) 10 cm           b) 15 cm               c) 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 
c ) Highly diminished real image is formed.             d) Nothing can be said. 

11 A concave mirror of focal length 'f1' 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) f1 + f2              b) f1                       c) f2                                      d) a or b 

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    c)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 

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  

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 c)              12 c)                13 d)                 14 a)                  15 d) 
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 

 

c) Increases by a factor of 1·2 
d)Decreases to a factor of 
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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 cm. 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
𝑓𝑓

= 𝑛𝑛𝑙𝑙−𝑛𝑛𝑚𝑚
𝑛𝑛𝑚𝑚

� 1
𝑅𝑅1
− 1

𝑅𝑅2
� 

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& u2 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 δ = (n - 1) A with δ = 
0.20A. 
6. The focal length is f = -(u1 + u2) / 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)? 
Q2 if 𝑛𝑛12 = 1.4 , 𝑛𝑛23 = 1.5 𝑎𝑎𝑎𝑎𝑎𝑎 𝑛𝑛43 = 1.6  find refractive index of 4th medium w.r.t. 1st medium. 
Out of these four media in which the light will travel fastest? 
( Note : here 
𝑛𝑛12  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜 2𝑛𝑛𝑛𝑛 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑤𝑤. 𝑟𝑟. 𝑡𝑡. 1𝑠𝑠𝑠𝑠 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) 

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 μ ≥ √2, 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 t and refractive index n. If the angle of 
incidence θ is small, Express the displacement in the incident and emergent ray? 

Answers 
Ans 1 . Sunglasses are considered 'powerless' because both the front and back surfaces of the 
lens have the same radius of curvature (R1 = R2). 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, R1 = R2. 
This makes the term (1/R1 - 1/R2) equal to zero, resulting in a net optical power (P) of zero. 
Ans2: Given:1n2 = 1.4, 2n3 = 1.5, 4n3 = 1.6 , To find the refractive index of the 4th medium w.r.t. 
the 1st medium We know that 1n4 = 1n2 × 2n3 × 3n4      Since 3n4 = 1 / 4n3 = 1 / 1.6 
1n4 = 1.4 × 1.5 × (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 (θc). Since both beams have the same angle of incidence, Beam B must have a 
smaller critical angle than Beam A.Since sin θc = 1/n, a smaller critical angle implies a higher 
refractive index (n). Thus, nB > nA.According to Cauchy's formula, refractive index is inversely 
proportional to wavelength (n ∝ 1/λ2).Since nB > nA, then λA > λB. 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°) = μ · sin(r)  => sin(r) = 1/μ 
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 (θc).sin(90° - r) ≥ sin(θc)    =>    cos(r) ≥ 1/μ    => Squaring both 
sides: cos2(r) ≥ 1/μ2  , so 1 - sin2(r) ≥ 1/μ2           =>  μ ≥ √2 
Ans 5:The lateral displacement (d) of a ray passing through a slab is given by: d = t · sin(θ - r) / 
cos(r). For small angles, sin(θ - r) ≈ θ - r and cos(r) ≈ 1. 
d ≈ t(θ - r). From Snell's law for small angles: θ = n · r  => r = θ/n. Substituting r: d ≈ t(θ - θ/n) 
= t · θ (1 - 1/n) 
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Short answer Type II  
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? 

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 
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) 
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 5cm 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)? 
Q7 if 𝑛𝑛12 = 1.4 , 𝑛𝑛23 = 1.5 𝑎𝑎𝑎𝑎𝑎𝑎 𝑛𝑛43 = 1.6  find refractive index of 4th medium w.r.t. 1st medium. 
Out of these four media in which the light will travel fastest? ( Note : here 
𝑛𝑛12  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜 2𝑛𝑛𝑛𝑛 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑤𝑤. 𝑟𝑟. 𝑡𝑡. 1𝑠𝑠𝑠𝑠 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) 

Q8 A convex lens of focal length f is placed 𝑥𝑥 metre apart 
from a plane mirror. As shown in figure an object is placed 
at 𝑥𝑥 distance from the lens away from the mirror get a 
relation between 𝑥𝑥 and f for following conditions  

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 d1meter 
above it, its real image coincide with itself’.  This mirror is filled with a liquid of refractive 
index n1 new image is found at D2 if this liquid is replaced by another liquid of refractive 
index n2 new image is found at D3. If n1 >n2 give a relation between D2 and D3 with proper 
justification using a diagram. 
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Answers 
Ans1. 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 h2 = 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 (Δs) = Σ hi .(1 - 1/ni). Δs = 2(1 - 1/1.8) + 4(1 - 1/1.5) + 6(1 - 1/1.2) 
Δs = 2(0.8/1.8) + 4(0.5/1.5) + 6(0.2/1.2) = 2(4/9) + 4(1/3) + 6(1/6). Δs = 8/9 + 4/3 + 1 = (8 + 12 
+ 9)/9 = 29/9 ≈ 3.22 cm. 
Ans3.First refraction: n1=1, n2=1.5, u=∞, R=40cm. Using (n2/v) - (n1/u) = (n2-n1)/R 
(1.5/v1) - 0 = (1.5-1)/40 => 1.5/v1 = 0.5/40 => v1 = 120 cm from the first surface.Second 
refraction: u2 = v1 - Diameter = 120 - 80 = 40 cm (inside globe, directed towards second surface). 
n1=1.5, n2=1, R=-40cm.(1/v2) - (1.5/40) = (1-1.5)/(-40) => 1/v2 = 0.5/40 + 1.5/40 = 2/40 = 1/20.v2 
= 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. 
Case u = 3.5 cm: m = D/u = 25/3.5 = 7.13  
This is more tham maximum m but not useful as in this case v<D = 25cm 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 
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 = R2). 
Using Lens Maker's Formula: P = (n - 1)(1/R1 - 1/R2). Since R1 = R2, P = 0. Thus, they are 
powerless. 
Ans 7 1n4 = n_43 * n_32 * n_21. Given n_12 = 1.4, n_23 = 1.5, n_43 = 1.6. n_21 = 1/n_12 = 
1/1.4; n_32 = 1/n_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 f1 = 2k, f2 = -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). 
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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 n1 > 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 (n1) 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 
c) surrounding medium is made slightly optical rarer than air 

6. A convex lens with focal length f is cut into two equal parts 
horizontally as shown in figure. These two parts are shifted 
away along principal axis up to a separation of d m. An object 
and its image formed by this combination has separation of 
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 370. Support (or criticize) his claim by suitable mathematical 
calculations.   

Angle of 
incidence 

350 400 450 500 550 600 

Angle of 
deviation 

410 390 37.50 370 380 390 

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 
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 = v1 - R2 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/R1 - 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 = 0.75 m 
Ans 7 Formula: 1/v + 1/u = 1/f; m = -v/u   Final Answer: Total length = 15 cm 
Ans 8 Formula: n2/v - n1/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 - n1/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 √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 450.The ray 
emerges from face AC and the angle of deviation is  150.The angle of prism is 300.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 (𝑛𝑛1 = 1.5) is surrounded by a 
transparent liquid (𝑛𝑛2 = 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 i. 

5. a)An optical instrument uses eye-lens of power 20 D and the 
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 L2, 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 L1. The final real image is formed at 
the focus of L3. Calculate the separation between (i) 
(L1 and L3) and  (ii) (L2 and L3).  

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 

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 δ 

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 
(ii) 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 n1 and to its  right refractive index is n3. If n1<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 106m and radius of lunar orbit is 4 X 108m). 

Answers 
1. a) refer to the gist b) position of the other end 𝑢𝑢 =  −7𝑓𝑓

4
, 𝑚𝑚 =  𝑓𝑓

𝑓𝑓−𝑢𝑢
=  −4/3 

2. a) light rays from the object must fall on plane mirror normally. For this 𝑓𝑓 = 𝑢𝑢 = 20 𝑐𝑐𝑐𝑐 
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   b) use prism formula to find 𝛿𝛿 = 600 𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑖𝑖 + 𝑒𝑒 = 𝐴𝐴 + 𝛿𝛿 (𝑖𝑖 = 60°) 
3. a) refer to the gist b)𝑖𝑖 + 𝑒𝑒 = 𝐴𝐴 + 𝛿𝛿 =>𝑒𝑒 = 00=>𝑟𝑟2 = 00 
4.a)Use snell’s law and the relation, 𝑛𝑛 =  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 𝑖𝑖𝑖𝑖 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
 (Ans: Medium A) 

b) Use the relation 𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑐𝑐 =  1
𝑛𝑛12

= 5
6
 , 𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠 𝑟𝑟 = √11

6
   Use Snell’s law to find 𝑖𝑖 =  √11

4
  

5. a) Compound microscope, 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓0.For image is at infinity, 𝑚𝑚 =  𝐷𝐷
𝑓𝑓0

 

b) Use lens law to find the image distance at first place, 𝑣𝑣1 = 60 𝑐𝑐𝑐𝑐, then the light rays 
must be parallel between 𝐿𝐿2 𝑎𝑎𝑎𝑎𝑎𝑎 𝐿𝐿3.Use this concept to find the answer. (i) > 90 cm (ii) any 
value6 6 Formula: 1/f = (n2/n1 - 1)(1/R1 - 1/R2)  

Condition: When n1 = n2, (n2/n1 - 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: n1/v - n2/u = (n1 - n2)/R  
(ii) Rarer to Denser: n2/v - n1/u = (n2 - n1)/R  
 9 Formula: n/v1 - n1/u = (n - n1)/R1  
Second Surface: n3/v - n/v1 = (n3 - n)/R2  
General Relation: n3/v - n1/u = (n - n1)/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 α = (3.6 x 10^6) / (4 x 10^8) = 0.009 rad l 
      Answer: Diameter of image = α * 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-1, 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 2 cm 

B 100cm 5 cm D 5cm 2 cm 

 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. 13.5 cm      2. 1

280
 𝑚𝑚/𝑠𝑠            3. Eye lens-D, Objective lens- A, 20, 105 cm      

4. m = 270 5. 5 cm ,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,                 δ = (μ- 1) A,  

Through which a ray deviates on passing through a thin prism of small refracting angle A.  If μ 

is refractive index of the material of the prism, then prism formula is,𝜇𝜇 =
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 �𝐴𝐴+𝛿𝛿𝑚𝑚2 � 

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 �𝐴𝐴2� 
 

(i)  For which color, angle of deviation is maximum? 
a)  Red        b) Yellow               c)Violet    d)Blue 

(ii)  When white light moves in gravity free region  
 a) all colors have same speed                    b) different colors have different speeds 
 c) violet has more speed than red              d) red has more speed than violet. 
(iii) The deviation through a prism is maximum when angle of incidence is 
       a) 450                       b)700                            c)900                      d)600 

(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°                      c)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, 
light can easily travel along the length. 
(i) 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 

(ii) 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 

(iii) If in core, angle of incidence is equal to critical angle, then angle of refraction will be 
a) 0˚                 b)45˚                   c)90˚                         d)180˚ 

(iv) In an optical fibre correct relation for refractive indices of core ( n1) and cladding ( n2 ) is 
a) n1 = n2                  b)n1 > n2                   c)n1 < n2                      d)n2 = 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)  108 m s-1                   b)1.5 x 108 m s-1             c)6 x 108 m s-1              d) 4.5 x 108 m s-1 

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 𝜇𝜇1
𝑓𝑓

= (𝜇𝜇2 − 𝜇𝜇1) � 1
𝑅𝑅1
− 1

𝑅𝑅2
� 

(i) 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                  c)20 cm              d)30 cm  
(ii) 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 

(iii) 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 
c) reduction of speed of light in water          d)change in the focal length of eye-lens 

(iv) A thin lens of glass (μ = 1.5) of focal length 10 cm is immersed in water (μ  = 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 : 
(i) Double convex lens (ii) Plano-convex lens 
(iii) 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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(i): A point object O is placed at a distance of 0.3 m from a convex 
lens (focal length 0.2 m) cut into two halves each of which is 
displaced by 0.05 m as shown in the figure. 
What will be the location of the image? 
a) 30 cm right of lens                    b)60 cm right of lens 
 c)  70 cm left of lens                      d)40 cm left of lens 

(ii)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                  c)- 80 cm              d)20 cm 

(iii)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 

 c) 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) at its focus F    b)between F and 2F     c) at 2F     d)between F and optical center 
Answers 

1. i. c)𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 ∝ 1
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ

          ii. a)a gravity-free region is essentially a vacuum for the 

purpose of light propagation 
iii. c)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  δ = (μ- 1) A 
v)   d) use formula 𝑖𝑖 + 𝑒𝑒 = 𝛿𝛿 + 𝐴𝐴 

2. i. d)       ii. d)           iii. c)                  iv. c) For TIR, light must travel from a denser medium to 
a rarer medium     v. b) Using formula 𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑐𝑐 = 1

𝑛𝑛21
 𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡ℎ𝑒𝑒𝑒𝑒 𝑢𝑢𝑢𝑢𝑢𝑢 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙′𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

3. i. 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. i.  b)use lens formula to calculate image distance ii. a)us the formula 1

𝑓𝑓
= 1

𝑓𝑓1
+ 1

𝑓𝑓2
 

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 a bright 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. 
(i)The focal length of the lens in air is  
(a) 20cm     (b) 40cm       (c) 60cm        (d) 80cm 
(ii)  if the value of ‘d’ is 2m the refractive index of the liquid is nearly 
(a) 1.36      (b) 1.45       (c) 1.5       (d) 1.68 
(iii) 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 me is the magnification produced by the eye lens and mo 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. 

(i) The object distance for eye-piece, so that final image is formed at the least distance of 
distinct vision, will be 
(a) 3.45 cm               (b) 5 cm                    (c)1.29 cm                        (d)2.59 cm 

(ii) How far from the objective should an object be placed in order to obtain the condition 
described in part (i)? 
(a) 4.5 cm                    (b)2.5 cm                    (c)1.5 cm                     (d) 3.0 cm 

(iii) 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 

https://physicsgurukul.com/2021/03/19/case-study-questions-for-class-12-chemistry-chapter-9-ray-optics-and-optical-instruments/
https://physicsgurukul.com/2021/03/19/case-study-questions-for-class-12-chemistry-chapter-9-ray-optics-and-optical-instruments/
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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. 

i) For critical angle the value of corresponding angle of refraction is____ 
a) 180°  b) less than 90°  c) greater than 90°  d) 90° 

ii) As the refractive index of the medium increases the corresponding value of critical angle for 
that medium ____ 
a) decreases    b) increases  
c) remains same   d) independent of refractive index of the medium 

iii) 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   i) b                      ii) a                       iii) d                      iv) c 
2   i) b                      ii) b                       iii) b                      iv) a        OR   d 
3   i) d) 90°        ii)  a) decreases           iii) b) Snell’s law of refraction cannot be satisfied 
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CHAPTER- 10  
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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 λ. In other experiment with the same set up, the two slits are sources of 
equal amplitude ‘a’ and wavelength λ , 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 experiment is 

 (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. It is 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. A wavefront 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: 

  (a) 12 mm               (b) 24 mm                 (c) 6 mm                  (d) 3 mm 

10. Light of wavelength 6328 Å is incident on a 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 slit is 

(a) 1.5  X 10−3 rad        (b) 3.142 X 10−3 rad            (c) 6.328 X 10−3 rad          (d) 14.3 X 10−3 rad 

11. The resultant amplitude of a vibrating particle by the superposition of the two waves   
      y1 = a sin(  ωt + л / 3 )         and y2 = a sin ωt is :- 
(a) a             (b) √2 a             (c) 2a                      (d)√3 a 

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  3 λ / 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 I and 4I interfere to produce a fringe pattern on a 
screen. The phase difference between the beam is π/2 at point A and 2π at point B. Then 
find out the difference between the resultant intensities at A and B. 

(a)2I                                     (b)5I                               (c) I                            (d) 4I 

15. In an interference pattern of two waves fringe width is β . If the frequency of source is 
doubled then fringe width will become : 

(a) (1/2) β                                (b)β                              (c)2β                           (d) (3/2) β 

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 spacing is 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 119 

 

(a) 0.5mm                                (b) 0.5cm                         (c) 0.25mm                (d) 0.25cm 

17. A light source of 5000Å 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 slit is  2 metre. The width of slit in 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 ×  10–5 cm when the slit is illuminated by monochromatic light 
of wavelength 6000 Å. 
(a) 40°                                      (b) 45°                                (c)30°                (d)60° 
19. What happens if one of the slits, say S1 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 slit is 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 I0 is intension of light from each slit then Ic= 4 Io.   Iin= 2Io,    Ic/Iin=2 a 

2. Maximum possible maxima sin θ = 1⇒  n = 2. No. of maxima N = (2n + 
1) = (2 × 2 + 1) = 5 

b 

3. X5 dark= X8 bright. Equating we get µ =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, 
and diffraction fringe width is directly proportional to the wavelength. 

c 

7. A wavefront is a locus of all particles vibrating in the same phase. It is a 
surface of constant phase. 

b 
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8. Independent sources undergo abrupt phase changes every ~10⁻¹⁰ s 
(temporal incoherence). The pattern averages out, producing uniform 
illumination. 

b 

9. Linear width = 2λD/a = 2 × 600×10⁻⁹ × 2 / (0.1×10⁻³) = 2.4×10⁻² m = 24 
mm. 

b 

10. 2 θ=  2λ/a = 6.328 X 10−3 rad c 

11 use the formula 𝐴𝐴2 =  𝐴𝐴12 + 𝐴𝐴22 + 2𝐴𝐴1𝐴𝐴2𝑐𝑐𝑐𝑐𝑐𝑐 ф d 

12 Use formula, β=λD/d, As the fringes become narrower, they become 
harder to distinguish, and eventually, they will disappear 

b 

13 path difference,3λ/2 as (1 + 1
2
)λ-condition for dark fringe c 

14 Use the formula 𝐼𝐼 =  𝐼𝐼1 + 𝐼𝐼2 + 2�𝐼𝐼1𝐼𝐼2𝑐𝑐𝑐𝑐𝑐𝑐 ф d 

15 use the formula 𝛽𝛽 = 𝜆𝜆𝜆𝜆
𝑑𝑑

=  𝑐𝑐𝑐𝑐
𝜈𝜈𝜈𝜈

 a 

16 use the formula 𝛽𝛽 = 𝜆𝜆𝜆𝜆
𝑑𝑑

 a 

17 use the formula 𝑦𝑦 = 𝜆𝜆𝜆𝜆
𝑎𝑎

 c 

18 condition for the first minimum is 𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠 𝜃𝜃 =  𝜆𝜆 c 

19 The bright fringes become less-bright and the dark fringes have a finite 
light intensity 

a 

20 because the increased light through the wider slit prevents perfect 
cancellation at the minima while adding total energy to the maxima. 

a 

EXERCISE QUESTIONS 

1. Two coherent light beams of intensity I and 4I are superposed. The maximum and 
minimum possible intensities in the resulting beam are: 
(a) 5I and 3I (b) 5I and I             (c) 9I and 3I                  (d) 9I and I 

2.    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 nm         (c) 750 nm                  (d) 420 nm 

3. In Young's double slit experiment, the two slits act as coherent sources of equal 
amplitude A and wavelength λ. In another experiment with the same set up the two slits 
are sources of equal amplitude A and wavelength λ 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 
(a)4 : 1          (b)2 : 1                     (c)1 : 1                      (d)1 : 2  

4. In Young's double slit experiment maximum intensity of each source is I . At angular 
position θ the intensity becomes 4I where Sin θ is:  

(a) λ/d                  (b) λ/2d                 (c) λ/3d                (d) λ/4d 
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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 λ/μ, where μ 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):  I = I1 + I2 +2(I1I2)1/2cosƟ. The average value of cos Ɵ = 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):   It is due to interference 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 I0 than 
minimum and maximum intensities will be zero and 4I0 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 I and 4I 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 θ = β/D = λ/d; it depends only on λ 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 a Young’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?  
(ii) When a tiny circular obstacle is placed in the path of light from a distance source, a bright 

spot is 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 experiment is 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 pattern violate, in any 
way, conservation of energy? 

6. Two plane monochromatic waves propagating in the same direction with amplitudes A and 
2A and differing in phase by 𝜋𝜋/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 
is increased? 

SOLUTIONS/HINTS 

1. The fringe width is β = λD/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=n λ2D/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. (𝑎𝑎)𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ∝ 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 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 𝐴𝐴2 =  𝐴𝐴12 + 𝐴𝐴22 + 2𝐴𝐴1𝐴𝐴2 𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 ф    Ans 𝐴𝐴√7 
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 β=λD/d  
        (ii) fringe width decreases  

10. 𝛽𝛽 = 𝜆𝜆𝜆𝜆
𝑑𝑑

  Angular separation 𝜃𝜃 = 𝜆𝜆
𝑑𝑑

   (i) unchanged (ii) the interference pattern becomes 

less and less sharp. When the source slit becomes so wide that the condition s/S < λ/D is 
not satisfied, the interference pattern disappears, but the angular width remains 
unchanged. 

EXERCISE QUESTIONS  

1.In YDSE with D = 1m, d = 1mm, light of wavelength 500 nm is incident at an angle of 0.57º 
w.r.t. the axis of symmetry of the two slits in the experimental set up. If centre of 
symmetry of screen is O .                                                                                     (Competitive Corner) 
   (i) find the position of central maxima 

     (ii) Intensity at point O in terms of intensity of central maxima I0. 
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 2λ/3. 

3. In young’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) 0.90I0        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- II 

1. (a)What is 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 screen is 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 λ , the 
intensity of light at a point on the screen where path difference is λ, is K units. Find out 
the intensity of light at a point where path difference is 2λ.  

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 (I0) have a path difference of (i) λ/4 and (ii) λ/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 Io each from two coherent sources arrive at two points on 
a screen with path differences of 5λ/2 and 5λ. Find the intensities at the points. 

 9.Two monochromatic sources of light originated from same source with intensities I and 
4I 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 = 2𝜆𝜆𝜆𝜆
𝑑𝑑

 =6mm  

(ii) Distance of second dark from central maxima , = 3𝜆𝜆𝜆𝜆
2𝑑𝑑

 =4.5mm 

2. i) fringe width increases As β=λD/d  
        ii) fringe width decreases β ∝ λ 
3. i) Describe single slit exp using wave theory   ii) This is because the waves diffracting from 

different parts of the slit interfere 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=ɸ=2л/λ x 2λ= 4 л intensity I=I0 cos2(ɸ
2

) , Io=K . so I=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 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 127 

 

6. (a)  
    (b) Correct formula application (i) 2 Io  (ii) Io 
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 4Io 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 I 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. (i)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 
it is reflected from the surface. Hence, verify the law of reflection. 
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ANSWERS/HINTS 

1.1950𝐷𝐷
𝑑𝑑

𝑛𝑛𝑛𝑛   , 2600𝐷𝐷
𝑑𝑑

𝑛𝑛𝑛𝑛    

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 θ. 
2.   Red colour of light of wavelength λ is 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 I0 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 in the 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 𝜃𝜃 = 30𝜊𝜊  .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 a monochromatic 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. 
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(c) coming from a convex lens (µ for lens = 1.1) when point source placed at its focus 
inside water µ= 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) A slit of width d is illuminated 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 

(c)  

2. (a) 𝛥𝛥𝑥𝑥 = 𝑦𝑦𝑦𝑦
𝐷𝐷

= 𝜆𝜆
4

;  𝛷𝛷 = 𝛱𝛱
2

; 𝐼𝐼 = 4𝐼𝐼0 𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐 𝛷𝛷
2

 2 = 2𝐼𝐼0 

(b) No interference pattern observed,𝐼𝐼𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 2𝐼𝐼0 

(c)𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝜃𝜃 = 10𝜆𝜆, find 𝜃𝜃 using this formula ; Angular width,𝛥𝛥𝜃𝜃 = 𝜆𝜆
𝑑𝑑

 

(d) distance = |𝑦𝑦5 − 𝑦𝑦3|      Ans -  5𝜆𝜆𝜆𝜆
2𝑑𝑑

 

3. a) Condition for minima; a sin 𝜃𝜃 = 𝑛𝑛𝑛𝑛     use this formula to find a = 1.2 µm 

    b) Condition for first minimum, a𝜃𝜃 = 𝜆𝜆 ; 𝜃𝜃1 = 𝜆𝜆
𝑎𝑎

    𝜃𝜃2 = − 𝜆𝜆
𝑎𝑎

 

Angular width=2𝜃𝜃1 = 2𝜆𝜆
𝑎𝑎

 

     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 𝑦𝑦1 = 𝑦𝑦2 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) Using lens 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 

β=𝜆𝜆𝜆𝜆
𝑑𝑑

  using β1 / β2= 𝜆𝜆1 /𝜆𝜆2  

𝜆𝜆2=720 nm, minimum order n=9 

7. (a) (i) decrease,   𝜃𝜃 = 𝜆𝜆
𝑑𝑑

  , justification 

          (ii) independent 

          (iii) decrease, 𝜃𝜃 = 𝜆𝜆
𝑑𝑑

 

     (b) d sin 𝜃𝜃 = 𝜆𝜆  , d= 1.4 µm    
EXERCISE QUESTIONS 

1. (a) In a YDSE, two light waves, each of intensity 𝐼𝐼0,interfere at a point, having a path 

difference 𝜆𝜆
8

 on the screen. Find the intensity at this point. 

(b) In a double-slit experiment,6th 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 

one of the two interfering waves to increase its phase by 2𝜋𝜋(𝑛𝑛−1)𝑡𝑡
𝜆𝜆

.The pattern is shifted 

and 8thbright fringe is observed at the same point. Find the relation for thickness t in 
terms of n and 𝜆𝜆.                                                                                                (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 pattern is 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 water is replaced by a transparent liquid 
of refractive index 𝑛𝑛 > 𝑛𝑛𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤,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 

1.(a)3.414  𝐼𝐼0   (b) 5𝜆𝜆
2(𝑛𝑛−1)

                    

2.(a) Correct graph       (b) light waves have low wavelength.    (c) 1.3 mm 
3.(a) 633µm       (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. 

(i) What property of light does this 
interference experiment 
demonstrate ?  

(A) Wave nature of light      (B) 
Particle nature of light     (C) 
Transverse nature of light 

(D) Both wave nature and 
transverse nature of light  
(ii) The wavelength of light used in this experiment is :  
 (A) 720 nm     (B) 590 nm      (C) 480 nm     (D) 364 nm 
(iii) The fringe width in the interference pattern formed on the 
screen is : (A) 1·2 mm.    (B) 0·2 mm.     (C) 4·2 mm.      (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 pattern is :  
(A) 8·1 × 10–7 m     (B) 7·2 × 10–7 m       (C) 6·5 × 10–7 m       (D) 6·0 × 10–7 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) 7.2 X 10-7 m.    (v) (D) be compressed 

(C.S.-2).   

The phenomenon of bending of light around the sharp corners and 
the spreading of light within the geometrical shadow of the opaque 
obstacles is called diffraction of light. The light thus deviates from 
its linear path. The deviation becomes much more pronounced, 
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)it is not absorbed by atmosphere 
(ii) In diffraction from a single slit the angular width of the central maxima does not 
depends on (A)𝜆𝜆 of light used.   (B)width of slit     (C)  distance of slits from the screen 
(D) ratio of 𝜆𝜆 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)  

When light from a monochromatic source is incident on a 
single narrow slit, it gets diffracted and a pattern of alternate 
bright and dark fringes is obtained on screen, called 
"Diffraction Pattern" of single slit. In diffraction pattern of 
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. 
(II) 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, slit width 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) 10-1 m                     (B)10-2 m                          (C)2 x 10-2 m                (D)2 x 10-1 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) 6 x 10-3 rad               (B)4 x 10-3 rad            (C)2.4 x 10-3 rad           (D)4.5 x 10-3 rad 

(iv) A diffraction pattern is obtained by using a beam of red light. What will happen, if the 
red light is 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). 
    (i) D     (ii) B      (iii) A      (iv) Explanation       (v) B 

 

 

EXERCISE QUESTIONS 

(EQ-1) 

Interference of light:-   If double slit apparatus is immersed in a 
liquid of refractive index μ,  the wavelength of light reduces 
to λ/μ and fringe width also reduces to β′=β/μ. 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 >> λ ) 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 tB and refractive indices 

µA and µB are placed in front of A and B, respectively. If μAtA=μBtB then the central 
maxima will 

(A) not shift                           (B) shift towards A                      (C) shift towards B 
(D) shift towards A if tB > tA and shift towards B if tB < 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 
waves from coherent sources. According to this principle, at a 
particular point in the medium, the resultant displacement 
produced by a number of waves is the vector sum of the 
displacements produced by each of the waves.  If two isolated  
sodium lamps illuminate two pin holes S1 and S2. 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 10-10 seconds called temporal coherency. 

(i) Two coherent sources of intensity 100 W/m2 and 25 W/m2 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                         
       y1=a sin [ωt + π/3] and    y2=a sin ωt is  

(a) a               (b)√2a                  (c)2a                             (d)√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 µm each in an opaque material are separated by a distance of 6 µm. 
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) 9 
(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 

***************** 
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MULTIPLE CHOICE QUESTIONS 

1. A graph is plotted between the stopping potential (on y-axis)  
and the frequency of incident radiation (on x-axis) for a metal.  
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/2c  (d)2h/c 

2. 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 

3. 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 

4. Photoelectric effect takes place in element A. Its work function is 2.5 eV and threshold 
wavelength is λ. 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) λ/2   (b) 2λ   (c) λ   (d) 3λ 

5. The de-Broglie wavelength of a neutron in thermal equilibrium with heavy water at a 
temperature T (Kelvin) and mass m, is  
(a) ℎ

√𝑚𝑚𝑚𝑚𝑚𝑚
  (b) ℎ

√3𝑚𝑚𝑚𝑚𝑚𝑚
  (c) 2ℎ

√3𝑚𝑚𝑚𝑚𝑚𝑚
  (d) 2ℎ

√𝑚𝑚𝑚𝑚𝑚𝑚
 

6. The photoelectric threshold wavelength of silver is 3250 × 10⁻¹⁰ m. The velocity of the 
electron ejected  from a silver surface by ultraviolet light of wavelength 2536 × 10⁻¹⁰ m is:  
(Given: h = 4.14 × 10⁻¹⁵ eV s and c = 3 × 10⁸ m s⁻¹) 
(a) ≈ 6 × 10⁵ m s⁻¹ (b) ≈ 0.6 × 104 m s⁻¹ (c) ≈ 61 × 10³ m s⁻¹ (d) ≈ 0.3 × 10⁶ m s⁻¹ 

7. The two lines A and B shown in figure are the graphs of the de 
Broglie wavelength λ as a function of 1/√𝑉𝑉 (V is the accelerating 
potential) for two particles having the same charge. 
Which of the two represents the particle of heavier mass ? 
(a) A      (b) B    
(c) Both A and B     (d) Insufficient Data 

8. When the light of frequency 2ν0 (where ν0 is threshold frequency), is incident on a metal 
plate, the maximum velocity of electrons emitted is ν1 When the frequency of the incident 
radiation is increased to 5ν0, the maximum velocity of electrons emitted from the same plate 
is v2.The ratio of v1 to v2 is   
(a) 4 : 1   (b) 1 : 4   (c) 1 : 2   (d) 2 : 1 

9. 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) +3 V   (b) +4 V   (c) -1 V   (d) -3 V 

10. An electron of mass m and a photon have same energy E. the ratio of de-Broglie wavelengths 
associated with them is: 

(a)1
𝑐𝑐
� 𝐸𝐸
2𝑚𝑚
�
1
2   (b) � 𝐸𝐸

2𝑚𝑚
�
1
2 (c) 𝑐𝑐[2𝑚𝑚𝑚𝑚]

1
2  (d) 1

𝑐𝑐
�2𝑚𝑚
𝐸𝐸
�
1
2 
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11. When the mass of an electron becomes equal to thrice its rest mass, its speed is 
(a) 2√2

3
c  (b) 2

3
c   (c) 1

3
c   (d) 1

4
c 

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 𝐼𝐼0. When light is filtered 
to allow only 50% photons through, the current becomes: 

       (a) 2 𝐼𝐼0   (b) 𝐼𝐼0
2

  (c) √2 𝐼𝐼0  (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) �ℎ𝜈𝜈0
𝑚𝑚

   (b) �2ℎ𝜈𝜈0
𝑚𝑚

                     (c) 2�ℎ𝜈𝜈0
𝑚𝑚

  (d) �6ℎ𝜈𝜈0
𝑚𝑚

 

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 
1. a,  2. a,  3. c,  4. a,  5. b,  6. a,  7. a,  8. c,  9. d,  10. a,  
11. a,  12. b,  13. a,  14. d,  15. b,  16. c,  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. 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. 

2. 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. 

3. 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. 

4. 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. 
5. 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. 
6. 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. 

7. 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. 

8. Assertion (A): The relative velocity of two photons travelling in opposite directions is c. 
Reason (R): The rest mass of a photon is infinite. 

9. 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. 

10. 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. 
(ii) Plot a graph of photocurrent versus anode potential for a radiation of frequency v and 
intensities I1 and I2 (I1 > I2). 

3. Plot a graph showing variation of de-Broglie wavelength (λ) 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 α-particle and a proton are accelerated from rest by the same potential. Find the ratio of 
their de- Broglie wavelengths. 

5. An electron and alpha particle have the same de-Broglie 
wavelength associated with them. How are their kinetic energies 
related to each other?  

6. Figure shows the stopping potential (V₀) for the photoelectron  
versus 1/λ graph, for two metals A and B, λ 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 
will show photoelectric emission and why? 

8. An electron is accelerated through a potential difference 
of 100 volts. What is the de-Broglie wavelength 
associated with it? To which part of the electromagnetic 
spectrum does this value of wavelength correspond? 

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 × 1019. Calculate the force exerted by the light beam on the mirror. 

Answers  
Ans – 1 -(i) According to the de-Broglie wavelength formula. the wavelength i 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. 
(ii) 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 𝜆𝜆 = ℎ

𝑝𝑝
,  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 
(ii) Graph of photocurrent versus anode potential. 
3. The de-Broglie wavelength is  𝜆𝜆1 = ℎ

p
= ℎ

√2𝑚𝑚𝑚𝑚
 = ℎ

�2𝑚𝑚𝑚𝑚𝑚𝑚
=> 𝜆𝜆 α 1

√𝑉𝑉
 

So. the graph between 𝜆𝜆 &  1
√𝑉𝑉

 

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 α particle (𝜆𝜆𝛼𝛼)  to that 
 of a proton (𝜆𝜆𝑝𝑝) accelerated from rest by the same potential is 
 
         => 
 

5. 𝐸𝐸𝐾𝐾 = 𝑝𝑝2

2𝑚𝑚
   where,  𝐸𝐸𝐾𝐾 = Kinetic Energy, p = momentum and m = mass 

de-Broglie wavelength, 𝜆𝜆 = ℎ
𝑝𝑝
,  where,ℎ = Planck’s constant  Therefore, 𝜆𝜆 = ℎ

�2𝑚𝑚𝐸𝐸𝐾𝐾
 

Both the particles have the same de-Broglie wavelength. (Given) ∴ ℎ
�2𝑚𝑚𝑒𝑒𝐸𝐸𝐾𝐾𝐾𝐾

= ℎ
�2𝑚𝑚𝛼𝛼𝐸𝐸𝐾𝐾𝐾𝐾

 

or, 𝑚𝑚𝑒𝑒
𝑚𝑚𝛼𝛼

= 𝐸𝐸𝐾𝐾𝐾𝐾
𝐸𝐸𝐾𝐾𝐾𝐾

      As, 𝑚𝑚𝛼𝛼 > 𝑚𝑚𝑒𝑒 ∴ 𝐸𝐸𝐾𝐾𝐾𝐾 > 𝐸𝐸𝐾𝐾𝐾𝐾 
6.(i) We can determine Planck's constant by calculating the slope of the graph.  

Since we know that Slope of the graph = ℎ𝑐𝑐
𝑒𝑒

, where, ℎ = Planck’s constant, 𝑐𝑐 =
velocity of light in vacuum and 𝑒𝑒 = charge of electron 
(ii) 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, λ = 412.5 nm = 412.5 × 10⁻⁹ m     
E = hc/λ = (6.62×10⁻³⁴ × 3×10⁸) / (412.5×10⁻⁹ × 1.6×10⁻¹⁹) 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. 
8. 𝜆𝜆 = 12.27

√𝑉𝑉
= 12.27

√100
= 1.227 𝐴𝐴°. 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.  λ = 663 × 10−9 m,  θ = 60° , n = 1 × 1019,  𝜆𝜆 = ℎ
𝑝𝑝
⇒  𝑝𝑝 = ℎ

𝜆𝜆
=  10−27 

Force exerted on the wall = n(mvcos θ − (−mvcos θ))  
       =2n mvcos θ = 2n pcos θ 
                                                  = 2 × 1 × 1019 × 10−27 ×  ½   = 1 × 10−8 N. 

Short Answer type Questions (3 Marks each) 

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 

incident radiation 𝜈𝜈1, 𝜈𝜈2 and 𝜈𝜈3 (𝜈𝜈1 > 𝜈𝜈2 > 𝜈𝜈3) for same intensity. 

d) Draw this graph for three different values of intensities of incident radiation 𝐼𝐼1, 𝐼𝐼2, and 𝐼𝐼3 
(𝐼𝐼1 > 𝐼𝐼2 > 𝐼𝐼3) having same frequency. 

2. In a plot 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  

of incident radiations? Justify your answer in each case. 
3. The following graph shows the variation of stopping potential 𝑉𝑉0 with  

the frequency 𝜈𝜈 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) If the 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 𝑓𝑓0. When the light of frequency 2𝑓𝑓0 is 
incident on the metal plate, the maximum velocity of electrons emitted is 𝑣𝑣1 . When the 
frequency of the incident radiation is increased to 5𝑓𝑓0 the maximum velocity of electrons 
emitted is 𝑣𝑣2. Find the ratio of 𝑣𝑣1 to 𝑣𝑣2. 

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 (𝑉𝑉0) varies linearly with the frequency (𝜈𝜈) of the incident 

radiation for a given photosensitive surface with the slope remaining the same for 
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different surfaces. 
c) 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 2×102 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 λ associated with it as a function of V. (ii) Calculate the 
energy acquired by and de-Broglie wavelength associated with, an electron accelerated 
through a potential difference of 400V. 

ANSWERS 
1.  
a. X is collector plate potential. 
b. A is stopping potential. 
c. Graph for different frequencies. 
Graph for three different  Intensities 
 
2. i. Saturation current does not change.    

ii.   Stopping potential does not 
change.  
iii. Photoelectric current increases 
with increase in intensity. 

3. ‘X’ as it has smaller threshold 
frequency. 
a) 𝐾𝐾𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 = ℎ𝜈𝜈 − 𝜙𝜙0 
Since 𝜙𝜙𝑦𝑦 > 𝜙𝜙𝑥𝑥 ⇒ 𝐾𝐾𝑦𝑦 < 𝐾𝐾𝑥𝑥    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 = 1m 
Potential Energy= 𝑘𝑘𝑞𝑞2

𝑟𝑟
= 𝑘𝑘𝑞𝑞2

1
,             Energy of photon=ℎ𝑐𝑐

𝜆𝜆
= 𝑘𝑘𝑞𝑞2

1
⇒ 𝜆𝜆 = ℎ𝑐𝑐

𝑘𝑘𝑞𝑞2
 

For max 𝜆𝜆 , ‘q’ should be min, i.e q = e = 1.6 × 10-19 C 
Substituting we get, 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 = 863 𝑚𝑚 
For next smaller wavelength, 𝑞𝑞 = 2𝑒𝑒 and 𝜆𝜆 = 863

4
= 215.74 𝑚𝑚. 

5. There is  minimum energy required to free an electron from its surface binding called work 
function. 
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Einstein's photoelectric equation is   hν = h𝜈𝜈0 + 1
2
 m𝑣𝑣2 

In first case ν = 2𝑓𝑓0, 𝜈𝜈0 = 𝑓𝑓0, v = 𝑣𝑣1 , hence h(2𝑓𝑓0)= h𝑓𝑓0 + 1
2
 m 𝑣𝑣12 ⇒ 1

2
 m 𝑣𝑣12 = h𝑓𝑓0 

Similarly in second case we get, 1
2
m 𝑣𝑣22 = 4h𝑓𝑓0, Dividing both we get, 𝑣𝑣1

𝑣𝑣2
= � ℎ𝑓𝑓0

4ℎ𝑓𝑓0
= 1

2
 

6. λe = λ photon = 1.00nm = 10−9m. 

a) For electron or photon, momentum p = ℎ
𝜆𝜆

= 6.63×10−34

10−9
= 6.63 × 10−25 kg m/s 

b) Energy= ℎ𝑐𝑐
𝜆𝜆

= 19.89 × 10−17 J (≈ 124 eV) 

c) Kinetic energy of electron= 𝑝𝑝2

2𝑚𝑚
= 2.42 × 10−19𝐽𝐽 = 1.51 𝑒𝑒𝑒𝑒 

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. 
b) We have, 𝑒𝑒𝑒𝑒𝑠𝑠 = ℎ(𝜈𝜈 − 𝜈𝜈𝑜𝑜),        𝑉𝑉𝑠𝑠 = ℎ

𝑒𝑒
𝜈𝜈 + (−ℎ

𝑒𝑒
)𝜈𝜈𝑜𝑜 

∴ Graph of  𝑉𝑉𝑠𝑠 with 𝜈𝜈 is a straight line and slope (h/e) is a constant. 
c) According to Einstein's photoelectric equation (𝐾𝐾𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 = ℎ𝜈𝜈 − 𝜙𝜙0), 𝐾𝐾𝐾𝐾 is independent 

of intensity. 

8. a) 𝐾𝐾𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 = ℎ𝜈𝜈 − 𝜙𝜙0 = ℎ𝑐𝑐
𝑒𝑒𝑒𝑒
− 𝜙𝜙0 = 6.4×10−19

1.6×10−19
− 2.3 = 1.7 𝑒𝑒𝑒𝑒 

    b) 𝑊𝑊 = 𝑒𝑒𝑒𝑒𝑒𝑒 = 1.6 × 10−19 × 2 × 102 × 0.02 = 4 𝑒𝑒𝑒𝑒 
c) 𝐾𝐾𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 < 𝑊𝑊, 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. 

9. a) 𝜆𝜆 = 12.27
√𝑉𝑉

= 12.27
√100

= 1.227 𝐴𝐴° 

    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 λ∼d, diffraction will occur. 
d) When voltage is increased to four times, the wavelength is reduced 

to half and hence fringe width decreases. 
10. (i) Graph showing de-Broglie wavelength & associated with as a function 

of V 
       (ii) Given, Potential difference V = 400V  
 ∴ Energy = q · V = 1.6×10⁻¹⁹ × 400 = 640×10⁻¹⁹ J = 6.40×10⁻¹⁷ Joule.  
de-Broglie wavelength λ = 12.27/√V = 12.27/√400 = 12.27/20 = 0.6135 Å = 6.135×10⁻¹¹ m 
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CASE STUDY BASED QUESTIONS (4 MARKS)   

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. 

iii. 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. i) B        ii) D  iii) C  iv) A or C   
2.  i) A   ii) C  iii) C  iv) C or D 

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  
of 10 cm and are connected through an ammeter  
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 𝑀𝑀 at rest decays into two particles of masses 𝑚𝑚1 and 𝑚𝑚2 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: 

(i) Do the emitted photoelectrons have the same kinetic energy? 
(ii) Does the kinetic energy of the emitted electrons depend on the intensity of incident 

radiation? 
(iii) 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/λ). Decreasing the wavelength increases the energy of incident photons, 
making it possible to overcome the metal’s work function and eject electrons. 

b) ϕ0 = 2.39ev      λ1 = 400 nm,  λ2 = 600 nm 
for B to be minimum, energy should be maximum   ∴ λ should be minimum (i.e. λ1) 

𝐾𝐾 =
ℎ𝑐𝑐
𝜆𝜆
− 𝜙𝜙0 = 3.105 − 2.39 = 0.715 𝑒𝑒𝑒𝑒 = 1.144 × 10−19 𝐽𝐽 

The presence of magnetic field will bend the beam and there will be no current if the electron 
does not reach the other plate. 

𝑟𝑟 =
𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞

=
√2𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞

⇒ 𝐵𝐵 =
√2𝑚𝑚𝑚𝑚
𝑞𝑞𝑞𝑞

=
√2 × 9.1 × 10−31 × 1.144 × 10−19 

1.6 × 10−19 × 0.1
= 2.85 × 10−5 𝑇𝑇 

2. a) According to the law of conservation of momentum, the momentum of a system remains 
conserved. 

𝑀𝑀𝑀𝑀 = 𝑚𝑚1𝑣𝑣1 + 𝑚𝑚2𝑣𝑣2 ⇒ 0 =  𝑚𝑚1𝑣𝑣1 + 𝑚𝑚2𝑣𝑣2 ⇒ 𝑚𝑚1𝑣𝑣1 = −𝑚𝑚2𝑣𝑣2 

So, we can write, 𝑝𝑝1 = 𝑝𝑝2 ⇒
ℎ𝑐𝑐
𝜆𝜆1

= ℎ𝑐𝑐
𝜆𝜆2
⇒ 𝜆𝜆1

𝜆𝜆2
= 1 
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b) In ground state, the kinetic energy of the electron is, 𝐾𝐾 = 13.6 𝑒𝑒𝑒𝑒 = 2.18 × 10−18 𝐽𝐽 

𝜆𝜆0 =
ℎ

√2𝑚𝑚𝑚𝑚
=

6.63 × 10−34

√2 × 9.1 × 10−31 × 2.18 × 10−18
= 3.32 × 10−10 𝑚𝑚 

In the first excited state, 𝐾𝐾 = 13.6
22

= 13.6
4

 so we get 𝜆𝜆1 = 2 × 𝜆𝜆0 = 6.64 × 10−10 𝑚𝑚 
3. a) (i) 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. 
(ii) No, the kinetic energy of the emitted electrons depends only on the frequency of the incident 

radiation, not on its intensity. 
(iii) The number of emitted photoelectrons depends on the intensity of the incident radiation 

and the area exposed. 

b) 𝐸𝐸 = ℎ𝑐𝑐
𝜆𝜆

= 6.63×10−34×3×108

330×10−9
= 6.03 × 10−19𝐽𝐽 

  𝜙𝜙 = 2.2 𝑒𝑒𝑒𝑒 = 2.2 × 1.6 × 10−19 = 3.52 × 10−19 
𝐾𝐾𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐸𝐸 − 𝜙𝜙 = 6.03 × 10−19 − 3.52 × 10−19 = 2.51 × 10−19𝐽𝐽 

Stopping potential, 𝑉𝑉0 = 𝐾𝐾𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚
𝑒𝑒

= 2.51×10−19

1.6×10−19
= 1.57 𝑉𝑉 

𝑉𝑉 =
𝑘𝑘𝑘𝑘
𝑟𝑟
⇒ 𝑞𝑞 =

𝑉𝑉𝑉𝑉
𝑘𝑘

=
1.57 × 0.1

9 × 109
= 1.75 × 10−11𝐶𝐶 
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CHAPTER 12 
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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) α is +ve charged       (b) Mα > Me      
(c) Most part of an atom is empty space   (d) α  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 α particle with KE ‘K’ before it comes to momentarily at rest & reverse its direction is, 

          (a) 𝑍𝑍𝑒𝑒2

4𝜋𝜋𝜀𝜀0𝐾𝐾
   (b) 𝑍𝑍𝑒𝑒2

2𝜋𝜋𝜀𝜀0𝐾𝐾
                        (c) 𝑍𝑍𝑒𝑒

2

2𝜀𝜀0𝐾𝐾
  (d) 𝑍𝑍𝑒𝑒

2

4𝜀𝜀0𝐾𝐾
   

4. The angular momentum of the electron in the nth allowed orbit is; 
(a)  𝑃𝑃ℎ

2𝜋𝜋
    (b) ℎ

2𝜋𝜋
                     (c) 2ℎ

𝜋𝜋
   (d) 𝑛𝑛ℎ

2𝜋𝜋
   

5. In equation, what does this 𝐸𝐸𝑛𝑛 = −13.6
𝑛𝑛2

 𝑒𝑒𝑒𝑒, 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 
           (a) 𝑒𝑒2

4𝜋𝜋𝜀𝜀0𝑟𝑟
  (b) 𝑒𝑒2

8𝜋𝜋𝜀𝜀0𝑟𝑟
     (c) 𝑒𝑒3

8𝜋𝜋𝜀𝜀0𝑟𝑟
      (d) 𝑒𝑒2

3𝜋𝜋𝜀𝜀0𝑟𝑟
  

7. Energy required to excite an electron in hydrogen atom to its ground state to its first excited 
state is . 
 (a) 6.2 eV  (b) 3.40 eV                      (c) 10.2 eV     (d) -13.6 eV 

8. What is the angular momentum of an electron revolving in the 3rd orbit of an atom? 
(a) 31.5 x 10-34 J-sec            (b) 3.15 x 10-34 J-sec        
(c) 315 x 10-34 J-sec             (d) 0.315 x 10-34 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 

transition corresponds to the emission of a spectral line of wave 
length 102.7 nm 

  (a) A         (b) B                   (c) C       (d) D 
11. In Geiger-Marsden scattering experiment, the trajectory traced by an α-particle depends 

on 
(a)  number of collisions    (b)  number of scattered α-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 nth orbit rn is related to the 
principal quantum number n as 
(a)  rn ∝ n   (b)  rn ∝ 1/n  (c)  rn ∝ n²  (d)  rn ∝ 1/n² 
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 
from n = 2 is 
(a)  10.2 eV   (b)  3.4 eV  (c)  6.8 eV  (d)  0 eV 
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ANSWERS 
1.c,  2. d,  3. b,  4. d,  5. b,  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/4π. 

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 α-particle to the nucleus is always greater 
than the size of the nucleus. 

 Reason (R): Strong nuclear repulsion does not allow α-particle to reach the surface of 
nucleus. 

ANSWERS 

1. c,  2. a,  3. d,  4. a,  5. c,  6. a,  7. c,  8. a,  9. b,  10. d  
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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 α −particle 

is  d0. If α −particle is replaced by a proton, how much kinetic energy in comparison to α 
particle will it require to have the same distance of closest approach d0? 

3. Find the ratio of Bohr’s radius in ground state and 1st 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 𝐻𝐻α  & Hβ line. 𝑅𝑅 =1.03 X 107 m2) 
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 n2, 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 
transition between energy levels. 

10.The figure shows energy level diagram of hydrogen atom  
(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: 1
𝜆𝜆

= 𝑅𝑅 � 1
𝑛𝑛𝑓𝑓
2 −

1
𝑛𝑛𝑖𝑖
2�,  

 for Balmer Series nf=2 & ni=∞,  
 1

𝜆𝜆
= 𝑅𝑅 � 1

22
− 1

∞2� => 𝜆𝜆 = 4
𝑅𝑅
 => 364.6 nm 

 Similary for Paschen Series nf=3 & ni=∞,  
 1

𝜆𝜆
= 𝑅𝑅 � 1

32
− 1

∞2� => 𝜆𝜆 = 9
𝑅𝑅
 => 820 nm 

 

2. 𝐾𝐾𝛼𝛼 = 1
4𝜋𝜋𝜀𝜀0

. (𝑍𝑍𝑍𝑍)(2𝑒𝑒)
𝑑𝑑0

  ,  𝐾𝐾𝑝𝑝 = 1
4𝜋𝜋𝜀𝜀0

. (𝑍𝑍𝑍𝑍)(𝑒𝑒)
𝑑𝑑0

       => 𝐾𝐾𝑝𝑝 = 1
2
𝐾𝐾𝛼𝛼 

3. Ratio of Bohr’s Radius in Ground State and First Excited State 
Radius of nth orbit: 𝑟𝑟𝑛𝑛 = 𝑎𝑎0𝑛𝑛2    For ground state: 𝑛𝑛 = 1, 𝑟𝑟1 = 𝑎𝑎0 

For first excited state:𝑛𝑛 = 2, 𝑟𝑟2 = 4𝑎𝑎0  Therefore, 𝑟𝑟2
𝑟𝑟1

= 4𝑎𝑎0
𝑎𝑎0

= 4, 𝑟𝑟2: 𝑟𝑟1 = 4: 1  
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 
Ground state: 𝐸𝐸1 = −13.6 eV        => First excited state: 𝐸𝐸2 = −13.6

22
= −3.4 eV 

Required energy: 𝛥𝛥𝛥𝛥 = 𝐸𝐸2 − 𝐸𝐸1 = (−3.4) − (−13.6) = 10.2 eV=> 10.2 eV  
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5. Wavelength of 𝐻𝐻𝛼𝛼 and 𝐻𝐻𝛽𝛽 Using Rydberg formula: 1
𝜆𝜆

= 𝑅𝑅 � 1
𝑛𝑛12
− 1

𝑛𝑛22
� 

(i) 𝐻𝐻𝛼𝛼 line Transition: 𝑛𝑛2 = 3, 𝑛𝑛1 = 2 
1
𝜆𝜆

= 1.03 × 107 �1
4
− 1

9
� = 1.03 × 107 × 5

36
     =>  𝜆𝜆 ≈ 6.56 × 10−7 m.    => 𝜆𝜆𝐻𝐻𝛼𝛼 = 656 nm  

(ii) 𝐻𝐻𝛽𝛽 line -Transition: 𝑛𝑛2 = 4, 𝑛𝑛1 = 2.       1
𝜆𝜆

= 1.03 × 107 �1
4
− 1

16
�     = 1.03 × 107 × 3

16
 

   𝜆𝜆 ≈ 4.86 × 10−7   =>  𝜆𝜆𝐻𝐻𝛽𝛽 = 486 nm  
6. Shortest Wavelength in Balmer Series 

For shortest wavelength: 𝑛𝑛2 = ∞, 𝑛𝑛1 = 2 => 1
𝜆𝜆

= 𝑅𝑅 �1
4
� 

𝜆𝜆 = 4
𝑅𝑅
 = 4

107
 = 4 × 10−7 m => 𝜆𝜆 = 400 nm  

7. Change in de Broglie Wavelength 
de Broglie relation:  2𝜋𝜋𝜋𝜋 = 𝑛𝑛𝑛𝑛   => 𝜆𝜆 = 2𝜋𝜋𝜋𝜋

𝑛𝑛
   => Since:  𝑟𝑟𝑛𝑛 ∝ 𝑛𝑛2  => therefore 𝜆𝜆 ∝ 𝑛𝑛 

When electron jumps from 𝑛𝑛 = 4 to 𝑛𝑛 = 1, the de Broglie wavelength decreases. 
8. Show that Radius Varies as 𝑛𝑛2 

Electrostatic force provides centripetal force:  𝑚𝑚𝑣𝑣2

𝑟𝑟
= 1

4𝜋𝜋𝜀𝜀0

𝑒𝑒2

𝑟𝑟2
 

Bohr quantization condition:  𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑛𝑛ℎ
2𝜋𝜋

          =>    Squaring: 𝑚𝑚2𝑣𝑣2𝑟𝑟2 = 𝑛𝑛2ℎ2

4𝜋𝜋2
 

Using:  𝑚𝑚𝑣𝑣2 = 𝑒𝑒2

4𝜋𝜋𝜀𝜀0𝑟𝑟
          & Substituting,    we get 𝑟𝑟 ∝ 𝑛𝑛2 

9. Expression for Total Energy of Electron 
Electrostatic force: 𝑚𝑚𝑣𝑣2

𝑟𝑟
= 1

4𝜋𝜋𝜀𝜀0

𝑒𝑒2

𝑟𝑟2
    & 𝑤𝑤𝑤𝑤 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 Kinetic energy: 𝐾𝐾 = 1

2
𝑚𝑚𝑣𝑣2 

Using force equation: 𝐾𝐾 = 𝑒𝑒2

8𝜋𝜋𝜀𝜀0𝑟𝑟
    ,   Potential energy: 𝑈𝑈 = − 𝑒𝑒2

4𝜋𝜋𝜀𝜀0𝑟𝑟
 

Total energy:  𝐸𝐸 = 𝐾𝐾 + 𝑈𝑈 =>    𝐸𝐸 = 𝑒𝑒2

8𝜋𝜋𝜀𝜀0𝑟𝑟
− 𝑒𝑒2

4𝜋𝜋𝜀𝜀0𝑟𝑟
   =>.   𝐸𝐸 = − 𝑒𝑒2

8𝜋𝜋𝜀𝜀0𝑟𝑟
  & hence,  𝐸𝐸𝑛𝑛 =

−13.6
𝑛𝑛2

 eV 
Balmer Series Energy Level Diagram 
n = ∞  ---------------- 
n = 5  ---------------- ↓ 
n = 4  ---------------- ↓ 
n = 3  ---------------- ↓ 
n = 2  ---------------- ← Balmer Series 
n = 1  ---------------- 
10. Energy Level Diagram 

(a) Transition for 496 nm : 496 nm belongs to Balmer series: 𝑛𝑛2 = 4, 𝑛𝑛1 =
2        𝑖𝑖. 𝑒𝑒.     4 → 2  

(b) Transition Corresponding to Maximum Wavelength Using: 𝐸𝐸 = ℎ𝑐𝑐
𝜆𝜆

 
Maximum wavelength corresponds to minimum energy difference. Hence transition: 
4 → 3  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 Hα line.  (Take R = 1.1 × 107 m-1) 
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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 n2, where n is the principal 
quantum number of the atom. 
4. An α-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 α-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. (i) 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. 
  (ii) The radius of innermost electron orbit of a hydrogen atom is 5.3 × 10-11m. Determine its 
radius in n = 4 orbit. 
7.  (i) In hydrogen atom, an electron undergoes transition from 2nd excited state to the first excited 
state and then to the ground state. Identify the spectral series to which these transitions belong. 
(ii) 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 n2 = 4 to n1 = 2 (given R =1.097 x 107 m-1) 

ANSWERS 

Q.1 Rutherford Model and H𝛼𝛼 Line 
Limitations of Rutherford Model 
(i) 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. 
(ii) 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 
(i) Stable Orbits- Electrons revolve only in certain permitted stationary orbits without 
radiating energy. 
(ii) Quantized Energy Levels:- Radiation is emitted or absorbed only when electron 
jumps between two stationary orbits. Hence discrete spectral lines are obtained. 
Calculation of H𝛼𝛼 Line  : Using Rydberg formula, 1

𝜆𝜆
= 𝑅𝑅 � 1

𝑛𝑛12
− 1

𝑛𝑛22
� 

For H𝛼𝛼 line, 𝑛𝑛1 = 2, 𝑛𝑛2 = 3   =>  1
𝜆𝜆

= 1.1 × 107 �1
4
− 1

9
� = 1.1 × 107 × 5

36
  = 1.528 × 106 

   𝜆𝜆 = 1
1.528×106

=> 𝜆𝜆 ≈ 6.54 × 10−7 m  or 𝜆𝜆 ≈ 654 nm  
Q.2 Shortest Wavelength in Balmer Series :   For shortest wavelength, 𝑛𝑛1 = 2, 𝑛𝑛2 = ∞ 
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Using Rydberg formula, 1
𝜆𝜆

= 𝑅𝑅 �1
4
�=>  𝜆𝜆 = 4

𝑅𝑅
= 4

1.097×107
 

𝜆𝜆 ≈ 3.646 × 10−7 m   𝑜𝑜𝑜𝑜 𝜆𝜆 ≈ 364.6 nm      This wavelength lies in ultraviolet region. 
Q.3 Radius of Orbit varies as 𝑛𝑛2 => Electrostatic force provides centripetal force,𝑚𝑚𝑣𝑣2

𝑟𝑟
= 1

4𝜋𝜋𝜀𝜀0

𝑒𝑒2

𝑟𝑟2
 

Bohr quantization condition,  𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑛𝑛ℎ
2𝜋𝜋

   ,      Squaring, 𝑚𝑚2𝑣𝑣2𝑟𝑟2 = 𝑛𝑛2ℎ2

4𝜋𝜋2
     Using, 𝑚𝑚𝑣𝑣2 =

𝑒𝑒2

4𝜋𝜋𝜀𝜀0𝑟𝑟
 

Substituting,  𝑟𝑟 = 𝜀𝜀0𝑛𝑛2ℎ2

𝜋𝜋𝜋𝜋𝑒𝑒2
        Thus,   𝑟𝑟𝑛𝑛 ∝ 𝑛𝑛2    Hence proved. 

Q.4 Distance of Closest Approach 
At closest approach, entire kinetic energy converts into electrostatic potential energy. 
Initial kinetic energy,𝐾𝐾      Potential energy at distance 𝑑𝑑,   U =  1

4𝜋𝜋𝜀𝜀0

(2𝑒𝑒)(𝑍𝑍𝑍𝑍)
𝑑𝑑

 

Equating energies, 𝐾𝐾 = 1
4𝜋𝜋𝜀𝜀0

2𝑍𝑍𝑒𝑒2

𝑑𝑑
 => Therefore, 𝑑𝑑 = 1

4𝜋𝜋𝜀𝜀0

2𝑍𝑍𝑒𝑒2

𝐾𝐾
 

Q.5 Total Energy of Electron in Hydrogen Atom 
Electrostatic force provides centripetal force, 𝑚𝑚𝑣𝑣2

𝑟𝑟
= 1

4𝜋𝜋𝜀𝜀0

𝑒𝑒2

𝑟𝑟2
    Hence, 𝑚𝑚𝑣𝑣2 = 𝑒𝑒2

4𝜋𝜋𝜀𝜀0𝑟𝑟
 

Kinetic Energy.  𝐾𝐾 = 1
2
𝑚𝑚𝑣𝑣2    =>. 𝐾𝐾 = 𝑒𝑒2

8𝜋𝜋𝜀𝜀0𝑟𝑟
      &.     Potential Energy 𝑈𝑈 = − 𝑒𝑒2

4𝜋𝜋𝜀𝜀0𝑟𝑟
 

Total Energy.  𝐸𝐸 = 𝐾𝐾 + 𝑈𝑈  =>      𝐸𝐸 = 𝑒𝑒2

8𝜋𝜋𝜀𝜀0𝑟𝑟
− 𝑒𝑒2

4𝜋𝜋𝜀𝜀0𝑟𝑟
     =>       𝐸𝐸 = − 𝑒𝑒2

8𝜋𝜋𝜀𝜀0𝑟𝑟
 

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,  𝐸𝐸𝑛𝑛 = −13.6

𝑛𝑛2
 eV 

Ground state n=1, 𝐸𝐸1 = −13.6 eV             For 𝑛𝑛 = 4,  𝐸𝐸4 = −13.6
16

= −0.85 eV 
Energy absorbed, 𝛥𝛥𝛥𝛥 = 𝐸𝐸4 − 𝐸𝐸1  = (−0.85) − (−13.6)   = 12.75 eV 
Using,  𝜆𝜆 = ℎ𝑐𝑐

𝐸𝐸
  => 𝜆𝜆 = 1240

12.75
   => 𝜆𝜆 ≈ 97 nm  

(i) Radius of 𝑛𝑛 = 4 Orbit -  Given,  𝑟𝑟1 = 5.3 × 10−11 m 
Using,   𝑟𝑟𝑛𝑛 = 𝑛𝑛2𝑟𝑟1     => 𝑟𝑟4 = 16 × 5.3 × 10−11   =>  𝑟𝑟4 = 8.48 × 10−10 m  
Q.7 Spectral Series: (i) Spectral Series - Second excited state,  𝑛𝑛 = 3,   Transition,  3 → 2 
belongs to Balmer series. 
Transition, 2 → 1,  belongs to Lyman series. 
(ii) Ratio of Wavelengths. Using, 1

𝜆𝜆
= 𝑅𝑅 � 1

𝑛𝑛12
− 1

𝑛𝑛22
�   For 3 → 2,  1

𝜆𝜆1
= 𝑅𝑅 �1

4
− 1

9
� = 5𝑅𝑅

36
 

For 2 → 1, 1
𝜆𝜆2

= 𝑅𝑅 �1 − 1
4
� = 3𝑅𝑅

4
  =>    Thus,   𝜆𝜆1

𝜆𝜆2
= 27

5
 , hence     𝜆𝜆1: 𝜆𝜆2 = 27: 5  

Q.8 Kinetic and Potential Energies: Given, 𝐸𝐸 = −13.6 eV 
Relation,  𝐾𝐾 = −𝐸𝐸 => 𝐾𝐾 = 13.6 eV            Potential energy,  𝑈𝑈 = 2𝐸𝐸  =>  𝑈𝑈 = 2(−13.6)         
=> 𝑈𝑈 = −27.2 eV      Thus, 𝐾𝐾 = 13.6 eV          &.  𝑈𝑈 = −27.2 eV  
Q.9 Ratio of Energies of Photons 
For transition 2 → 1, 𝐸𝐸2 = −3.4 eV    &.     𝐸𝐸1 = −13.6 eV 
Photon energy,𝛥𝛥𝐸𝐸1 = 10.2 eV 
For transition ∞ → 1,  𝐸𝐸∞ = 0        &         𝛥𝛥𝐸𝐸2 = 13.6 eV      Therefore,  𝛥𝛥𝐸𝐸1

𝛥𝛥𝐸𝐸2
= 10.2

13.6
= 3

4
 

Q.10 Wave Number, Wavelength and Frequency: Given, 𝑛𝑛2 = 4, 𝑛𝑛1 = 2 
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Using Rydberg formula, 𝜈𝜈‾ = 𝑅𝑅 �1
4
− 1

16
� = 1.097 × 107 × 3

16
    =>  𝜈𝜈‾ = 2.057 × 106 m−1  

Wavelength --  𝜆𝜆 = 1
𝜈𝜈‾
   = 1

2.057×106
   => 𝜆𝜆 = 4.86 × 10−7 m  or 486 nm  

Frequency.  Using, 𝜈𝜈 = 𝑐𝑐𝜈𝜈‾ = 3 × 108 × 2.057 × 106 =>  𝜈𝜈 = 6.17 × 1014 Hz  
 

CASE BASED QUESTIONS 
(a)   The spectral series of hydrogen atom were accounted for by Bohr using the relation 
1
𝜆𝜆

= 𝑅𝑅 � 1
𝑛𝑛12
− 1

𝑛𝑛22
�, where, R=Rydberg constant = 1.097 x 107 m-1. 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 2nd orbit from any subsequent orbit. Paschen series is 
obtained when an electron jumps to 3rd 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=∞. 

 (i) What is the ratio of minimum to maximum wavelength in Balmer series?  
  (a) 5:2       (b) 5:9     (c) 5:8    (d) 9:5 
 (ii) Which series of hydrogen spectrum can we see through naked eye? 
  (a) Laymen     (b) Balmer Series   (c) paschan     (d) none  
 (iii) What is the wavelength of first spectral line of Lyman series? 
  (a) 1215.4       (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 1014 Hz        (b) 5.57 x 1014 Hz     (c) 7.57 x 1014 Hz    (d) 0.57 x 1014 
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 2nd orbit from any subsequent 
orbit. Paschen series is obtained when an electron jumps to 3rd 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=∞. 
(i) The wavelength of first spectral line of Lyman series is 

(a) 1215.4 A0  (b) 1215.4 cm  (c) 1215.4 m  (d)1215. 4 mm 
(ii) The wavelength limit of Lyman series is 

(a) 951.6 A0  (b) 511.9 A0  (c)1215.4 A0  (d) 911.6 A0 
(iii) The frequency of first spectral line of Balmer series is 

(a) 1.097 x 107 Hz (b) 4.57 x 1014 Hz (c) 4.57 x 1015 Hz (d) 4.57 x 1016 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 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 159 

 

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. 

(i) In hydrogen atom, the energy corresponding to principal quantum number n =2 is 
 (a) -13.6 eV (b) -3.4 eV  (c)  +13.6 eV  (d)  +3.4 eV 
(ii) 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 
(iii) 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  
Q.1  :   (i) B   (ii) B   (iii) A      (iv) A 

       Q.2:-   (i) A   (ii) C   (iii) C      (iv) D 
       Q.3:-   (i) B   (ii) C   (iii) C      (iv) 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 Hα line of the 
Balmer Series. 
(b) Using Bohr’s postulates, obtain the expression for the radius of nth orbit in hydrogen 
atom. 

2. (I) State Bohr’s postulates. Using these postulates derive an expression for the total energy 
of an electron in nth 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 ni) to the lower state (nf). 
(II) When electron in hydrogen atom jumps from energy state ni=4 to nf=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.  ℎ𝜈𝜈 = 𝐸𝐸𝑖𝑖 − 𝐸𝐸𝑓𝑓 
Thus only specific frequencies are emitted, giving discrete spectral lines. 
Calculation of Wavelength of H𝛼𝛼 Line 

For Balmer series: 𝑛𝑛𝑓𝑓 = 2 , For H𝛼𝛼 line:   𝑛𝑛𝑖𝑖 = 3,   Using Rydberg formula: 1
𝜆𝜆

= 𝑅𝑅 � 1
𝑛𝑛𝑓𝑓
2 −

1
𝑛𝑛𝑖𝑖
2� 

1
𝜆𝜆

= 1.523 × 106 𝑚𝑚−1  =>    𝜆𝜆 = 6.56 × 10−7𝑚𝑚     => 𝜆𝜆 = 656 𝑛𝑛𝑛𝑛  
1(b) Radius of nth Orbit:  According to Bohr model: 

Step 1: Electrostatic Force = Centripetal Force      1
4𝜋𝜋𝜖𝜖0

𝑒𝑒2

𝑟𝑟2
= 𝑚𝑚𝑣𝑣2

𝑟𝑟
 

Step 2: Bohr Quantisation Condition          𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑛𝑛ℎ
2𝜋𝜋

 =>  𝑣𝑣 = 𝑛𝑛ℎ
2𝜋𝜋𝜋𝜋𝜋𝜋

 

Step 3: Substitute Value of v     1
4𝜋𝜋𝜖𝜖0

𝑒𝑒2

𝑟𝑟2
= 𝑚𝑚

𝑟𝑟
� 𝑛𝑛ℎ
2𝜋𝜋𝜋𝜋𝜋𝜋

�
2

     𝑜𝑜𝑜𝑜     Solving, 𝑟𝑟𝑛𝑛 = 𝜖𝜖0𝑛𝑛2ℎ2

𝜋𝜋𝜋𝜋𝑒𝑒2
 

For hydrogen atom:  𝑟𝑟𝑛𝑛 = 𝑛𝑛2𝑎𝑎0, Where. 𝑎𝑎0 = 0.53 Å.  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:     𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑛𝑛ℎ

2𝜋𝜋
 

3. Radiation is emitted or absorbed when electron jumps from one stationary orbit to 
another. ℎ𝜈𝜈 = 𝐸𝐸𝑖𝑖 − 𝐸𝐸𝑓𝑓 

Derivation of Total Energy 
Total energy:  𝐸𝐸 = 𝐾𝐾 + 𝑈𝑈 ,    Where 𝐾𝐾 = Kinetic Energy, 𝑈𝑈 = Potential Energy 
Step 1: Kinetic Energy  1

4𝜋𝜋𝜖𝜖0

𝑒𝑒2

𝑟𝑟2
= 𝑚𝑚𝑣𝑣2

𝑟𝑟
 =>.  𝑚𝑚𝑣𝑣2 = 1

4𝜋𝜋𝜖𝜖0

𝑒𝑒2

𝑟𝑟
=>    𝐾𝐾 = 1

2
𝑚𝑚𝑣𝑣2 = 1

8𝜋𝜋𝜖𝜖0

𝑒𝑒2

𝑟𝑟
 

Step 2: Potential Energy.  𝑈𝑈 = − 1
4𝜋𝜋𝜖𝜖0

𝑒𝑒2

𝑟𝑟
 

Step 3: Total Energy 𝐸𝐸 = 𝐾𝐾 + 𝑈𝑈 = 1
8𝜋𝜋𝜖𝜖0

𝑒𝑒2

𝑟𝑟
− 1

4𝜋𝜋𝜖𝜖0

𝑒𝑒2

𝑟𝑟
=> 𝐸𝐸 = − 1

8𝜋𝜋𝜖𝜖0

𝑒𝑒2

𝑟𝑟
 

Substituting value of radius,   𝐸𝐸𝑛𝑛 = −13.6
𝑛𝑛2

 𝑒𝑒𝑒𝑒 
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. 𝑎𝑎0 = 0.53 Å  
Answer : 3. Frequency of Radiation Emitted : When electron jumps from higher orbit (𝑛𝑛𝑖𝑖) to 
lower orbit �𝑛𝑛𝑓𝑓�:  ℎ𝜈𝜈 = 𝐸𝐸𝑖𝑖 − 𝐸𝐸𝑓𝑓 

Energy of nth orbit: 𝐸𝐸𝑛𝑛 = −13.6
𝑛𝑛2

 𝑒𝑒𝑒𝑒 =>.      Therefore, ℎ𝜈𝜈 = 13.6 � 1
𝑛𝑛𝑓𝑓
2 −

1
𝑛𝑛𝑖𝑖
2� 𝑒𝑒𝑒𝑒 
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Hence, 𝜈𝜈 = 13.6
ℎ
� 1
𝑛𝑛𝑓𝑓
2 −

1
𝑛𝑛𝑖𝑖
2�  

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  
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CHAPTER 13 
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 MULTIPLE CHOICE QUESTIONS 

1 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 

2 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 R0 = 1.2 fm) 
(a) 27                  (b) 48                     (c) 56            (d) 120 

3. If the binding energy per nucleon of 2H and 4He nuclei are 1.1 MeV and 7.0 MeV 
respectively, then the energy released in the reaction 2H + 2H → 4He is: 
(a) 23.6 MeV    (b) 28.0 MeV          (c) 5.9 MeV    (d) 25.2 MeV 

4 The radius of a nucleus of mass number A is proportional to: 
(a) A                  (b) A²                    (c) A(1/3)          (d) A(1/2) 

5. 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 

6. If the nuclear radius of ²⁷Al is 3.6 Fermi, the approximate nuclear radius of ⁶⁴Cu (in Fermi) is: 
(a) 2.4                 (b) 4.8                   (c) 3.6            (d) 5.2  

7. 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 ∝ A 
(c) Nuclei are all spherical in shape    (d) All nuclei have same number of protons 

8. 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 

9. The binding energy per nucleon is maximum for: 
(a) ²H                  (b) ⁵⁶Fe                       (c) ²³⁵U                   (d) ²⁰⁸Pb 

10. The mass defect of a nucleus is Δm. The binding energy per nucleon (for mass number A) is: 
(a) Δm·c²/A          (b) Δm·c²                  (c) A·Δm·c²           (d) Δm/(A·c²) 

11. 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             (c) 0.024 u           (d) 0.24 u 

 
Observe and Think: 

Why do you think nature prefers iron (⁵⁶Fe) to be the most stable nucleus? What advantages might 
this provide in stars and galaxies? 

12. 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 

13. In the graph of binding energy per nucleon versus mass number, two nuclei can release energy by: 
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(a) Fusion only                             (b) Fission only 
(c) Either fission or fusion depending on their mass number 
(d) Neither fission nor fusion 

14. 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 

15. 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 

16. In the fission of ²³⁵U by a slow neutron, one of the products is ¹⁴⁰Ba. What is the other heavy 
fragment? 
(a) ⁹³Kr                     (b) ⁹⁴Kr                    (c) ⁹²Kr                     (d) ⁹⁵Kr 

17. 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 

18. Nucleus X235  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) 21/3:1                   (d) 1:21/3 

19. The energy equivalent of 1 amu (atomic mass unit) in MeV is: 
(a) 931 MeV        (b) 1.6 MeV      (c) 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? 

20. In the nuclear reaction ²₁H + ²₁H → ³₂He + n, the energy released is (given: mass of ²₁H = 2.01410 
u; mass of ³₂He = 3.01609 u; mass of n = 1.00867 u; 1 u = 931.5 MeV/c²): 
(a) 3.27 MeV          (b) 4.03 MeV          (c) 2.23 MeV          (d) 17.6 MeV 

 ANSWERS 

 1,a,     2. a,     3. a,   4. c,     5. c,    6. b,    7. b,    8. b,    9. b,  10. a,  

11. a,  12. d,  13. c,  14. b,  15. b,  16. a,  17. c,  18. c,  19. a,  20. a 
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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. 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 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. 

2. Assertion (A): Nuclear forces are charge independent. 
Reason (R): The nuclear force between neutron-neutron, proton-proton, and proton-neutron pairs 
are approximately equal. 

3. 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. 

4. 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. 

5. 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. 

6. 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. 

7. 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? 

8. Assertion (A): Heavy nuclei tend to be unstable and undergo radioactive decay. 
Reason (R): In heavy nuclei, the repulsive electrostatic forces between protons are sufficiently 
balanced by the attractive nuclear forces 

9 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. 

10 Assertion(A): Distance of closest approach of α-particle to the nucleus is always greater than 
the size of the nucleus. 
Reason(R): Strong nuclear repulsion does not allow α-particle to reach the surface of nucleus 

 ANSWERS 



ZIET MYSURU-SSM PHYSICS-XII-2026-27 166 

 

1. a,   2. a,   3. a,   4. a,   5. a,   6. a,   7. d,   8. c,   9. a,   10. a 

  

 SHORT ANSWER QUESTIONS (2 & 3 MARK) 
1. Define atomic mass unit (amu). What is its value in kg and MeV? 
2. What are isotopes and isobars? Give one example of each. 
3. State two properties of nuclear forces that distinguish them from gravitational and electromagnetic 

forces. 
4. Show that the density of nuclear matter is independent of mass number A. (Given: nuclear radius R 

= R₀A(1/3) where R₀ = 1.2 × 10⁻¹⁵ m) 
5. Why do heavy nuclei have more neutrons than protons? Explain briefly. 
6. Define binding energy of a nucleus. Write the expression for binding energy in terms of mass defect. 
7. What is mass defect of a nucleus? How is it related to binding energy? 
8. Draw a rough sketch of the graph showing the variation of binding energy per nucleon with mass 

number. Mark the position of ⁵⁶Fe on the graph. 
9. Why is it not possible to use ²³⁸U as a nuclear fuel for fission reactors (unlike ²³⁵U)? 
10. Find the binding energy of ⁴He nucleus. Given: mass of ⁴He = 4.002602 u, mass of proton = 

1.007825 u, mass of neutron = 1.008665 u, 1 u = 931.5 MeV/c². 
11. Calculate the energy released per fission of ²³⁵U 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. 

12. 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. 

13. Explain the working principle of a nuclear reactor. Name the main components and state the function 
of each. 

14. What are nuclear forces? State four important properties of nuclear forces that distinguish them from 
other fundamental forces. 

15. Calculate the binding energy of the nucleus of ⁵⁶₂₆Fe. Comment on why iron has the most stable 
nucleus. (Given: M(⁵⁶Fe) = 55.9349 u; mₚ = 1.00728 u; mₙ = 1.00867 u; 1 u = 931.5 MeV) 

 
Amazing Facts About Nuclei 
One gram of nuclear fuel can produce energy equal to tons of coal. 

16. In the nuclear reaction: ²³⁵₉₂U + ¹₀n → ¹³⁹₅₆Ba + ⁹⁴₃₆Kr + x(¹₀n), find x. Also calculate the energy 
released per fission, given: m(²³⁵U) = 235.0439 u; m(¹³⁹Ba) = 138.9088 u; m(⁹⁴Kr) = 93.9341 u; m(n) 
= 1.00867 u; 1 u = 931.5 MeV. 

17. (i) How is the size of a nucleus found experimentally? Write the relation between the radius and 
mass number of a nucleus.  
(ii) Prove that the density of a nucleus independent of its mass number. 

18. 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. 

19. 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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20. 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 

1. Atomic mass unit (amu) is defined as 1/12th of the mass of a carbon-12 atom. 1 amu = 1.66 × 10⁻²⁷ 
kg = 931.5 MeV/c². 

2. Isotopes are atoms with same atomic number but different mass numbers (e.g., ¹H and ²H). Isobars 
are atoms with same mass number but different atomic numbers (e.g., ¹⁴C and ¹⁴N). 

3. Nuclear forces are very strong but short-ranged, and they are independent of electric charge. 
4. Density ρ = Mass/Volume ∝ A/R³. Since R = R₀A¹ᐟ³, therefore R³ ∝ A. Hence ρ becomes 

independent of mass number A. 
5. Heavy nuclei contain more neutrons to reduce electrostatic repulsion between protons and increase 

nuclear stability. 
6. Binding energy is the energy required to separate a nucleus into its nucleons. BE = (Δm)c². 
7. Mass defect is the difference between the sum of masses of nucleons and the actual nuclear mass. 

Binding energy is given by BE = (Δm)c². 
8. Binding energy per nucleon increases rapidly, reaches maximum near ⁵⁶Fe, and then decreases 

slowly for heavier nuclei. 
9. ²³⁸U is not fissile with slow neutrons, whereas ²³⁵U readily undergoes fission chain reaction. 
10. Mass defect Δm = [2(1.007825) + 2(1.008665) − 4.002602] = 0.030378 u. Binding energy = 

0.030378 × 931.5 ≈ 28.3 MeV. 
11. Energy released = (8.5 − 7.6) × 235 = 211.5 MeV. 
12. Binding energy per nucleon rises up to ⁵⁶Fe and then decreases slowly. Energy in fission and fusion 

is released because products have greater binding energy per nucleon. 
13. 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. 
14. 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? 

15. Mass defect Δm = [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. 

16. By conservation of mass number, x = 3. Mass defect Δm = 0.18366 u. Energy released = 0.18366 × 
931.5 ≈ 171 MeV. 

17. (i) The size of a nucleus is determined experimentally by alpha-particle scattering experiments. 
The relation between nuclear radius and mass number is: 
R = R₀A¹ᐟ³    where R₀ = 1.2 × 10⁻¹⁵ m. (ii) Volume of nucleus:, V = (4/3)πR³ Since, R = R₀A¹ᐟ³, 
Therefore, V ∝ A Mass of nucleus: M ∝ A, Hence density, ρ = M/V ∝ A/A = constant, Thus 
nuclear density is independent of mass number. 
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18. The binding energy per nucleon rises rapidly for light nuclei, reaches maximum near ⁵⁶Fe, and 
then decreases slowly for heavy nuclei. 
Inferences:• ⁵⁶Fe 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. 

19. Initial total binding energy: BEᵢ = 240 × 7.6 = 1824 MeV 
Final total binding energy: BEf = 240 × 8.5 = 2040 MeV 
Energy released: E = BEf − BEᵢ, E = 2040 – 1824, E = 216 MeV 

20. 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. 

 
 Build Your Own Analogy 

Research and prepare a short report on India’s major nuclear power plants. 
 LONG ANSWER QUESTIONS 
1. (a) Explain mass defect and binding energy. Derive the relation: B.E. = Δm × c². (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 
⁴He if its atomic mass is 4.002602 u. 

2. (a) Explain nuclear fission. Write the reaction for fission of ²³⁵U 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 ²³⁵U 
but not in natural uranium (predominantly ²³⁸U)? 

3. (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:     
²₁H + ³₁H → ⁴₂He + n     (m(²H) = 2.01410 u, m(³H) = 3.01604 u, m(⁴He) = 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 (iii) radioactive waste. 

4. (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 ¹₁H 
and ²⁰⁸₈₂Pb are R₁ and R₂ respectively. Calculate the ratio R₂/R₁. (Mₕ = 1, M_Pb = 208) 

5. (i) 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 < 170? 
(ii) Show that the density of nucleus over a wide range of nuclei is constant- independent of mass 
number. 
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 ANSWERS 
1. (a)Mass defect (Δm) is the difference between the sum of masses of individual nucleons and the 

actual mass of the nucleus. 
Δm = [Zmₚ + (A−Z)mₙ] − 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 = mc² 
Therefore: B.E. = Δm × c², (b) The binding energy per nucleon increases rapidly for light nuclei, 
reaches a maximum near iron (⁵⁶Fe), and then decreases slowly for heavy nuclei. The peak occurs 
near ⁵⁶Fe 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) Δm = [2(1.007825) + 
2(1.008665)] − 4.002602 
Δm = 4.03298 − 4.002602      Δm = 0.030378 u 

2. (a)Nuclear fission is the process in which a heavy nucleus splits into two lighter nuclei with 
release of energy and neutrons. 
Reaction: ²³⁵₉₂U + ¹₀n → ¹⁴¹₅₆Ba + ⁹²₃₆Kr + 3¹₀n + Energy 
Average energy released per fission ≈ 200 MeV. 
(b) A nuclear reactor works on controlled nuclear fission. 
Components and functions: 
• Fuel (²³⁵U): 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) ²³⁵U is fissile and undergoes fission with slow neutrons, whereas ²³⁸U does not undergo fission 
with slow neutrons. Hence sustained chain reaction is possible only in ²³⁵U. 

3. (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: 4¹₁H 
→ ⁴₂He + Energy 
(b) Reaction: 
²₁H + ³₁H → ⁴₂He + ¹₀n 
Initial mass = 2.01410 + 3.01604 = 5.03014 u 
Final mass = 4.00260 + 1.00867 = 5.01127 u 
Δm = 5.03014 − 5.01127,   Δm = 0.01887 u 
Energy released:   E = 0.01887 × 931.5,    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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4. (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 = R₀A¹ᐟ³ 
Volume: V ∝ R³ ∝ A,   Mass: M ∝ A,    Density: ρ = 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 = R₀A¹ᐟ³,      R₂/R₁ = (208/1)¹ᐟ³,  R₂/R₁ ≈ 5.94,Therefore: R₂/R₁ ≈ 6 

5. (i)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. 
(ii) Nuclear radius R = R₀A¹ᐟ³. Hence volume V ∝ R³ ∝ A, while nuclear mass M ∝ A. Therefore, 
ρ = M/V ∝ A/A = constant, showing nuclear density is independent of mass number. 

 CASE STUDY-BASED QUESTIONS 
1. Binding Energy and Nuclear Stability 

The binding energy of a nucleus is the energy required to completely separate its nucleons. It equals 
Δm × c², where Δm is the mass defect. The binding energy per nucleon (BEN) curve peaks near ⁵⁶Fe 
(~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 ²³⁵U. 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) 211.5 MeV      (c) 100 MeV      (d) 1 GeV 

(ii). Which of the following nuclei has the highest binding energy per nucleon? 
(a) ²₁H                  (b) ⁴₂He                 (c) ⁵⁶₂₆Fe             (d) ²³⁵₉₂U 

(iii). The mass defect of ⁴₂He is 0.0304 u. Its binding energy is approximately: 
(a) 28.3 MeV       (b) 7.1 MeV          (c) 56.5 MeV     (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 ²³⁵U only                     (b) Fusion of hydrogen nuclei only 
(c) Both (a) and (b)                           (d) Neither (a) nor (b) 

2. Nuclear Fission and Chain Reaction 
When ²³⁵U 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                 (c) k < 1                    (d) k = 0 

(iv). The energy released per fission of ²³⁵U (~200 MeV) is primarily in the form of: 
(a) Kinetic energy of neutrons only      (b) Gamma rays only 
(c) Kinetic energy of fission fragments, neutrons, and gamma rays 
(d) Heat energy of the moderator 

 ANSWERS 

 (i).b                (ii). c             (iii).a               (iv). c  

 (i).b                  (ii). d             (iii). c               (iv). c   
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 MULTIPLE CHOICE QUESTIONS 
1 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. 
2 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        

      (c) an n-type semiconductor        (d) a p-type semiconductor 
3 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) 10/√2  V           (b) 10/π  V          (c) 10 V        (d) 20/π  V 

4 In which case is the junction diode forward biased. 
 
 

5 Assuming that the junction diode is ideal, and resistor has resistance of 200 Ω. The current in the 
arrangement shown here will be: 

 
(a) 2 mA  (b) 30 mA  (c) 20 mA  (d) 10 mA 

6 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. 

7 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. 
8 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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Suppose all holes disappeared from a p-type semiconductor. 
Would current stop completely?    Could the material still conduct?  Discuss scientifically. 

9 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 

10 In the given circuit the input voltage Vin is shown in figure. The cut-in 
voltage of p-n junction diode (D1 or D2) is 0.6 V. Which of the following 
output voltage (V0) waveform across the diode is correct?  

 
(a)                                     (b)     

                                                          
  
 
 
 
 
    
     c)           (d) 

  

ANSWERS 

 1.a, 2. d, 3. d, 4. b, 5. d, 6. c, 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. 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): 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. 

2 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. 

3 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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 THINK LIKE AN ENGINEER: Why are impurities added in quantities as small as: # “1 atom per 
million atoms” 
Why not add more impurities? 

4 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. 

5 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. 

6 Assertion(A): The band gap of Germanium is higher than that of silicon. 
Reason(R): Germanium has higher resistivity than silicon. 

7 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. 

8 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. 

9 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. 

10 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. c, 2. d, 3. c, 4. a, 5. c, 6. d, 7. c, 8. a, 9. a, 10. a 

 VERY-SHORT ANSWER QUESTIONS 

1. In the following circuit diagram, is the junction diode forward biased or reverse biased? 

(i)          (ii)   

(iii)  (iv)  

(v)  
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2. Draw and explain the output wave forms across the load resistor R, if the 
input waveform is as shown in the figure. 
 

 
THINK LIKE A RESEARCHER : Suppose scientists create a diode with: 

● zero cut-in voltage, zero power loss, no heating. How would technology change? 
3. Determine the current for the network.(Barrier voltage for the Si diode is 0.7Volt) 

4. 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? 

5. In the given circuit, Find the current through the battery? 

6. In the given circuit, Find the voltage across load resistance ( R L) 
 
 

7. How are charge carriers created in an intrinsic semiconductor ? Explain. 
8. Write two points of difference between intrinsic and extrinsic semiconductors. 
9. Differentiate between n-type and p-type semiconductors. 
10. Ge and Si diodes start conducting at 0.3 V and 0.7 V respectively. In the 

following figure if Ge diode connection are reversed, the value of Vo 
changes by ? 
 

 SHORT-ANSWER QUESTIONS 
1. (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. 

2. Differentiate between half-wave and full-wave rectification. With the help of a circuit diagram, 
explain the working of a full-wave rectifier. 

3. In an intrinsic semiconductor, carrier’s concentration is 5 x 108 m-3. On doping with impurity atoms, 
the hole concentration becomes 8 x 1012 m-3. 

(a) Identify (i) the type of dopant and (ii) the extrinsic semiconductor so formed. 
(b) Calculate the electron concentration in the extrinsic semiconductor. 
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4. 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. 

5. A p-type Si semiconductor is made by doping an average of one dopant atom per 5x107 silicon 
atoms. If the number density of silicon atoms in the specimen is 5x1028 atoms m-3, find the number 
of holes created per cubic centimetre in the specimen due to doping. Also give one of such dopants. 

6. 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. 

7. .(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. 

8. .(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. 

9. (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. 
 
Estimate the dynamic resistance of diode at V = -
0.6 volt. 

10. 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 ? 

11. A semiconductor has equal electron and hole concentration of 3 x 108 m–3. On doping with a certain 
impurity, the hole concentration increases to 6 x 1010 m–3.  
(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. 

12. (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 ? 

13. Suppose a pure Si crystal has 5 × 1028 atoms per m3. It is doped with 5 × 1022 atoms per m3 of 
Arsenic. Calculate the majority and minority carrier concentration in the doped silicon. (Given : ni = 
1·5 × 1016 m–3) 

14. Draw a circuit diagram of a full-wave rectifier using p-n junction diodes. Explain its working and 
show the input-output waveforms. 

 
● Integrated Circuits (ICs) combine thousands to billions of semiconductor components on a 

tiny chip. 
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● Gallium Arsenide (GaAs) semiconductors are faster than silicon and are used in high-
frequency applications. 

15. 

 
AN ac voltage Vi = 12 sin (100 πt)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 V0 across the three resistors when the input voltage attains its 
peak value. 

16. Briefly explain the two important processes that occur during the formation of a p-n junction. 
17. With the help of circuit diagrams, briefly explain the forward biasing and the reverse biasing of a p-

n junction diode. 
18. With the help of a circuit diagram, explain the working of a full wave rectifier. Depict the input and 

output waveforms. 
19. The hole concentration in an intrinsic semiconductor is 5 x 108 m−3. When it is doped with certain 

impurity, the electron concentration becomes 4 x 1012 m−3. Find the new value of the hole 
concentration. Also identify the type of new semiconductor formed after doping. 

20. 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 
1. (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. 

2. 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. 

3. (a) (i) Dopant is trivalent impurity. (ii) Extrinsic semiconductor formed is p-type. 
(b) Electron concentration = 3.125 × 104 m-3. 

4. 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). 

5. Number of holes created = 1015 cm-3. One suitable dopant is Boron (B). 
6. 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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   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. 

7. (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. 
(c) Cut-in voltage and dynamic resistance can be obtained. 

8. (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. 

9. 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 = ΔV/ΔI. 

10. 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. 

11. (a) p-type semiconductor is formed. 
(b) Electron concentration = 1.5 × 10^6 m^-3. 
(c) Energy gap remains almost unchanged on doping. Acceptor level appears just above valence 
band. 

12. (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. 

13. Majority carrier concentration = 5 × 1022 m-3. 
Minority carrier concentration = 4.5 × 109 m-3. 

14. 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. 

15. (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. 

16. 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. In 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 × 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. 

 
 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. 

 
2. (a) A student connects p-side of a p-n 

junction diode with positive terminal of 
battery and n-side is connected with 
negative terminal of battery. Another 
student connects the diode in opposite way 
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 = (nvn)/(pvp), we get vn/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. 

(i) Which of the following is a donor impurity atom for Ge ?  
(a) Boron  (b) Antimony   (c) Aluminium  (d) Indium 

(ii) 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) 0.5 eV  (b) 0.1 eV  (c) 0.05 eV  (d) 0.01 eV 
(iii) 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) 25 Hz  (b) 50 Hz (c) 100 Hz  (d) 200 Hz 
2. 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 RL). 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. 

(i) 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 

(ii) The diode used in the circuit shown in the figure has a constant voltage 
drop at 0.5 V at all currents and a maximum power rating of 100 milliwatts. 
What should be the value of the resistor R, connected in series with diode 
for obtaining maximum current?  

(a) 6.76 Ω     (b) 20 Ω       (c) 5 Ω    (d) 5.6 Ω 
(iii) The average value of full wave rectified voltage with a peak voltage of 66 V is 
    (a)  66 V            (b) 32 V      (c) 42 V        (d)  88 V 
(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 Ω 

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) 35 mA      (b) 20 mA     (d) 30 mA 
 

 ANSWERS 
1.  i).b                 (ii). c              (iii).b    (iv). b   OR         (v). c 
2. (i). a                   (ii). c              (iii).d             (iv). a   OR          (v).d 
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