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TIME ALLOWED: THREE HOURS 

PART-I (MCQs)    : MAXIMUM 30 MINUTES 

(PART-I MCQs)  MAXIMUM MARKS: 20 

(PART-II)   MAXIMUM MARKS: 80 

NOTE: (i)   First attempt PART-I (MCQs) on separate OMR Answer Sheet which shall be taken back 

after 30 minutes.  

 (ii)  Overwriting/cutting of the options/answers will not be given credit. 

 (iii) There is no negative marking. All MCQs must be attempted. 
 

PART-I (MCQs)(COMPULSORY) 
 

       Q.1. (i) Select the best option/answer and fill in the appropriate Box      on the OMR Answer Sheet.(20x1=20) 

         (ii) Answers given anywhere else, other than OMR Answer Sheet, will not be considered. 
 

1.  If A=6i-8j, then 4A has magnitude:  

  (A)   10     (B)   40     (C)   20    (D)   -28 

2. Which of the following is not a vector quantity? 

  (A)   Momentum    (B)   Force       (C)   Work                     (D)   Displacement  

3. Let A=2i+6j-2k and B=i+4k, then A.B is equal to:  

  (A)   -6            (B)   6      (C)   0                             (D)   None of these         

4. When the velocity of a body is constant, its acceleration is:    

  (A)   Non-zero    (B)   Maximum        (C)   Minimum    (D)   zero             

5. What does a wave transmit from one place to another? 

  (A)   Energy            (B)   Mass        (C)   Wavelength          (D)   Amplitude  

6. The rate of change of momentum of a particle is equal to:  

  (A)   Energy                        (B)   Force                          (C)   Acceleration         (D)   Speed 

7. The waves in which particles of the medium vibrate in the direction of the wave motion are called: 

  (A)   Stationary                     (B)   Longitudinal              (C)   Transverse          (D)   Mechanical  

8. What is the SI unit of angular acceleration? 

  (A)   ms⁻¹                             (B)   rad s⁻¹                           (C)     rad                   (D)  None of these                  

9. Which of the following statements is correct for particles obeying Fermi–Dirac statistics? 

  (A)   Any number of particles can occupy the same quantum state,  

  (B)   The occupation probability becomes infinite at low energy 

  (C)   Each quantum state can be occupied by at most one particle (D)   The chemical potential is always zero 

10. An isothermal process is carried out at constant:  

  (A)   Volume                      (B)   Temperature                  (C)   Pressure        (D)   Energy  

11. What is the total work done in moving a body along a closed path in gravitational field? 

  (A)   Zero                          (B)   Maximum   (C)   Minimum               (D)  None of these 

12. Shock absorbers in cars are example of oscillations: 

  (A)   Damped        (B)   Forced     (C)   Undamped         (D)  Simple   

13. Bernoulli’s Principle is based on the conservation of: 

  (A)   Mass                           (B)  Momentum              (C)   Energy                   (D)   Force  

14. When the pressure of the system remains constant, it is called ________ process. 

  (A)   Isochoric                   (B)   Isobaric            (C)   Isothermal              (D)   Adiabatic  

15. What happens to the volume of most gases when their temperature is increased at constant pressure? 

  (A)   Decreases                  (B)   Increases       (C)  Remains the same              (D)  No change  

16. Entropy is defined by dS = __________. 

  (A)  dQ/T                    (B)  TdQ                   (C)  dU/dW                       (D)   dQ/U               

17. In the absence of net external force, ______ remains constant. 

  (A)     Mass                  (B)   Momentum           (C)   Work                         (D)  None of these 

18. A motor lifts a weight of 3000 N through a height of 20 m in 30 seconds. Calculate the power 

 developed by the motor. 

  (A)   200W                   (B)   18000W                (C)  2000W                        (D)   1500W 

19. Divergence and Curl of a vector field are: 

  (A)  Scalar and Scalar     (B)   Scalar and vector      (C)  Vector and Scalar     (D)  Vector and Vector 

20. The gradient of a vector is: 

  (A)   Curl                       (B)   Scalar           (C)   Divergence                   (D)  None of these 
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Q.2. (a) What is the difference between Divergence, Gradient, and Curl.  Give one 

example of each.                                                                                                                            

(10) 

 
(10)      (20) 

 

 (b) A particle moves in the xy plane, starting from the origin at t= 0 with an 

initial velocity having an x component of 20 m/s and a y component of -15 

m/s. The particle experiences an acceleration in the x direction, given by 

ax= 4 m/s2. Determine the total velocity vector at any time.    
   

Q.3. (a) What is law of conservation of angular momentum? Give at least one 

example.                                                                                                                             

(8) 

 
(10) 

 
 

 

 

(2)       (20) 

 

(b) A 6 kg block initially at rest is pulled to the right along a horizontal 

surface by a constant horizontal force of 12N.  Find the speed of the block 

after it has moved 3m if the surfaces in contact have a coefficient of 

kinetic friction of 0.15.  

(c) Can a normal force do work? If not, why not? If so, give an example. 
 

Q.4. (a) What is Kepler’s third law? Prove that the square of the period is 

proportional to the cube of the semimajor axis. 

(12) 
 

(8)       (20) 

 
(b) Consider a satellite of mass m moving in a circular orbit around the Earth 

at a constant speed v and at an altitude h above the Earth’s surface. 

Determine the speed of satellite in terms of G (Universal Gravitational 

Constant), h, R (the radius of the Earth), and M (the mass of the Earth).  
   

Q.5. (a) What is Bernoulli’s Theorem? Show that       

 𝑃 + 12 𝜌v2 + 𝜌𝑔ℎ = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡   

Where P is pressure of the fluid,   ρ is density of the fluid, v is velocity of the 

fluid, g is acceleration due to gravity, and h is height above a reference level. 

(10) 
 

 

 
(10)      (20) 

 
(b) In a car lift used in a service station, compressed air exerts a force on a small 

piston that has a circular cross section of radius 5 cm. This pressure is transmitted 

by a liquid to a piston that has a radius of 15 cm. What force must the 

compressed air exert to lift a car weighing 1000 N? 
 

Q.6. (a) What is Young’s double-slit experiment? Derive the mathematical formula 

for constructive and destructive interference of light. 

(12) 
 

(8)       (20) 

 
(b) A 200g block connected to a light spring for which the force constant is 5 

N/m is free to oscillate on a frictionless, horizontal surface. The block is 

displaced 5cm from equilibrium and released from rest. Find the period of 

its motion. 
 

Q.7. (a) What is diffraction of light? Explain diffraction of X-rays by crystals.           (10) 
(10)      (20) (b) Monochromatic light from a helium–neon laser (𝜆 = 632 nm) is incident 

normally on a diffraction grating containing 4000 grooves per centimeter. 

Find the angles at which the second-order maximum is observed. 

Q.8. (a) What is first-law of thermodynamics? Show that work done on the gas 

during isothermal expansion of an ideal gas is 𝑊 = 𝑛𝑅𝑇 ln (𝑉𝑖𝑉𝑓), where R 

is universal gas constant, T is temperature, n is number of moles. Vi and Vf 

is the initial and final volume, respectively. 

(12) 
 

 

 

 

(8)        (20) (b) A 1 mole sample of an ideal gas is kept at 0°C during an expansion from 3 

L to 10 L. How much work is done on the gas during the expansion? 
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TIME ALLOWED: THREE HOURS 

PART-I (MCQs)    : MAXIMUM 30 MINUTES 

(PART-I MCQs)   MAXIMUM MARKS: 20 

(PART-II)    MAXIMUM MARKS: 80 

NOTE: (i)   First attempt PART-I (MCQs) on separate OMR Answer Sheet which shall be taken back 

after 30 minutes.  

 (ii)  Overwriting/cutting of the options/answers will not be given credit. 

 (iii) There is no negative marking. All MCQs must be attempted. 
 

PART-I (MCQs)(COMPULSORY) 
 

       Q.1. (i) Select the best option/answer and fill in the appropriate Box      on the OMR Answer Sheet.(20x1=20) 

        (ii) Answers given anywhere else, other than OMR Answer Sheet, will not be considered. 

1. The angle between two vectors 𝐀⃗⃗ = 𝐱̂ + 𝐳̂ and 𝐁⃗⃗ = 𝐲̂ + 𝐳̂ is: 

  (A)   0°    (B)   20°   (C)   30°    (D)   60° 
2. The curl of a gradient of a scalar field T, 𝛁 × (𝛁𝐓), is zero. This statement is: 

  (A)   Always true        (B)   Depends on the value of T 

  (C)   In contradiction to the fundamental theorem of Gradient  

  (D)   In contradiction to the fundamental theorem of Curl 

3. The electric field of a sphere falls off like 𝟏 𝐫𝟐⁄ ; the electric field of an infinite line falls off like 𝟏 𝐫⁄ ; and 

 the electric field of an infinite plane falls off as: 

  (A)   1 r3⁄     (B)   1 r2⁄    (C)   1 r⁄     (D)   None of these 

4. The dimension of (𝐩⃗⃗ ∙ 𝛁⃗⃗ )𝐄⃗  represents which of the following physical quantity? 

  (A)   Dipole moment  (B)   Force   (C)   Magnetic field  (D)   None of these 

5. When the continuity equation is such that 𝛁⃗⃗ ∙ 𝐉 = 𝟎; which of the following statements is true? 

  (A)   Steady current flows (B)   Charge is not piling up (C)   
∂ρ∂t = 0 as well (D)   All of these 

6. The correction term used by Maxwell to the Ampere’s law 𝐉𝐝 = 𝛜𝟎 𝛛𝐄𝛛𝐭  called the displacement current is a 

 misleading term and has nothing to do with the: 

  (A)   Current   (B)   Charge   (C)   Electric field   (D)   Magnetic field 

7. What is meant by specific surface? 

  (A)   Surface area per unit volume   (B)   Surface area per unit weight 

  (C)   Surface weight per unit area   (D)   None of these 

8. Quartz crystal, normally used in quartz clocks etc. is chemically: 

  (A)   Silicon dioxide      (B)   Germanium dioxide 

  (C)   A mixture of germanium oxide and silicon dioxide (D)   Sodium silicate 

9. Bohr's Atomic Model is based upon: 

  (A)   Einstein’s relativistic theory (B)   Classical theory (C)   Planks quantum theory    (D)   Both (B) & (C) 

10. With increasing quantum number n, the energy difference between adjacent levels in atoms is: 

  (A)   Decreases   (B)   Increases  (C)   Remain constant   (D)   Zero 

11. The relationship between energy of a photon of light and its frequency is given by: 

  (A)   De-Broglie dual nature of matter  (B)   Bohr’s model 

  (C)   Planck’s Quantum theory    (D)   Rutherford’s atomic model 

12. Rutherford’s Model of atom failed because: 

  (A)   The atom did not have a nucleus and electrons 

  (B)   It did not account for the attraction between protons and neutrons 

  (C)   It did not account for the stability of the atom     (D)   There is no space between the nucleus and the electron 

13. The spectral lines of Lyman series are emitted when electron jumps from higher orbit to:  

  (A)   1st orbit   (B)   2nd orbit   (C)   3rd orbit   (D)   4th orbit 

14. The factor that indicates attenuation taking place per centimeter is known as the:  

  (A)   Mass attenuation coefficient   (B)   Linear attenuation coefficient  (C)   Decay rate      (D)   Atomic number 

15. If 𝛗𝐦 and 𝛗𝐧 are two wavefunctions, such that ∫ 𝛗𝐦∗ 𝛗𝐧∞−∞ = 𝟏, then 𝛗𝐦 and 𝛗𝐧 must be: 

  (A)   Orthogonal   (B)   Perpendicular  (C)   Normalized   (D)   Orthonormal 

16. In the case of infinite square-well potential, if width of the well is halved, the energy of the ground state 

 will: (A)   Be halved  (B)   Remain the same  (C)   Become doubled (D)   Become four times  

17. Beta minus (β⁻) decay involves: 
  (A)   Proton → neutron + positron + neutrino  (B)   Neutron → proton + electron + antineutrino 

  (C)   Proton → neutron + electron + neutrino  (D)   Neutron → proton + positron + neutrino 

18. The strong nuclear force acts between: 

  (A)   Protons only  (B)   Neutrons only (C)   Protons and neutrons (D)   Electrons and protons 
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19. The binding energy of a nucleus is: 

  (A)   Energy required to remove a nucleon         (B)   Energy released when the nucleus is formed from nucleons 

  (C)   Both (A) & (B)                 (D)   Energy of the electrons 

20. Which of the following is not a naturally occurring radioactive element? 

  (A)   Uranium  (B)   Plutonium   (C)   Thorium   (D)   Radium 
 

PART-II 
 

 

NOTE: (i)    Part-II is to be attempted on the separate Answer Book. 

 (ii)   Attempt ONLY FOUR questions from PART-II. ALL questions carry EQUAL marks. 

 (iii)  All the parts (if any) of each Question must be attempted at one place instead of at different 

  places. 

 (iv)   Write Q. No. in the Answer Book in accordance with Q. No. in the Q.Paper. 

 (v)   No Page/Space be left blank between the answers. All the blank pages of Answer Book 

 must be crossed. 

  (vi)    Extra attempt of any question or any part of the question will not be considered. 

  (vii)  Use of calculator is allowed. 
 

 

 

Q. 2.

  

(a) State and explain Gauss’ law in dielectrics. Also give its significance. 

(b) Derive a mathematical expression for an electric field at a point lying outside of a 

 uniformly charged spherical shell. 

(c) A spherical shell has a total charge 𝑞 = 4𝜇𝐶 and radius 0. 3 𝑚. Calculate the electric 

 field at a distance of . 5 𝑚 from the center of the shell. 
 

(5) 

(5) 
  

(10)     (20) 

Q. 3. (a) What is meant by induced emf? Why is it called induced? 

(b) Derive an expression for induced emf in a coil with N turns due to changing magnetic 

 flux. 

(c) Magnetic flux through a 20 turn coil changes from 0.5 to 0.1 Wb in 0.2 s. How much 

 emf would be induced in the coil? 
 

(10) 

(5) 
  

(5)        (20) 

Q. 4. (a) Discuss the time-independent Schrodinger wave equation. Why is it called time 

 independent? 

(b) Solve the time-independent Schrodinger wave equation for a particle in a one-

 dimensional potential well of width of L. 

(c) Find the ground-state energy of electron in a 1-D potential well with L = 1 nm. Mass 

 of electron = m = 9.11 × 10-31 kg. 
 

(5) 
 

(5) 
  

(10)     (20) 

Q. 5. (a) What is meant by Bravais lattice?  

(b) Calculate the volume of the base-centered cubic structure of side length 0.4 𝑛𝑚. The 

 volume needs to be in Å3. 

(c) Clearly elaborate the difference between base-centered and face-centered cubic 

 lattices. Also discuss types of base-centered cubic cell. 
 

(5) 

(5) 
  

(10)     (20) 

Q. 6. (a) Define Fermi sphere. Is this an energy state? Explain.  

(b) Deduce the Fermi-Dirac distribution function 𝑓(𝐸, 𝑇) = 1𝑒(𝐸−𝐸𝐹) 𝐾𝐵𝑇⁄ + 1 

 for Fermi energy level (𝐸 = 𝐸𝐹) 

(c) Calculate the Fermi energy for Cu in 𝑒𝑉 with number density (𝑛) of 8.49 ×1028 𝑎𝑡𝑜𝑚𝑠 𝑚3⁄   

[𝐸𝐹 = ℎ22𝑚 (3𝑛8𝜋)2 3⁄ , 𝑚 = 9.11 × 10−31𝐾𝑔, ℎ = 6.62 × 10−34𝐽. 𝑠] 
 

(10) 

(5) 
  

 

 

(5)        (20) 

Q. 7. (a) Explain on scientific grounds the difference between alpha, beta and gamma decay.  

(b) Write the decay equation for the alpha decay of 𝑈9238 . 

(c) The charge number and mass number of two nuclei 𝐴 & 𝐵 are the same. But their 

 binding energies are such that (𝐵. 𝐸)𝐴 > (𝐵. 𝐸)𝐵. Which nucleus will have more mass 

 and why? 
 

(5) 

(5) 

 (10)     (20) 
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Q. 8. (a) Explain nuclear fission with the help of one practical application.  

(b) What are elementary and composite particles? Give two examples from each 

 family of elementary particles. 

(c) What is controlled fusion? Why is it hard to achieve on earth? 
 

(5) 

(5) 
  

(10)     (20) 
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