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Section – A  

MCQ 

 

1. Which one of the following functions has a discontinuity in the second derivative at 𝑥 =  0, where 

𝑥 is real variable? 

(A) 𝑓(𝑥)  =  |𝑥|³ 

(B) 𝑓(𝑥)  =  𝑥|𝑥| 

(C) 𝑓(𝑥)  =  𝑐𝑜𝑠(𝑥) 

(D) 𝑓(𝑥) = |𝑥|2 

 

2. A collimated beam of laser light of wavelength 514 nm is normally incident on a smooth glass slab 

placed in air. Given the refractive indices of glass and air are 1.47 and 1.0, respectively, the 

percentage of light intensity reflected back is 

(A) 0 

(B) 4.0 

(C) 3.6 

(D) 4.2 

 

3. Two stationary point particles with equal opposite charges are at some fixed distance from each 

other. The points having zero electric potential lie on: 

(A) A sphere 

(B) A plane 

(C) a cylinder 

(D) Two parallel planes 

 

4. For a system undergoing a first order phase transition at a temperature 𝑇𝐶, which one of the 

following graphs best describes the variation of entrophy (S) as a function of temperature (T)? 

 
 

5. In a photoelectric effect experiment, a monochromatic light source emitting photon with energy 

greater than the work function of the metal under test is used. If the power of the light source is 

doubled, which one of the following statements is correct? 

(A) The number of emitted photoelectrons remains the same 

(B) The stopping potential remains the same 

(C) The number of emitted photoelectrons decreases 

(D) The stopping potential doubles 

 

6. The figure below shows a cubic unit cell the lattice constant a. The shaded crystallographic plane 

intersects the x-axis at 0.5 a. The miller indices of the shaded plane are 
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(A) (210) 

(B) (210) 

(C) (110) 

(D) (102) 

 

7. For a particle moving in a central potential, which one of the following statements is correct? 

(A) The motion is restricted to plane due to the conservation of angular momentum 

(B) The motion is restricted to plane due to the conservation of energy only 

(C) The motion is restricted to plane due to the conservation of linear momentum 

(D) The momentum is not restricted to a plane 

 

8. Consider the motion of a quantum particle of mass m and energy E under the influence of a step 

potential of height Vo. If R denotes the reflection coefficient, which one of the following statements 

are true? 

(A) IF 𝐸 =
4

3
 𝑉0, 𝑅 = 1 

(B) 𝐸 =
4

3
, 𝑉0, 𝑅 = 0 

(C) 𝐸 =
1

2
𝑉0, 𝑅 = 1 

(D) 𝐸 =
1

2
, 𝑉0, 𝑅 = 0.5 

 

9. The Boolean function 𝑃𝒬(𝑃 + 𝒬)(𝒬 + 𝒬) is equivalent to: 

(A) 𝑃 

(B) 𝑃 

(C) 𝑃 𝒬  

(D) 𝑃 𝒬  

 

10. Three point charges each carrying a charge q are placed on the vertices of an equilateral triangle 

of side L. The electrostatic potential energy of the configuration is: 

(A) 
1

4𝜋𝜀0

𝑞2

𝐿
 

(B) 
2

4𝜋𝜀0

𝑞2

𝐿
  

(C) 
3

4𝜋𝜀0

𝑞2

𝐿
  

(D) 
1

𝜋𝜀0

𝑞2

𝐿
 

 

Q.11-Q.30 carry two marks each. 
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11. Which of the following statements is correct? 

Given (
𝑛
𝑚

) =
𝑛!

𝑚!(𝑛−𝑚)!
 is the binomial coefficient 

(A) cos 𝑛𝜃 = cos𝑛 𝜃 − (
𝑛
2
) cos𝑛−2 𝜃 sin2 𝜃 + (

𝑛
4
) cos𝑛−4 sin4 𝜃 − ⋯  

(B) sin𝑛𝜃 = cos𝑛−1 𝜃 sin𝜃 + (
𝑛
4
) cos𝑛−3 𝜃 sin3 𝜃 − ⋯ 

(C) cos 𝑛𝜃 = cos𝑛 𝜃 + (
𝑛
2
) cos𝑛−2 𝜃 sin2 𝜃 + (

𝑛
4
) cos𝑛−4 sin4 𝜃 − ⋯  

(D) sin𝑛𝜃 = cos𝑛 𝜃 − (
𝑛
2
) cos𝑛−2 𝜃 sin2 𝜃 + (

𝑛
4
) cos𝑛−4 𝜃 sin4 𝜃 − ⋯  

 

12. The volume integral ∫ 𝑒
−(

𝑟

𝑅
)
2

 

𝑉 ∇
→∙ (

𝑟̂

𝑟2) 𝑑3𝑟 where 𝑉 is the volume of a sphere of radius R 

centered at the origin, is equal to 

(A) 4𝜋 

(B) 0 

(C) 𝑅3 

(D) 1 

 

13. lim
𝑥→0+

𝑥𝑥 is equal to 

(A) 0 

(B) ∞ 

(C) 𝑒 

(D) 1 

 

14. A wheel is rotating at frequency 𝑓0𝐻𝑧 about a fixed vertical axis. The wheel stops in 𝑡0 seconds, 

with constant angular deceleration. The number of turns covered by the wheel before it comes to 

(A) 𝑓0𝑡0 

(B) 2𝑓0𝑡0  

(C) 
𝑓0𝑡0

2
  

(D) 
𝑓0𝑡0

√2
 

 

15. Two objects of masses m and 2m are moving at speeds of 𝑣 and 𝑣/2, respectively. After 

undergoing a complete inelastic collision, they move together with a speed of 𝑣/3. The angel 

between the initial velocity of the two objects is 

(A) 60° 

(B) 120° 

(C) 45° 

(D) 90° 

 

16. Two planets 𝑃1 and 𝑃1 having masses 𝑀1 and 𝑀2 revolve around the Sun in elliptical orbits, with 

time periods 𝑇1 and 𝑇2 respectively. The minimum and maximum distances of planet 𝑃1 from the 

Sun are R and 3R respectively, whereas for planet 𝑃2 these are 2R and 4R, respectively, where R is a 

constant. Assuming M1 and M2 are much smaller than the mass of the Sun, the magnitude of 
𝑇2

𝑇1
 is 

(A) 
2

3
 √

2𝑀1

3𝑀2
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(B) 
3

2
 √

2𝑀2

3𝑀1
 

(C) 
3

2
 √

3

2
 

(D) 
2

3
 √

2

3
  

 

17. The intensity of the primary maximum in a two- slit interference pattern is given by 𝐼2 and the 

intensity of the primary maximum in a three-slit interference pattern is given by 𝐼3. Assuming the 

far-field approximation, same slit parameters and intensity of the incident light in both the cases, 𝐼2 

and 𝐼3 are related as 

(A) 𝐼2 =
3

2
𝐼3 

(B) 𝐼2 =
9

4
𝐼3 

(C) 𝐼2 =
2

3
𝐼3 

(D) 𝐼2 =
4

9
𝐼3 

 

18. A short rod of length L and negligible diameter lies along the optical axis of concave mirror at a 

distance of 3m. The focal length of the mirror is 1m and L << 1m. If L' is the length of image of the 

object in the mirror, then 

(A) 
𝐿′

𝐿
= 4  

(B) 
𝐿′

𝐿
= 2 

(C) 
𝐿′

𝐿
=

1

16
 

(D) 
𝐿′

𝐿
=

1

4
 

 

19. A beam of unpolarized light of intensity 𝐼0 falls on a system of four identical linear polarizers 

placed in a line as shown in figure. The transmission axes of any two successive polarizers make an 

angle of 30° with each other. If the transmitted light has intensity 𝐼, the ratio 
𝐼

𝐼0
 is 

  

(A) 
81

256
  

(B) 
9

16
 

(C) 
27

64
 

(D) 
27

128
  

 

20. Consider an annular region in free space containing a uniform magnetic field in the z- direction, 

schematically represented by the shaded region in the figure. A particle having charge 𝒬 and mass M 

starts off from point P(a,0,0) in the +x-direction with constant speed v. If the radii of inner and outer 
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circles are a and b, respectively, the minimum magnetic field required so that the particle returns to 

the inner circle is  

 

(A) 
𝑀𝑣

𝒬
 (

𝑏2−𝑎2

𝑏
)
−1

  

(B) 
𝑀𝑣

𝒬
 (

𝑏2−𝑎2

2𝑏
)
−1

 

(C) 
𝑀𝑣

𝒬
 (

𝑏2−𝑎2

3𝑏
)
−1

  

(D) 
𝑀𝑣

𝒬
 (

𝑏2−𝑎2

4𝑏
)
−1

  

 

21.A thin conducting square loop of side L is placed in the first quadrant of the xy-plane with one of 

the vertices at the origin. If a changing magnetic field 𝐵⃗ (𝑡) = 𝛽0(5𝑧𝑦𝑡𝑥 + 𝑧𝑥𝑡𝑦̂ + 3𝑦2𝑡𝑧̂) is applied, 

where 𝛽0 is a constant, then the magnitude of the induced electromotive force in the loop is 

(A) 4𝛽0𝐿
4 

(B) 3𝛽0𝐿
4 

(C) 2𝛽0𝐿
4  

(D) 𝛽0𝐿
4 

 

22. In which of one of the following limits the Fermi-Dirac distribution 𝑛𝐹(𝜀, 𝑇) = (𝑒
∈−𝜇

𝑘𝐵𝑇 + 1)
−1

and 

Bose-Einstein Distribution 𝑛𝐹 = (𝜀, 𝑇) = (𝑒
∈−𝜇

𝑘𝐵𝑇 + 1)
−1

 reduce to Maxwell-Boltzmann distribution? 

(Here 𝜀 is the energy of the state, 𝜇 is the chemical potential, kg is the Boltzmann constant and 𝑇 is 

the temperature 

(A) 𝜇 = 0 

(B) (𝜀 − 𝜇) ≪ 𝑘𝐵𝑇 

(C) (𝜀 − 𝜇) ≫ 𝑘𝐵𝑇 

(D) 𝜇 ≫ 𝑘𝐵𝑇 

 

23. Consider N classical particles at temperature T, each of which can have two possible energies O 

and 𝜀. The number of particles in the lower energy level (𝑁0) and higher energy level (𝑁𝜀) levels are 

related by (𝑘𝐵 is the Boltzmann constant) 

(A) 
𝑁0

𝑁𝜀
= 𝑒

−𝜀

𝑘𝐵𝑇 

(B) 
𝑁0

𝑁𝜀
= 𝑒

𝜀

𝑘𝐵𝑇 

(C) 
𝑁0

𝑁𝜀
= 1 + 𝑒

−𝜀

𝑘𝐵𝑡 

(D) 
𝑁0

𝑁𝜀
= 1 − 𝑒

−𝜀

𝑘𝐵𝑇 
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24. The root mean square (𝑟𝑚𝑠) speeds of Hydrogen atoms at 500 𝐾, 𝑉𝐻 and Helium atoms at 2000 

𝐾, 𝑉𝐻𝑒 are related as 

(A) 𝑉𝐻 > 𝑉𝐻𝑒 

(B) 𝑉𝐻 < 𝑉𝐻𝑒 

(C) 𝑉𝐻 = 𝑉𝐻𝑒 

(D) 𝑉𝐻 ≫ 𝑉𝐻𝑒 

 

25. The normalized ground-state wave function of a one-dimensional quantum harmonic oscillator 

with force constant K and mass m is 𝜓0(𝑥) = (
𝛼

𝜋
)
1/4

 𝑒−𝑎𝑥2/2, where 𝛼 = 𝑚𝜔0/ℏ and 𝜔0
2 = K/m. 

Which one of the following is the probability of finding the particle outside the classically allowed 

region? (The classically allowed region is where the total energy is greater than the potential energy) 

(A) 
2

√𝜋
 ∫ 𝑦2∞

1
𝑒−𝑦2

𝑑𝑦 

(B) 
2

√𝜋
∫ 𝑒−𝑦2

𝑑𝑦
∞

1
 

(C) 0.5 

(D) 0 

 

26. A linear operator 𝑂̂ acts on two orthonormal 

states of a system 𝜓1 and 𝜓2 as per following: 𝑂̂𝜓1 = 𝜓2, 𝑂̂𝜓2 =
1

√2
(𝜓1 + 𝜓2). The system is in a 

superposed state defined by Ψ =
1

√2
 𝜓1 +

𝑖

√2
𝜓2. The expectation value of 𝑂̂ in the state Ψ is  

(A) 
1

2√2
 (1 + 𝑖(√2 + 1)) 

(B) 
1

2√2
(1 − 𝑖(√2 + 1)) 

(C) 
1

2√2
(1 + 𝑖 (√2 − 1)) 

(D) 
1

2√2
 (1 − 𝑖 (√2 − 1)) 

 

27. Consider a one-dimensional infinite potential well of width a. The system contains five non 

interacting electrons, each of mass m, at temperature 𝑇 = 0𝐾. The energy of the highest occupied 

state is 

(A) 
25𝜋2ℏ2

2𝑚𝑎2  

(B) 
10𝜋2ℏ2

2𝑚𝑎2  

(C) 
5𝜋2ℏ2

2𝑚𝑎2  

(D) 
9𝜋2ℏ2

2𝑚𝑎2  

 

28. Consider the crystal structure shown in the figure, where black and grey spheres represent 

atoms of two different elements and a denotes the lattice constant. The Bravais lattice for this 

structure is 
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(A) Simple cubic 

(B) Face-centered cubic 

(C) Body-centered cubic 

(D) Triclinic 

 

29. For unbiased Silicon 𝑛 − 𝑝 − 𝑛 transistor in thermal equilibrium, which one of the following 

electronic energy band diagrams is correct? (𝐸𝑐 = conduction band minimum, 𝐸𝑣 = maximum, 

valence band, 𝐸𝐹 = Fermi level). 

 
 

30. In the circuit shown in the figure, both OPAMPs are ideal. The output for the circuit Vout is 

  
(A) 20𝑉1 + 10𝑉2 

(B) −20𝑉1 + 10𝑉2 

(C) 10𝑉1 − 20𝑉2 

(D) 20𝑉1 − 10𝑉2 
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SECTION-B 

MULTIPLE SELECT QUESTIONS (MSQ) 

 

31. If P and Q are Hermitian matrices which of the following is/are true? (A matrix P is Hermitian if 

𝑃 = 𝑃†, where the elements 𝑃𝑖𝑗
† + 𝑃𝑖𝑗

∗  

(A) 𝑃𝒬 + 𝒬𝑃 is always Hermitian 

(B) 𝑖(𝑃𝒬 + 𝒬𝑃) is always Hermitian 

(C) 𝑃𝒬 is always Hermitian 

(D) 𝑃𝒬 − 𝒬𝑃 is always Hermitian 

 

32.Consider a vector function 𝑢⃗ (𝑟 ) and two scalar functions Ψ(𝑟 ) and 𝜙(𝑟 ). The unit vector 𝑛̂ is 

normal to the elementary surface 𝑑𝑆, 𝑑𝑉 is an infinitesimal volume, 𝑑𝑙⃗⃗  ⃗ is an infinitesimal line a 

element and 
𝜕

𝜕𝑛
 denotes the partial derivative along 𝑛̂. Which of the following identities is/are 

correct? 

(A) ∫ ∇⃗⃗ 
 

𝑉
𝑢⃗ 𝑑𝑉 = ∮ 𝑢⃗ 

 

𝑆
. 𝑛̂𝑑𝑆, where surface 𝑆 bounded the volume 𝑉 

(B) ∫ [Ψ∇2𝜙 − 𝜙𝑉2Ψ]
 

𝑉
𝑑𝑉 = ∮ [Ψ

𝜕𝜙

𝜕𝑛
−

𝜕Ψ

𝜕𝑛
]

 

𝑆
𝑑𝑆, where surface S bounded the volume V 

(C) ∫ [Ψ∇2𝜙 − 𝜙𝑉2Ψ]
 

𝑉
𝑑𝑉 = ∮ [Ψ

𝜕𝜙

𝜕𝑛
−

𝜕Ψ

𝜕𝑛
]

 

𝑆
𝑑𝑆, where surface S bounded the volume V 

(D) ∮ 𝑢⃗ 
 

𝑐
∙ 𝑑𝑙⃗⃗  ⃗ = ∫∫ (∇⃗⃗ × 𝑢⃗ )

 

𝑆
. 𝑛̂𝑑𝑆. where C is the boundary of surface S 

 

33. A thin rod of uniform density and length 2√3𝑚 is undergoing small oscillations about a pivot 

point. The time period of oscillation (𝑇𝑚) is minimum when the distance of the pivot point from the 

center-of-mass of the rod is 𝑥𝑚. Which of the following is/are correct? 

(A) 𝑥𝑚 = 1𝑚 

(B) 𝑥𝑚 =
√3

2
𝑚 

(C) 𝑇𝑚 =
2

√3
𝑆  

(D) 𝑇𝑚 =
2𝜋

√5
𝑆  

 

34. Three sinusoidal waves off the same frequency travel with the same speed along the positive x- 

direction. The amplitudes of the waves are 𝑎,
𝑎

2
 and 

𝑎

3
 and the phase constants of the waves are 

𝜋

2
, 𝜋 

and 
3𝜋

2
, respectively. If 𝐴𝑚 and 𝜑𝑚 are the amplitude and phase constant of the wave resulting from 

the superposition of the three waves, which of the following is/are correct? 

(A) 𝐴𝑚 =
5

6
𝑎 

(B) 𝜑𝑚 =
𝜋

2
+ tan−1 (

3

4
) 

(C) 𝐴𝑚 =
7

6
𝑎 

(D) 𝜑𝑚 = tan−1 (
2

3
) 

 

35. An object executes simple harmonic motion along the x-direction with angular frequency 𝜔 and 

amplitude a. The speed of the object is 4 cm /s and 2 cm /s when it is at distances 2 cm and 6 cm 

respectively from the equilibrium position. 
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Which of the following is(are) correct? 

(A) 𝜔 = √
3

8
 rad/s 

(B) 𝜔 = √5/6 rad/s 

(C) 𝜔 = √
140

3
𝑐𝑚 

(D) 𝜔 = √
175

3
𝑐𝑚 

 

36. For electric and magnetic 𝐸⃗  and 𝐵⃗ , due to a charge density 𝑝(𝑟 , 𝑡) and a current density 𝑗 (𝑟 , 𝑡), 

which of the following relations is/are always correct? field Protozoa are 

(A) ∇⃗⃗ × E⃗⃗ = 0 

(B) ∇⃗⃗ ∙ B⃗⃗ = 0 

(c) ∇⃗⃗ . 𝑗̂ −
𝜕𝑝

𝜕𝑡
= 0 

(D) F⃗ = 𝑞(E⃗⃗ + v⃗ × B⃗⃗ ), where F⃗  is the force on a particle with charge 𝑞 moving with velocity v⃗  

 

37. A spherical dielectric shell with inner radius 𝑎 and outer radius 𝑏, has polarization P⃗⃗ =
𝑘

𝑟2 𝑟̂, 

where 𝑘 is a constant and 𝑟̂ is the unit vector along the radial direction. Which of the following 

statements is/are correct? 

(A) The surface density of bound charges on the inner and outer surfaces are −𝑘 and +𝑘, 

respectively. The volume density of bound charges inside the dielectric is zero 

(B) The surface density of bound charges is zero on both the inner and outer surfaces. The volume 

density of bound charges inside the dielectric is +𝑘 

(C) The surface density of bound charges on the inner and outer surfaces are 
−𝑘

𝑎2  and 
𝑘

𝑏2, respectively. 

The volume density of bound charges inside the dielectric is zero 

(D) The surface density of bound charges is zero on both the inner and outer surfaces. The volume 

density of bound charges inside the dielectric is 
3

4𝜋(𝑏3−𝑎3)
 

 

38. One mole of an ideal gas having specific heat ratio (γ) of 1.6 is mixed with one mole of another 

ideal gas having specific heat ratio of 1.4. If 𝐶𝛾 and 𝐶𝑃 are the molar specific heat capacities of the 

gas mixture at constant volume and pressure, respectively, which of the following is/are correct? (R 

denotes thee universal gas constant). 

(A) 𝐶𝑉 = 2.08𝑅 

(B) 𝐶𝑝 = 2.9𝑅 

(C) 𝐶𝑝 = 1.48 𝐶𝑉 

(D) 𝐶𝑝 = 1.52 𝐶𝑉 

 

39. Two relativistic particles with opposite velocities collide head-on and come to rest by sticking 

with each other. Which of the following quantities is/are conserved in the collision? 

(A) Total momentum 

(B) Total energy 

(C) Total kinetic energy 

(D) Total rest mass 
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40. Figure shows a circuit diagram comprising Boolean logic gates and the corresponding timing 

diagrams show the digital signals at various points in the circuit. Which of the following is/are true? 

 
(A) Points 3 and 7 are shorted 

(B) The NOT gate on the right is faulty 

(C) The AND gate is faulty and acts like a NOR gate 

(D) The AND gate is faulty and acts like an OR gate 

 

SECTION-C 

NUMERICAL ANSWER TYPE (NAT)  

 

41. The line integral of the vector function 𝑢⃗ (𝑥, 𝑦) = 2𝑢𝑖̂ + 𝑥𝑗̂ along the straight line from (0,0) to 

(2,4) is _______ 

 

42. Consider a thin bi-convex lens of relative refractive index n = 1.5. The radius of curvature of one 

surface of the lens is twice that of the other. The magnitude of larger radius of curvature in units of 

the focal length of the lens is ___________ (Round off to 1 decimal place) 

 

43. Water flows in a horizontal pipe in a streamlined manner at an absolute pressure of 4 × 105 Pa 

and speed of 6m/s. If it exits the pipe at a pressure of 105 Pa, the speed of water at the exit point is 

m/s (Round off to 1 decimal place) (The density of water is 1000kg/𝑚3 

 

44. Consider a retarder with refractive indices 𝑛2 = 1.551 and 𝑛𝑒 = 1.542 along the extraordinary 

and ordinary axes, respectively. The thickness of this retarder for which a left circularly polarized 

light of wavelength 600 nm will be coverted into a right circularly polarized light is ______ 𝜇𝑚.  

(Round off to 2 decimal place) 

 

45. Using a battery a 10pF capacitor is charged to 50V and then the battery is removed. After that, a 

second uncharged capacitor is connected to the first capacitor in parallel. If the final voltage across 

the second capacitor is 20V, its capacitance  is ________ 𝑝𝐹. 

 

46. Consider two spherical perfect blackbodies with radii 𝑅1 and 𝑅2 at temperatures 1 𝑇1 =1000 K 

and 𝑇2 =1000 K, respectively. They both emit radiation of power 1kW. The ratio of their radii 

𝑅1/𝑅2 is given by _________  
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47. In a Compton scattering experiment, the wavelength of incident X-rays is 0.500 Å. If the Compton 

wavelength A, is 0 0.024 Å, the value of the longest wavelength possible for the scattered X-ray is 

_______ Å (specify up to 3 decimal places) 

 

48. A solid with FCC crystal structure is probed using X-rays of wavelength 0.2 nm. For the 

crystallographic plane given by (2,0,0), a first order diffraction peak is observed for a Bragg angle of 

21°. The unit cell size is _______ nm (Round off to 2 decimal places) 

 

49. The figure shows a circuit containing two diodes 𝐷1 and 𝐷2 with threshold voltages VTH of 0.7V 

and 0.3V, respectively. Considering the simplified diode model, which assumes diode I-V 

characteristic as shown in the plot on the right, the current through the resistor R is _______ 𝜇𝐴. 

 
 

50. An ideal gas undergoes an isothermal expansion along a path AB, adiabatic expansion along BC, 

isobaric compression along CD, isothermal compression along DE, and adiabatic compression along 

EA, as shown in the figure. The work done by the gas along the process BC is 10 J. The change in the 

internal energy along process EA is 16 J. The absolute value of the change in the internal energy 

along the process CD is ______ 𝐽.  

 
 

51. If a function 𝑦(𝑥) is described by the initial-value problem 
𝑑2𝑦

𝑑𝑥2 + 5
𝑑𝑦

𝑑𝑥
6𝑦 = 0, with initial 

conditions 𝑦(0) = 2 and (
𝑑𝑦

𝑑𝑥
)
𝑥=0

= 0, then the value of 𝑦 at 𝑥 = 1 is _______  (Round off to 2 

decimal places) 

 

52. A vehicle of mass 600 kg with an engine operating at constant power P accelerates from rest on a 

straight horizontal road. The vehicle covers a distance of 600 m in 1 minute. Neglecting all losses, the 

magnitude of P is _______ 𝑘𝑊. (Round off to 2 decimal places) 

 

53. The angular momentum of a particle relatie to origin varies with time (𝑡) as 𝐿⃗ =

(4𝑥 𝑎𝑡2𝑦̂)𝑘𝑔𝑚2/𝑠, where 𝑎 = 1𝑘𝑔𝑚2/𝑠3. The angle between 𝐿⃗  and the torque acting on the 

particle becomes 45° after a time of _______ 𝑠.  
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54. Two transverse waves 𝑦1 = 5cos(𝑘𝑥 − 𝜔𝑡) cm, and 𝑦2 = 5cos(𝑘𝑥 + 𝜔𝑡) cm, travel on a string 

along 𝑥-axis. If the speed of a point at x = 0 is zero at 𝑡 = 0 𝑠, 0.25s and 0.5s, then the minimum 

frequency of the waves is _______ Hz. 

 

55. For the ac circuit shown in the figure, 𝑅 = 100k and C = 10pF, the phase difference between Vin 

and Vout is 90° at the input signal frequency of ________ kHz. (Round off to 2 decimal places) 

 
 

56. The magnetic fields in tesla in the two regions separated by the 𝑧 = 0 plane are given by 𝐵⃗ 1 =

3𝑥 + 5𝑧̂ and 𝐵⃗ 2 = 𝑥 + 3𝑦̂ + 5𝑧̂. The magnitude of the surface current density at the interface 

between the two regions is 𝑎 × 106 A/m. Given the permeability of the free space 𝜇0 =

4𝜋 × 10−7 𝑁/𝐴2 the value of 𝛼 is ________. (Round off 2 decimal places) 

 

57. A body at a temperature T is brought into contact with a reservoir at temperature 27. Thermal 

equilibrium is established at constant pressure. The heat capacity of the body at constant pressure is 

𝐶𝑝. The total change in entropy of the body and the reservoir in units of 𝐶𝑝 is _______.  

(Round off 2 decimal places) 

 

58. One mole of an ideal monoatomic gas at pressure 𝑃, volume V and temperature T is expanded 

isothermally to volume 4𝑉. Thereafter, the gas is heated isochorically (at constant volume) till its 

pressure becomes 𝑃. If 𝑅 is the universal gas constant, the total heat transfer in the process, in units 

of 𝑅𝑇 is ________. (Round off 2 decimal places) 

 

59. In the transistor circuit given in the figure, the emitter-base junction has a voltage drop of 0.7V.A 

collector-emitter voltage of 14V reverse biases the collector. Assuming the collector current to be 

the same as the emitter current, the value of 𝑅𝐵 is ________ 𝑘Ω.  
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60. The radioactive nuclei 𝐾 
40  decay to 𝐴𝑟 

40  with a half-life of 1.25 × 109 years. The 
𝐾 

40

𝐴𝑟 
40  isotopic 

ratio for a particular rock is found to be 50. The age of the rock is 𝑚 × 107 years. The value of m 

(Round off to 2 decimal is places)  

 

ANSWER KEY 

1 2 3 4 5 6 7 8 9 10 

B C B D B A A C B C 

11 12 13 14 15 16 17 18 19 20 

A A D C B C D D D B 

21 22 23 24 25 26 27 28 29 30 

D C B C B D D B B D 

31 32 33 34 35 36 37 38 39 40 

A,B A,B,D A,D A,B A,C B,D C A,C A,B D 

41 42 43 44 45 46 47 48 49 50 

12 to 
12 

1.4 to 
1.6 

25.1 to 
25.3  

33.32 
to 
33.34 

15 to 
15 

4 to 4 0.548 
to 
0.548 

0.55 to 
0.57 

97 to 
97 

6 to 6 

51 52 53 54 55 56 57 58 59 60 

0.60 to 
0.62 

1.11 to 
1.13 

1.9 to 
2.1 

2 to 2 159.0 
to 
159.3 

2.86 to 
2.88 

0.19 to 
0.20 

5.88 to 
5.94 

860 to 
875 

3.55 to 
3.65 

 

 


