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Instructions
• This paper contains a total of 50 Multiple Choice Questions.

• Each correct answer carries +1 marks.

• No negative marking for incorrect questions.

• Use of mobile phones, smartwatches, or any electronic gadgets is strictly
prohibited.

• No marks will be deducted for questions that are left unattempted.

Q1. A hollow sphere of mass 𝑀 and radius 𝑅 is rotating about its diameter. A point
mass 𝑀 is attached to its surface. The new moment of inertia of the system
about the same axis is:

(A) 2
3𝑀𝑅

2

(B) 5
3𝑀𝑅

2

(C) 7
5𝑀𝑅

2

(D) 2𝑀𝑅2

Q2. The potential energy of a particle performing SHM is 𝑈 = 1
2𝑘𝑥

2. At what
displacement from the mean position is the kinetic energy equal to the potential
energy?

(A) 𝐴/2

(B) 𝐴/
√

2

(C) 𝐴/4

(D)
√

2𝐴

Q3. An electric dipole consists of two opposite charges of 2 × 10−6 C separated by a
distance of 3 cm. It is placed in an electric field of 2 × 105 N/C. The maximum
torque on the dipole is:
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(A) 1.2 × 10−2 N m

(B) 0.6 × 10−2 N m

(C) 2.4 × 10−2 N m

(D) 12 × 10−2 N m

Q4. A carbon resistor has colored bands: Yellow, Violet, Brown, and Gold. Its
resistance value is:

(A) 470Ω ± 5%

(B) 47Ω ± 10%

(C) 4700Ω ± 5%

(D) 570Ω ± 5%

Q5. A cyclotron is used to accelerate protons. If the magnetic field is 1.5 T and
the radius of the dees is 0.5 m, the maximum kinetic energy of the protons is
approximately (𝑚𝑝 = 1.67 × 10−27 kg):
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⊙
®𝐵 (out of page)

𝐷1 𝐷2

Exit Beam

𝑅 = 0.5 m

High Frequency AC

(A) 28 MeV

(B) 45 MeV

(C) 18 MeV

(D) 5 MeV

Q6. A transformer has 500 turns in the primary and 1000 turns in the secondary. If a
120 V AC is applied to the primary, the output voltage is:
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(A) 240 V

(B) 60 V

(C) 120 V

(D) 480 V

Q7. In a single slit diffraction experiment, the width of the central maximum is 2 mm.
If the slit width is doubled and the distance to the screen is halved, the new width
of the central maximum is:

(A) 1 mm

(B) 0.5 mm

(C) 2 mm

(D) 4 mm

Q8. The molar heat capacity of a gas at constant volume is 𝐶𝑣 = 3
2𝑅. The molar heat

capacity at constant pressure is:

(A) 5
2𝑅

(B) 1
2𝑅

(C) 3𝑅

(D) 7
2𝑅

Q9. The work function of a certain metal is 4.2 eV. The stopping potential for
incident radiation of wavelength 2000 Å is:

(A) 2.0 V

(B) 1.0 V

(C) 4.2 V

(D) 6.2 V

Q10. A body of mass 2 kg is moving with a velocity of (3𝑖 + 4 𝑗) m/s. Its kinetic
energy is:

(A) 25 J
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(B) 50 J

(C) 12.5 J

(D) 7 J

Q11. Two soap bubbles of radii 3 cm and 4 cm coalesce under isothermal conditions
in vacuum to form a single bubble. The radius of the new bubble is:

𝑟1

𝑟1 = 3 cm

+ 𝑟2

𝑟2 = 4 cm

Coalesce 𝑅

New Radius 𝑅 =?

Isothermal conditions (𝑇 = constant) in Vacuum

(A) 5 cm

(B) 7 cm

(C) 3.5 cm

(D)
√

7 cm

Q12. The value of 𝑔 at a depth 𝑑 from the Earth’s surface becomes 𝑔/4. The depth 𝑑
in terms of Earth’s radius 𝑅 is:

(A) 3𝑅/4

(B) 𝑅/4

(C) 𝑅/2

(D) 𝑅/3

Q13. A sonometer wire of length 110 cm is divided into three segments whose
fundamental frequencies are in the ratio 1 : 2 : 3. The lengths of the segments
are:

(A) 60 cm, 30 cm, 20 cm

(B) 30 cm, 40 cm, 40 cm

(C) 20 cm, 30 cm, 60 cm
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(D) 50 cm, 30 cm, 30 cm

Q14. A 𝑝 − 𝑛 junction diode is reverse biased. The width of the depletion layer:

(A) Increases

(B) Decreases

(C) Remains same

(D) Becomes zero

Q15. If the error in measuring the radius of a sphere is 2%, the error in the measurement
of its volume is:

(A) 2%

(B) 4%

(C) 6%

(D) 8%

Q16. The escape velocity on the surface of a planet is 𝑣𝑒. If the mass of the planet is
doubled and its radius is halved, the new escape velocity will be:

(A) 𝑣𝑒

(B) 2𝑣𝑒

(C) 4𝑣𝑒

(D)
√

2𝑣𝑒

Q17. A convex lens of focal length 20 cm is placed in contact with a concave lens of
focal length 40 cm. The power of the combination is:

(A) +2.5 D

(B) −2.5 D

(C) +5.0 D

(D) −5.0 D
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Q18. The magnetic field at a distance 𝑟 from a long straight wire carrying current 𝐼 is
0.4 T. The magnetic field at a distance 2𝑟 is:

(A) 0.1 T

(B) 0.2 T

(C) 0.8 T

(D) 1.6 T

Q19. In a Young’s double slit experiment, if the distance between the slits is halved
and the distance between the slits and the screen is doubled, the fringe width
becomes:

𝑆1

𝑆2
𝑑

Screen

𝐷

Central Max𝛽Source

(A) Half

(B) Double

(C) Four times

(D) Unchanged

Q20. The ratio of the speed of an electron in the first Bohr orbit of Hydrogen to the
speed of light is (where 𝛼 is the fine structure constant):

(A) 1/137

(B) 137

(C) 1/274

(D) 1
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Q21. A refrigerator works between 4◦C and 30◦C. The coefficient of performance
(COP) is approximately:

(A) 10.6

(B) 1.15

(C) 8.5

(D) 5.4

Q22. The threshold frequency for a metal is 1015 Hz. When light of frequency
2 × 1015 Hz is incident, the maximum kinetic energy of photoelectrons is
(ℎ = 6.6 × 10−34 J s):

(A) 6.6 × 10−19 J

(B) 3.3 × 10−19 J

(C) 1.32 × 10−18 J

(D) 6.6 × 10−20 J

Q23. Which of the following properties shows that light is a transverse wave?

(A) Reflection

(B) Interference

(C) Diffraction

(D) Polarization

Q24. A capillary tube of radius 𝑟 is immersed in water and water rises in it to a height
ℎ. The mass of water in the capillary tube is 𝑀. If the radius of the tube is
doubled, the mass of water that will rise is:

(A) 𝑀

(B) 2𝑀

(C) 4𝑀

(D) 𝑀/2
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Q25. The average power dissipated in a pure inductor L connected to an AC source
𝑒 = 𝐸0 sin𝜔𝑡 is:

(A) 1
2𝐿𝐼

2
0

(B) 𝐸𝑟𝑚𝑠𝐼𝑟𝑚𝑠

(C) Zero

(D) 𝐸0𝐼0√
2

Q26. Two tuning forks 𝐴 and 𝐵 produce 4 beats/s. The frequency of 𝐴 is 256 Hz.
When 𝐵 is loaded with wax, the beats decrease to 2 beats/s. The frequency of 𝐵
is:

(A) 252 Hz

(B) 260 Hz

(C) 254 Hz

(D) 258 Hz

Q27. A uniform metal wire of length 𝐿 and mass 𝑀 is rotating with angular velocity
𝜔 about an axis passing through its center and perpendicular to its length. Its
kinetic energy is: This TikZ diagram illustrates a uniform rod rotating about its
center.

Axis
𝜔

Length 𝐿

Mass 𝑀
𝑂

(A) 1
12𝑀𝐿

2𝜔2

(B) 1
24𝑀𝐿

2𝜔2

(C) 1
6𝑀𝐿

2𝜔2

(D) 1
2𝑀𝐿

2𝜔2

Q28. An ideal gas is compressed at constant temperature. Its internal energy:
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(A) Increases

(B) Decreases

(C) Remains constant

(D) First increases then decreases

Q29. The SI unit of magnetic dipole moment is:

(A) A m

(B) A m2

(C) T m/A

(D) A/m2

Q30. In a common emitter amplifier, the input resistance is 200Ω and the load
resistance is 2 kΩ. If the current gain 𝛽 = 50, the voltage gain is:

(A) 500

(B) 50

(C) 100

(D) 250

Q31. The phase difference between input and output voltage in a common emitter
(CE) amplifier is:

(A) 0◦

(B) 90◦

(C) 180◦

(D) 270◦

Q32. A mass 𝑀 is suspended from a light spring. An additional mass 𝑚 added to it
displaces the spring further by distance 𝑥. The time period of oscillation of the
spring-mass system is:

(A) 2𝜋
√︃
𝑀𝑔

𝑥
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(B) 2𝜋
√︃
𝑥(𝑀+𝑚)
𝑚𝑔

(C) 2𝜋
√︃

𝑚𝑥
(𝑀+𝑚)𝑔

(D) 2𝜋
√︃

𝑚𝑔

𝑥(𝑀+𝑚)

Q33. The ratio of magnetic induction at the center of a circular coil of radius 𝑅 to that
at a distance 𝑅 on its axis is:

(A)
√

2 : 1

(B) 2 : 1

(C) 2
√

2 : 1

(D) 1 : 2
√

2

Q34. Two droplets of mercury of each radius 𝑟 coalesce to form a single drop. The
ratio of the total surface energy of the two droplets to that of the single drop is:

(A) 21/3 : 1

(B) 22/3 : 1

(C) 2 : 1

(D) 1 : 21/3

Q35. In a meter bridge experiment, the null point is obtained at 20 cm from the left
end. If the resistance in the left gap is 10Ω, the resistance in the right gap is:

(A) 40Ω

(B) 30Ω

(C) 20Ω

(D) 50Ω

Q36. The length of a second’s pendulum on the surface of Earth is 𝐿. Its length on
the surface of the Moon, where 𝑔 is 1/6th that of Earth, would be:

(A) 6𝐿

(B) 𝐿/6
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(C) 𝐿/36

(D) 36𝐿

Q37. If the frequency of incident light is doubled, the maximum velocity of photo-
electrons emitted from a metal surface will:

(A) Be doubled

(B) Be halved

(C) Increase by a factor greater than
√

2

(D) Increase by a factor less than
√

2

Q38. The energy of an electron in the 𝑛𝑡ℎ orbit of Hydrogen atom is 𝐸𝑛 = −13.6/𝑛2 eV.
The energy required to excite an electron from the ground state to the second
excited state is:

(A) 10.2 eV

(B) 12.09 eV

(C) 13.6 eV

(D) 3.4 eV

Q39. A body of mass 𝑚 is moving in a circle of radius 𝑟 with a constant speed 𝑣. The
work done by the centripetal force in half a revolution is:

𝑂

𝑟

Mass 𝑚
®𝐹𝑐

®𝑣
Path

(A) 𝑚𝑣2

(B) 1
2𝑚𝑣

2

(C) 𝜋𝑟2
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(D) Zero

Q40. The refractive index of a prism is
√

2 and its refracting angle is 60◦. For minimum
deviation, the angle of incidence is:

(A) 30◦

(B) 45◦

(C) 60◦

(D) 15◦

Q41. The Boolean expression for the output of a XOR gate with inputs A and B is:

(A) 𝐴 + 𝐵

(B) 𝐴 · 𝐵

(C) 𝐴𝐵̄ + 𝐴̄𝐵

(D) 𝐴 + 𝐵

Q42. Two spheres of same material have radii in the ratio 1 : 2. The ratio of their
thermal capacities is:

(A) 1 : 2

(B) 1 : 4

(C) 1 : 8

(D) 1 : 1

Q43. In an LCR series circuit, at resonance, the phase difference between voltage and
current is:

(A) 𝜋/2

(B) 𝜋/4

(C) Zero

(D) 𝜋
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Q44. The intensity of radiation emitted by a black body at temperature 𝑇 is 𝐼. If the
temperature is doubled, the intensity becomes:

(A) 2𝐼

(B) 4𝐼

(C) 8𝐼

(D) 16𝐼

Q45. The magnetic field lines inside a current-carrying solenoid are:

(A) Circular

(B) Parabolic

(C) Straight and parallel

(D) Diverging

Q46. The displacement of a particle is given by 𝑦 = 5 sin(100𝑡−0.4𝑥) m. The velocity
of the wave is:

(A) 250 m/s

(B) 40 m/s

(C) 20 m/s

(D) 500 m/s

Q47. If the pressure of a gas is increased by 2%, the percentage decrease in its volume
at constant temperature is:

(A) 2%

(B) 1%

(C) 4%

(D) 0.5%

Q48. A wire of length 𝐿 and resistance 𝑅 is stretched to double its length. Its new
resistance will be:

13 | Collegedunia |

https://www.collegedunia.com


MHT-CET Sample Paper Physics

(A) 2𝑅

(B) 4𝑅

(C) 𝑅/2

(D) 𝑅/4

Q49. The dimensional formula for Surface Tension is:

(A) [𝑀1𝐿0𝑇−2]

(B) [𝑀1𝐿1𝑇−2]

(C) [𝑀1𝐿2𝑇−2]

(D) [𝑀1𝐿−1𝑇−2]

Q50. Which of the following remains constant in a uniform circular motion?

(A) Velocity

(B) Acceleration

(C) Kinetic Energy

(D) Momentum
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Detailed Solutions

Q1.

Solution
Concept:
The moment of inertia (𝐼) of a composite system is the sum of the moments of inertia of its
individual components about the same axis. For a hollow sphere of mass 𝑀 and radius 𝑅 about its
diameter:

𝐼𝑠𝑝ℎ𝑒𝑟𝑒 =
2
3
𝑀𝑅2

For a point mass 𝑀 at a distance 𝑅 from the axis:

𝐼𝑝𝑜𝑖𝑛𝑡 = 𝑀𝑅2

Solution:
1. The axis passes through the diameter of the hollow sphere. 2. The point mass 𝑀 is attached to
the surface, meaning its distance from the central axis is exactly 𝑅. 3. Total moment of inertia of
the system:

𝐼𝑡𝑜𝑡𝑎𝑙 = 𝐼𝑠𝑝ℎ𝑒𝑟𝑒 + 𝐼𝑝𝑜𝑖𝑛𝑡

𝐼𝑡𝑜𝑡𝑎𝑙 =
2
3
𝑀𝑅2 + 𝑀𝑅2

4. Perform the addition:
𝐼𝑡𝑜𝑡𝑎𝑙 =

(
2
3
+ 1

)
𝑀𝑅2 =

5
3
𝑀𝑅2

Final Answer: The new moment of inertia is 5
3𝑀𝑅

2.

Answer: (B)
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Q2.

Solution
Concept:
The total energy (𝐸) in SHM is the sum of Kinetic Energy (𝐾) and Potential Energy (𝑈), and it
remains constant:

𝐸 = 𝐾 +𝑈 =
1
2
𝑘𝐴2

The potential energy at displacement 𝑥 is𝑈 = 1
2 𝑘𝑥

2. We are looking for the condition 𝐾 = 𝑈.
Solution:
1. From the energy conservation principle:

𝐸 = 𝐾 +𝑈

2. Substitute the condition 𝐾 = 𝑈:

𝐸 = 𝑈 +𝑈 = 2𝑈

3. Substitute the expressions for 𝐸 and𝑈:

1
2
𝑘𝐴2 = 2

(
1
2
𝑘𝑥2

)
4. Simplify the equation:

𝐴2 = 2𝑥2

5. Solve for 𝑥:
𝑥2 =

𝐴2

2
=⇒ 𝑥 =

𝐴
√

2

Final Answer: The displacement is 𝐴/
√

2.

Answer: (B)
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Q3.

Solution
Concept:
The torque (𝜏) experienced by an electric dipole in a uniform electric field is given by:

𝜏 = 𝑝𝐸 sin 𝜃

where 𝑝 is the dipole moment (𝑝 = 𝑞 × 2𝑙) and 𝐸 is the electric field strength. The torque is
maximum when the dipole is perpendicular to the field (𝜃 = 90◦).
Solution:
1. Calculate the dipole moment (𝑝): 𝑞 = 2 × 10−6 C Separation 2𝑙 = 3 cm = 0.03 m

𝑝 = (2 × 10−6) × 0.03 = 0.06 × 10−6 = 6 × 10−8 C m

2. Maximum torque occurs at sin(90◦) = 1:

𝜏𝑚𝑎𝑥 = 𝑝 × 𝐸

3. Substitute the values:
𝜏𝑚𝑎𝑥 = (6 × 10−8) × (2 × 105)

4. Calculate the result:
𝜏𝑚𝑎𝑥 = 12 × 10−3 = 1.2 × 10−2 N m

Final Answer: The maximum torque is 1.2 × 10−2 N m.

Answer: (A)
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Q4.

Solution
Concept:
The value of a carbon resistor is determined by a standard color code: Black (0), Brown (1),
Red (2), Orange (3), Yellow (4), Green (5), Blue (6), Violet (7), Gray (8), White (9). The first
two bands represent the digits, the third band is the multiplier (10𝑛), and the fourth band is the
tolerance (Gold: 5%, Silver: 10%).
Solution:
1. First band (Yellow): 4 2. Second band (Violet): 7 3. Third band (Brown): Multiplier 101 4.
Fourth band (Gold): Tolerance ±5% 5. Combine the values:

𝑅 = 47 × 101Ω ± 5% = 470Ω ± 5%

YellowVioletBrown Gold

1st Digit
2nd Digit

Multiplier Tolerance

Final Answer: The resistance is 470Ω ± 5%.

Answer: (A)
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Q5.

Solution
Concept:
The maximum velocity (𝑣𝑚𝑎𝑥) of a particle in a cyclotron is achieved at the maximum radius (𝑅)
of the dees:

𝑣𝑚𝑎𝑥 =
𝑞𝐵𝑅

𝑚

The maximum kinetic energy is:

𝐾.𝐸.𝑚𝑎𝑥 =
1
2
𝑚𝑣2

𝑚𝑎𝑥 =
𝑞2𝐵2𝑅2

2𝑚

Solution:
1. Identify parameters for a proton: 𝑞 = 1.6×10−19 C, 𝑚 = 1.67×10−27 kg. 2. Given: 𝐵 = 1.5 T,
𝑅 = 0.5 m. 3. Calculate energy in Joules:

𝐾.𝐸. =
(1.6 × 10−19)2 × (1.5)2 × (0.5)2

2 × 1.67 × 10−27

𝐾.𝐸. ≈ 2.56 × 10−38 × 2.25 × 0.25
3.34 × 10−27 ≈ 4.31 × 10−13 J

4. Convert to MeV (1 MeV = 1.6 × 10−13 J):

𝐾.𝐸. (MeV) =
4.31 × 10−13

1.6 × 10−13 ≈ 27 − 28 MeV

Final Answer: The maximum kinetic energy is approximately 28 MeV.

Answer: (A)
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Q6.

Solution
Concept:
An ideal transformer works on the principle of mutual induction. The ratio of the secondary
voltage (𝑉𝑠) to the primary voltage (𝑉𝑝) is equal to the ratio of the number of turns in the secondary
(𝑁𝑠) to the number of turns in the primary (𝑁𝑝):

𝑉𝑠

𝑉𝑝

=
𝑁𝑠

𝑁𝑝

Solution:
1. Identify given values: 𝑁𝑝 = 500, 𝑁𝑠 = 1000, and 𝑉𝑝 = 120 V. 2. Arrange the formula to solve
for 𝑉𝑠:

𝑉𝑠 = 𝑉𝑝 ×
(
𝑁𝑠

𝑁𝑝

)
3. Substitute the values:

𝑉𝑠 = 120 ×
(
1000
500

)
4. Since the turns ratio is 2 (a step-up transformer):

𝑉𝑠 = 120 × 2 = 240 V

Final Answer: The output voltage is 240 V.

Answer: (A)
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Q7.

Solution
Concept:
In a single slit diffraction experiment, the width of the central maximum (𝑊) is given by the
formula:

𝑊 =
2𝜆𝐷
𝑑

where 𝜆 is the wavelength, 𝐷 is the distance from the slit to the screen, and 𝑑 is the width of the
slit.
Solution:
1. Let the initial width be𝑊1 = 2𝜆𝐷

𝑑
= 2 mm. 2. According to the problem, the new slit width is

𝑑′ = 2𝑑 and the new distance is 𝐷′ = 𝐷/2. 3. The new width of the central maximum𝑊2 is:

𝑊2 =
2𝜆(𝐷/2)
(2𝑑)

4. Simplify the expression:

𝑊2 =
1
4
×
(
2𝜆𝐷
𝑑

)
5. Substitute𝑊1:

𝑊2 =
1
4
× 2 mm = 0.5 mm

Final Answer: The new width of the central maximum is 0.5 mm.

Answer: (B)
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Q8.

Solution
Concept:
Mayer’s Relation for an ideal gas relates the molar heat capacity at constant pressure (𝐶𝑝) and the
molar heat capacity at constant volume (𝐶𝑣):

𝐶𝑝 − 𝐶𝑣 = 𝑅

where 𝑅 is the universal gas constant.
Solution:
1. Given 𝐶𝑣 = 3

2𝑅 (which corresponds to a monatomic gas). 2. Use Mayer’s Relation to find 𝐶𝑝:

𝐶𝑝 = 𝐶𝑣 + 𝑅

3. Substitute the value of 𝐶𝑣:
𝐶𝑝 =

3
2
𝑅 + 𝑅

4. Combine the terms:
𝐶𝑝 =

(
3
2
+ 1

)
𝑅 =

5
2
𝑅

Final Answer: The molar heat capacity at constant pressure is 5
2𝑅.

Answer: (A)
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Q9.

Solution
Concept:
Einstein’s photoelectric equation relates the energy of the incident photon (𝐸), the work function
of the metal (𝜙0), and the stopping potential (𝑉0):

𝑒𝑉0 = 𝐸 − 𝜙0

where 𝐸 = ℎ𝑐
𝜆

. Using the approximation ℎ𝑐 ≈ 12400 eV Å, we can find 𝐸 in eV.
Solution:
1. Calculate the energy of the incident photon (𝐸):

𝐸 =
12400
2000 Å

= 6.2 eV

2. Use the given work function 𝜙0 = 4.2 eV:

𝑒𝑉0 = 6.2 eV − 4.2 eV = 2.0 eV

3. The stopping potential 𝑉0 is the voltage value:

𝑉0 = 2.0 V

Final Answer: The stopping potential is 2.0 V.

Answer: (A)
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Q10.

Solution
Concept:
Kinetic energy (𝐾.𝐸.) is a scalar quantity given by:

𝐾.𝐸. =
1
2
𝑚𝑣2

where 𝑣 is the speed (magnitude of the velocity vector). For a velocity vector ®𝑣 = 𝑥𝑖 + 𝑦 𝑗 , the
speed squared is 𝑣2 = 𝑥2 + 𝑦2.
Solution:
1. Calculate the square of the speed 𝑣2 from the velocity vector ®𝑣 = 3𝑖 + 4 𝑗 :

𝑣2 = 32 + 42 = 9 + 16 = 25

2. Given mass 𝑚 = 2 kg, substitute into the kinetic energy formula:

𝐾.𝐸. =
1
2
× 2 × 25

3. Simplify:
𝐾.𝐸. = 25 J

Final Answer: The kinetic energy is 25 J.

Answer: (A)
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Q11.

Solution
Concept:
When two soap bubbles coalesce under isothermal conditions in a vacuum, the total surface area is
not conserved, but the total energy (which is proportional to the surface area in this context) or the
balance of internal pressure and volume work leads to the relation:

𝑅2 = 𝑟2
1 + 𝑟

2
2

where 𝑅 is the radius of the new bubble, and 𝑟1, 𝑟2 are the radii of the original bubbles.
Solution:
1. Given 𝑟1 = 3 cm and 𝑟2 = 4 cm. 2. Apply the relation for isothermal coalescence in vacuum:

𝑅2 = 32 + 42

3. Calculate the squares:
𝑅2 = 9 + 16 = 25

4. Take the square root:
𝑅 =

√
25 = 5 cm

Final Answer: The radius of the new bubble is 5 cm.

Answer: (A)
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Q12.

Solution
Concept:
The acceleration due to gravity at a depth 𝑑 below the Earth’s surface is given by:

𝑔𝑑 = 𝑔

(
1 − 𝑑

𝑅

)
where 𝑔 is the acceleration at the surface and 𝑅 is the radius of the Earth.
Solution:
1. According to the problem, 𝑔𝑑 = 𝑔/4. 2. Substitute this into the formula:

𝑔

4
= 𝑔

(
1 − 𝑑

𝑅

)
3. Cancel 𝑔 from both sides:

1
4
= 1 − 𝑑

𝑅

4. Rearrange to solve for 𝑑/𝑅:
𝑑

𝑅
= 1 − 1

4
=

3
4

5. Therefore:
𝑑 =

3𝑅
4

Final Answer: The depth 𝑑 is 3𝑅/4.

Answer: (A)
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Q13.

Solution
Concept:
The fundamental frequency ( 𝑓 ) of a stretched string is inversely proportional to its length (𝑙):

𝑓 ∝ 1
𝑙

=⇒ 𝑓1𝑙1 = 𝑓2𝑙2 = 𝑓3𝑙3 = 𝑘

where 𝑘 is a constant.
Solution:
1. Total length 𝐿 = 𝑙1 + 𝑙2 + 𝑙3 = 110 cm. 2. Given frequency ratio 𝑓1 : 𝑓2 : 𝑓3 = 1 : 2 : 3. 3.
Since 𝑙 ∝ 1/ 𝑓 , the ratio of lengths is:

𝑙1 : 𝑙2 : 𝑙3 =
1
1

:
1
2

:
1
3

4. Multiply by the LCM (6) to get whole numbers:

𝑙1 : 𝑙2 : 𝑙3 = 6 : 3 : 2

5. Calculate individual lengths: Sum of ratios = 6 + 3 + 2 = 11. 𝑙1 = (6/11) × 110 = 60 cm
𝑙2 = (3/11) × 110 = 30 cm 𝑙3 = (2/11) × 110 = 20 cm
Final Answer: The lengths are 60 cm, 30 cm, and 20 cm.

Answer: (A)
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Q14.

Solution
Concept:
In a 𝑝 − 𝑛 junction diode, the depletion layer consists of immobile ions. - In **forward bias**, the
majority carriers are pushed toward the junction, reducing the width. - In **reverse bias**, the
majority carriers are pulled away from the junction, leaving behind more immobile ions.
Solution:
1. During reverse biasing, the positive terminal of the battery is connected to the n-side and the
negative terminal to the p-side. 2. Holes in the p-region and electrons in the n-region move
away from the junction. 3. This increases the region depleted of mobile charge carriers. 4.
Consequently, the width of the depletion layer increases.

𝑃-type

Depletion Layer (Widened)

− +

− +

− + 𝑁-type

− +

Reverse Bias Voltage 𝑉𝑅

Holes Electrons

Final Answer: The width of the depletion layer increases.

Answer: (A)

Q15.

Solution
Concept:
For a quantity calculated using a power formula, like the volume of a sphere 𝑉 = 4

3𝜋𝑟
3, the relative

error is given by the power multiplied by the relative error of the base variable.

Δ𝑉

𝑉
= 3

Δ𝑟

𝑟

Solution:
1. The percentage error in volume is 3 × (percentage error in radius). 2. Given error in radius
Δ𝑟
𝑟
× 100 = 2%. 3. Percentage error in volume:

% Error in 𝑉 = 3 × 2% = 6%

Final Answer: The error in the measurement of volume is 6%.

Answer: (C)
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Q16.

Solution
Concept: The escape velocity (𝑣𝑒) from the surface of a planet is given by:

𝑣𝑒 =

√︂
2𝐺𝑀
𝑅

where 𝑀 is the mass and 𝑅 is the radius.
Solution: 1. New mass 𝑀 ′ = 2𝑀 and new radius 𝑅′ = 𝑅/2. 2. New escape velocity 𝑣′𝑒:

𝑣′𝑒 =

√︄
2𝐺 (2𝑀)
𝑅/2

=

√︂
8𝐺𝑀
𝑅

3. Comparing with original 𝑣𝑒:

𝑣′𝑒 =

√︂
4 × 2𝐺𝑀

𝑅
= 2 ×

√︂
2𝐺𝑀
𝑅

= 2𝑣𝑒

Final Answer: The new escape velocity will be 2𝑣𝑒.

Answer: (B)

Q17.

Solution
Concept: The power of a lens is 𝑃 = 1/ 𝑓 (where 𝑓 is in meters). For a combination of lenses in
contact:

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃1 + 𝑃2 =
1
𝑓1

+ 1
𝑓2

Convex lens focal length is positive; concave lens focal length is negative.
Solution: 1. 𝑓1 = +20 cm = +0.2 m =⇒ 𝑃1 = 1/0.2 = +5 D. 2. 𝑓2 = −40 cm = −0.4 m =⇒
𝑃2 = 1/(−0.4) = −2.5 D. 3. 𝑃𝑡𝑜𝑡𝑎𝑙 = +5 + (−2.5) = +2.5 D.
Final Answer: The power of the combination is +2.5 D.

Answer: (A)

Q18.

Solution
Concept: The magnetic field (𝐵) due to a long straight wire is inversely proportional to the
distance (𝑟):

𝐵 =
𝜇0𝐼

2𝜋𝑟
=⇒ 𝐵 ∝ 1

𝑟

Solution: 1. Initial field 𝐵1 = 0.4 T at distance 𝑟. 2. New distance 𝑟 ′ = 2𝑟. 3. New field
𝐵2 = 𝐵1 × (𝑟/2𝑟) = 0.4/2 = 0.2 T.
Final Answer: The magnetic field at 2𝑟 is 0.2 T.

Answer: (B)
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Q19.

Solution
Concept: Fringe width (𝛽) in YDSE is given by:

𝛽 =
𝜆𝐷

𝑑

where 𝐷 is the distance to the screen and 𝑑 is the slit separation.
Solution: 1. New separation 𝑑′ = 𝑑/2 and new distance 𝐷′ = 2𝐷. 2. New fringe width 𝛽′:

𝛽′ =
𝜆(2𝐷)
(𝑑/2) = 4 × 𝜆𝐷

𝑑
= 4𝛽

Final Answer: The fringe width becomes four times.

Answer: (C)

Q20.

Solution
Concept: The velocity of an electron in the 𝑛𝑡ℎ Bohr orbit is 𝑣𝑛 = 𝑒2

2𝜖0𝑛ℎ
. For 𝑛 = 1, 𝑣1/𝑐 is

defined as the fine structure constant (𝛼 ≈ 1/137).
Solution: 1. In the first orbit of Hydrogen (𝑛 = 1):

𝑣1
𝑐

= 𝛼

2. The value of 𝛼 is approximately 1/137.

+𝑒

Nucleus (𝑍 = 1)

𝑛 = 1

𝑒−
®𝑣1

𝑟1

𝑣𝑛 = 𝑒2

2𝜖0𝑛ℎ

Final Answer: The ratio is 1/137.

Answer: (A)
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Q21.

Solution
Concept:
The Coefficient of Performance (COP) of a refrigerator is the ratio of the heat removed from the
cold reservoir (𝑄2) to the work input (𝑊). For an ideal (Carnot) refrigerator:

COP =
𝑇2

𝑇1 − 𝑇2

where 𝑇1 is the temperature of the hot reservoir and 𝑇2 is the temperature of the cold reservoir
(both in Kelvin).
Solution:
1. Convert temperatures to Kelvin: 𝑇2 = 4 + 273 = 277 K (Cold) 𝑇1 = 30 + 273 = 303 K (Hot) 2.
Apply the COP formula:

COP =
277

303 − 277
3. Calculate the difference:

COP =
277
26

≈ 10.65

4. The closest value provided is 10.6.
Final Answer: The COP is approximately 10.6.

Answer: (A)

Q22.

Solution
Concept:
According to Einstein’s photoelectric equation, the maximum kinetic energy (𝐾𝑚𝑎𝑥) of emitted
electrons is:

𝐾𝑚𝑎𝑥 = ℎ𝜈 − ℎ𝜈0 = ℎ(𝜈 − 𝜈0)

where 𝜈 is the incident frequency and 𝜈0 is the threshold frequency.
Solution:
1. Given 𝜈 = 2 × 1015 Hz, 𝜈0 = 1015 Hz, and ℎ = 6.6 × 10−34 J s. 2. Calculate the difference in
frequency:

Δ𝜈 = (2 × 1015 − 1 × 1015) = 1015 Hz

3. Calculate the kinetic energy:

𝐾𝑚𝑎𝑥 = (6.6 × 10−34) × (1015)

𝐾𝑚𝑎𝑥 = 6.6 × 10−19 J

Final Answer: The maximum kinetic energy is 6.6 × 10−19 J.

Answer: (A)
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Q23.

Solution
Concept:
Polarization is a phenomenon exclusive to transverse waves. In a transverse wave, the oscillations
are perpendicular to the direction of propagation. A polarizer can restrict these oscillations to a
single plane. Longitudinal waves (like sound) cannot be polarized because their oscillations are
parallel to the direction of travel.
Solution:
1. Reflection, interference, and diffraction are properties exhibited by both transverse and
longitudinal waves. 2. Polarization can only occur if the wave has a specific orientation
perpendicular to the direction of travel. 3. Therefore, the fact that light can be polarized is the
definitive proof that light is a transverse wave.
Final Answer: Polarization shows that light is a transverse wave.

Answer: (D)

Q24.

Solution
Concept:
The height of liquid rise in a capillary is ℎ ∝ 1/𝑟. The mass of the liquid in the column is
𝑀 = Volume×Density = (𝜋𝑟2ℎ) × 𝜌. Substituting ℎ ∝ 1/𝑟 , we find 𝑀 ∝ 𝑟2 × (1/𝑟) =⇒ 𝑀 ∝ 𝑟 .
Solution:
1. Initially, mass 𝑀 rises in a tube of radius 𝑟 . 2. Since 𝑀 ∝ 𝑟, if the radius is doubled (𝑟 ′ = 2𝑟):

𝑀 ′ = 2𝑀

3. Even though the height ℎ halves, the cross-sectional area increases fourfold, leading to a net
doubling of the mass.
Final Answer: The mass of water that will rise is 2𝑀 .

Answer: (B)
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Q25.

Solution
Concept:
In an AC circuit containing only a pure inductor, the current lags the voltage by a phase angle of
𝜙 = 𝜋/2 (90◦). The average power dissipated (𝑃𝑎𝑣𝑔) is given by:

𝑃𝑎𝑣𝑔 = 𝐸𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 cos 𝜙

The term cos 𝜙 is called the power factor.
Solution:
1. For a pure inductor, the phase difference 𝜙 = 90◦. 2. The power factor cos(90◦) = 0. 3.
Therefore, 𝑃𝑎𝑣𝑔 = 𝐸𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 × 0 = 0. 4. A pure inductor (and a pure capacitor) is a "wattless"
component in an AC circuit.
Final Answer: The average power dissipated is zero.

Answer: (C)

Q26.

Solution
Concept:
When two tuning forks produce beats, the beat frequency is the difference between their individual
frequencies (𝑛𝑏 = | 𝑓𝐴 − 𝑓𝐵 |). Loading a fork with wax **decreases** its frequency. We must
analyze how this decrease affects the beat count to determine the original frequency.
Solution:
1. Frequency of 𝐴 ( 𝑓𝐴) = 256 Hz. Beats = 4/s. 2. Possible frequencies for 𝐵 ( 𝑓𝐵) are
256 + 4 = 260 Hz or 256 − 4 = 252 Hz. 3. When 𝐵 is loaded with wax, 𝑓𝐵 decreases. - If 𝑓𝐵 was
260 Hz: Decreasing it (e.g., to 258 Hz) makes it closer to 256, so beats decrease (4 → 2). This
matches the problem. - If 𝑓𝐵 was 252 Hz: Decreasing it (e.g., to 250 Hz) makes it further from
256, so beats would increase (4 → 6). This contradicts the problem. 4. Therefore, the original
frequency of 𝐵 must be 260 Hz.
Final Answer: The frequency of 𝐵 is 260 Hz.

Answer: (B)
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Q27.

Solution
Concept:
The rotational kinetic energy (𝐾.𝐸.𝑟𝑜𝑡 ) of a body is given by:

𝐾.𝐸.𝑟𝑜𝑡 =
1
2
𝐼𝜔2

where 𝐼 is the moment of inertia and 𝜔 is the angular velocity. For a thin rod of mass 𝑀 and
length 𝐿 rotating about its center:

𝐼 =
1

12
𝑀𝐿2

Solution:
1. Identify the moment of inertia for the given axis: 𝐼 = 1

12𝑀𝐿
2. 2. Substitute 𝐼 into the kinetic

energy formula:

𝐾.𝐸. =
1
2
×
(

1
12
𝑀𝐿2

)
× 𝜔2

3. Simplify the coefficients:
𝐾.𝐸. =

1
24
𝑀𝐿2𝜔2

Final Answer: The kinetic energy is 1
24𝑀𝐿

2𝜔2.

Answer: (B)

Q28.

Solution
Concept:
The internal energy (𝑈) of an **ideal gas** depends solely on its absolute temperature (𝑇). This is
expressed as𝑈 = 𝑓 (𝑇). In an isothermal process, the temperature remains constant by definition
(Δ𝑇 = 0).
Solution:
1. Compression at constant temperature is an isothermal process. 2. Since the gas is "ideal,"
there are no intermolecular forces of attraction, so internal energy does not change with volume or
pressure changes. 3. Because 𝑇 is constant, the average kinetic energy of the molecules remains
constant. 4. Thus, the internal energy remains constant.
Final Answer: The internal energy remains constant.

Answer: (C)
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Q29.

Solution
Concept:
The magnetic dipole moment ( ®𝑚) of a current-carrying loop is defined as the product of the current
(𝐼) and the area of the loop ( ®𝐴):

𝑚 = 𝐼 × 𝐴

Solution:
1. The unit for current (𝐼) is Ampere (A). 2. The unit for area (𝐴) is square meter (m2). 3.
Multiplying them gives the unit for magnetic dipole moment:

Unit = A · m2

Final Answer: The SI unit is A m2.

Answer: (B)

Q30.

Solution
Concept:
The voltage gain (𝐴𝑣) of a transistor amplifier in common emitter configuration is given by the
product of the current gain (𝛽) and the resistance gain (𝑅𝑜𝑢𝑡/𝑅𝑖𝑛):

𝐴𝑣 = 𝛽 × 𝑅𝐿

𝑅𝑖

Solution:
1. Given: 𝛽 = 50, 𝑅𝑖 = 200Ω, and 𝑅𝐿 = 2 kΩ = 2000Ω. 2. Substitute the values into the formula:

𝐴𝑣 = 50 × 2000
200

3. Simplify the resistance ratio:
𝐴𝑣 = 50 × 10 = 500

Final Answer: The voltage gain is 500.

Answer: (A)
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Q31.

Solution
Concept: In a Common Emitter (CE) amplifier, an increase in input base current leads to an
increase in collector current. This causes a larger voltage drop across the load resistor (𝑅𝐶), which
in turn decreases the output collector-emitter voltage (𝑉𝐶𝐸).
Solution: 1. When the input signal goes positive, the output signal goes negative. 2. This indicates
that the input and output signals are exactly out of phase. 3. The phase difference between the
input voltage and output voltage in a CE amplifier is 180◦ (or 𝜋 radians).

+𝑉𝐶𝐶

Input (𝑉𝑖𝑛) Output (𝑉𝑜𝑢𝑡 )

0◦ 180◦
NPN

Final Answer: The phase difference is 180◦.

Answer: (C)

Q32.

Solution
Concept: The time period of a spring-mass system is 𝑇 = 2𝜋

√︁
𝑀𝑡𝑜𝑡𝑎𝑙/𝑘 . The spring constant 𝑘

can be determined by the force required to produce a specific displacement: 𝐹 = 𝑘𝑥.
Solution: 1. When mass 𝑚 is added, it exerts an additional force 𝐹 = 𝑚𝑔. 2. This force produces
displacement 𝑥, so 𝑚𝑔 = 𝑘𝑥 =⇒ 𝑘 = 𝑚𝑔/𝑥. 3. The total mass oscillating is (𝑀 + 𝑚). 4.
Substitute 𝑀𝑡𝑜𝑡𝑎𝑙 and 𝑘 into the period formula:

𝑇 = 2𝜋

√︄
𝑀 + 𝑚
𝑚𝑔/𝑥 = 2𝜋

√︄
𝑥(𝑀 + 𝑚)

𝑚𝑔

Final Answer: The time period is 2𝜋
√︃

𝑥 (𝑀+𝑚)
𝑚𝑔

.

Answer: (B)
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Q33.

Solution
Concept: The magnetic field at the center of a coil is 𝐵𝑐 =

𝜇0𝑛𝐼
2𝑅 . The magnetic field on the axis at

distance 𝑥 is 𝐵𝑎 =
𝜇0𝑛𝐼𝑅

2

2(𝑅2+𝑥2 )3/2 .
Solution: 1. At 𝑥 = 𝑅:

𝐵𝑎 =
𝜇0𝑛𝐼𝑅

2

2(𝑅2 + 𝑅2)3/2 =
𝜇0𝑛𝐼𝑅

2

2(2𝑅2)3/2 =
𝜇0𝑛𝐼𝑅

2

2(2
√

2𝑅3)
=
𝜇0𝑛𝐼

4
√

2𝑅

2. Ratio 𝐵𝑐/𝐵𝑎:
𝐵𝑐

𝐵𝑎

=

𝜇0𝑛𝐼
2𝑅
𝜇0𝑛𝐼

4
√

2𝑅

=
4
√

2
2

= 2
√

2

Final Answer: The ratio is 2
√

2 : 1.

Answer: (C)

Q34.

Solution
Concept: Surface energy 𝐸 = 𝑇 × 𝐴 (Surface Tension × Area). When droplets coalesce, volume
is conserved: 2 × 4

3𝜋𝑟
3 = 4

3𝜋𝑅
3 =⇒ 𝑅 = 21/3𝑟.

Solution: 1. Initial Area 𝐴𝑖 = 2 × (4𝜋𝑟2) = 8𝜋𝑟2. 2. Final Area 𝐴 𝑓 = 4𝜋𝑅2 = 4𝜋(21/3𝑟)2 =

4𝜋(22/3)𝑟2. 3. Ratio of initial energy to final energy (𝐴𝑖/𝐴 𝑓 ):

8𝜋𝑟2

4𝜋 · 22/3𝑟2 =
2

22/3 = 21−2/3 = 21/3

Final Answer: The ratio is 21/3 : 1.

Answer: (A)

Q35.

Solution
Concept: A meter bridge works on the principle of a Wheatstone bridge:

𝑅

𝑋
=

𝑙

100 − 𝑙

where 𝑅 is the left resistance, 𝑋 is the right resistance, and 𝑙 is the balance point from the left.
Solution: 1. Given 𝑅 = 10Ω and 𝑙 = 20 cm. 2. 10

𝑋
= 20

100−20 = 20
80 3. 10

𝑋
= 1

4 =⇒ 𝑋 = 40Ω.
Final Answer: The resistance in the right gap is 40Ω.

Answer: (A)
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Q36.

Solution
Concept: The time period of a simple pendulum is given by𝑇 = 2𝜋

√︁
𝐿/𝑔. A "second’s pendulum"

is defined as a pendulum with a fixed time period of 2 seconds. To maintain this period on different
planets, the length must change in proportion to the local gravity.
Solution: 1. For 𝑇 to be constant:

𝐿

𝑔
= constant =⇒ 𝐿𝑒𝑎𝑟𝑡ℎ

𝑔𝑒𝑎𝑟𝑡ℎ
=
𝐿𝑚𝑜𝑜𝑛

𝑔𝑚𝑜𝑜𝑛

2. Given 𝐿𝑒𝑎𝑟𝑡ℎ = 𝐿 and 𝑔𝑚𝑜𝑜𝑛 = 1
6𝑔𝑒𝑎𝑟𝑡ℎ. 3. Substitute into the proportion:

𝐿

𝑔𝑒𝑎𝑟𝑡ℎ
=
𝐿𝑚𝑜𝑜𝑛

1
6𝑔𝑒𝑎𝑟𝑡ℎ

4. Solving for 𝐿𝑚𝑜𝑜𝑛:
𝐿𝑚𝑜𝑜𝑛 = 𝐿 × 1

6
=
𝐿

6
Final Answer: The length on the Moon would be 𝐿/6.

Answer: (B)

Q37.

Solution
Concept: Einstein’s photoelectric equation is 𝐾𝑚𝑎𝑥 = 1

2𝑚𝑣
2
𝑚𝑎𝑥 = ℎ𝜈− 𝜙, where ℎ𝜈 is the incident

energy and 𝜙 is the work function.
Solution: 1. Let the initial state be: 1

2𝑚𝑣
2
1 = ℎ𝜈 − 𝜙. 2. When the frequency is doubled (𝜈′ = 2𝜈):

1
2
𝑚𝑣2

2 = ℎ(2𝜈) − 𝜙 = 2ℎ𝜈 − 𝜙

3. We can rewrite the new energy as:

1
2
𝑚𝑣2

2 = 2(ℎ𝜈 − 𝜙) + 𝜙

4. Since ℎ𝜈 − 𝜙 is the original kinetic energy (𝐾1):

𝐾2 = 2𝐾1 + 𝜙

5. Because 𝜙 > 0, it follows that 𝐾2 > 2𝐾1. 6. For velocity: 𝑣2
2 > 2𝑣2

1 =⇒ 𝑣2 >
√

2𝑣1.
Final Answer: The velocity increases by a factor greater than

√
2.

Answer: (C)
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Q38.

Solution
Concept: Excitation energy is the difference between the energy of the target state and the ground
state (𝑛 = 1). Note: The "second excited state" is 𝑛 = 3 (the "first" is 𝑛 = 2).
Solution: 1. Energy at ground state (𝑛 = 1): 𝐸1 = −13.6/12 = −13.6 eV. 2. Energy at second
excited state (𝑛 = 3): 𝐸3 = −13.6/32 = −13.6/9 ≈ −1.51 eV. 3. Energy required (Δ𝐸):

Δ𝐸 = 𝐸3 − 𝐸1 = −1.51 − (−13.6)

Δ𝐸 = 12.09 eV

𝑛 = 1 (Ground State)−13.6 eV

𝑛 = 2 (1st Excited State)−3.4 eV

𝑛 = 3 (2nd Excited State)−1.51 eV

𝑛 = ∞0 eV

Excitation Energy Δ𝐸

Final Answer: The energy required is 12.09 eV.

Answer: (B)

Q39.

Solution
Concept: Work done is defined as𝑊 = ®𝐹 · ®𝑠 = 𝐹𝑠 cos 𝜃. Centripetal force ®𝐹𝑐 always acts towards
the center of the circle, while displacement ®𝑠 is always tangential.
Solution: 1. In circular motion, the angle 𝜃 between the force vector and the displacement vector
is always 90◦. 2. cos(90◦) = 0. 3. Therefore, no matter how much distance the body covers (half
a revolution or a full one), the work done by the centripetal force is always zero.
Final Answer: The work done is zero.

Answer: (D)
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Q40.

Solution
Concept: At minimum deviation (𝐷𝑚), the ray inside the prism is parallel to the base, and
𝑟1 = 𝑟2 = 𝐴/2. The refractive index is given by Snell’s law: 𝑛 = sin 𝑖/sin 𝑟.
Solution: 1. Given 𝐴 = 60◦, the angle of refraction is 𝑟 = 𝐴/2 = 30◦. 2. Given 𝑛 =

√
2. 3. Apply

Snell’s law: √
2 =

sin 𝑖
sin 30◦

4. Substitute sin 30◦ = 0.5:

sin 𝑖 =
√

2 × 0.5 =

√
2

2
=

1
√

2

5. Therefore, 𝑖 = sin−1(1/
√

2) = 45◦.
Final Answer: The angle of incidence is 45◦.

Answer: (B)

**Detailed Solutions**

Q41.

Solution
Concept: The **XOR (Exclusive OR)** gate is a logic gate that outputs high (1) only when the
inputs are different. Its truth table dictates that the output is 1 if (𝐴 = 0, 𝐵 = 1) or (𝐴 = 1, 𝐵 = 0).
Solution: 1. For input 𝐴 = 1 and 𝐵 = 0, the expression is 𝐴𝐵̄. 2. For input 𝐴 = 0 and 𝐵 = 1, the
expression is 𝐴̄𝐵. 3. Since either condition yields a high output, we use the OR operator (+):

𝑌 = 𝐴𝐵̄ + 𝐴̄𝐵

4. This is the standard Boolean representation for the Exclusive OR operation.
Final Answer: The Boolean expression is 𝐴𝐵̄ + 𝐴̄𝐵.

Answer: (C)

Q42.

Solution
Concept: **Thermal capacity** (𝑆) is defined as the product of mass (𝑚) and specific heat
capacity (𝑠): 𝑆 = 𝑚 × 𝑠. For objects of the same material, the specific heat is constant.
Solution: 1. Mass 𝑚 = density × volume = 𝜌 × 4

3𝜋𝑟
3. 2. Since 𝜌, 𝜋, and 𝑠 are constant for both

spheres, we have 𝑆 ∝ 𝑟3. 3. Given the ratio of radii 𝑟1 : 𝑟2 = 1 : 2. 4. The ratio of thermal
capacities is:

𝑆1
𝑆2

=

(
𝑟1
𝑟2

)3
=

(
1
2

)3
=

1
8

Final Answer: The ratio of their thermal capacities is 1 : 8.

Answer: (C)
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**Detailed Solution**

Q43.

Solution
**Concept:** In an AC circuit containing an Inductor (𝐿), Capacitor (𝐶), and Resistor (𝑅) in
series, the relationship between the voltage and the current is governed by the total impedance (𝑍)
and the phase angle (𝜙).
**Solution:** 1. **Impedance and Phase Angle:** The phase difference 𝜙 between the voltage
and the current in an LCR circuit is given by the formula:

tan 𝜙 =
𝑋𝐿 − 𝑋𝐶

𝑅

where 𝑋𝐿 is the inductive reactance and 𝑋𝐶 is the capacitive reactance.
2. **Condition for Resonance:** Resonance occurs when the inductive reactance exactly cancels
out the capacitive reactance:

𝑋𝐿 = 𝑋𝐶

3. **Calculation of Phase Difference:** Substituting the resonance condition into the phase angle
formula:

tan 𝜙 =
𝑋𝐿 − 𝑋𝐿

𝑅
=

0
𝑅

= 0

Since tan 𝜙 = 0, the phase angle is:
𝜙 = 0

4. **Physical Interpretation:** At resonance, the circuit behaves as a **purely resistive** circuit.
The voltage and current reach their peak values at the same time, meaning they are in phase.
**Final Answer:** At resonance, the phase difference between voltage and current is **Zero**.

Answer: (C)

Q44.

Solution
Concept: According to the **Stefan-Boltzmann Law**, the total intensity (𝐼) of radiation emitted
by a black body is directly proportional to the fourth power of its absolute temperature (𝑇).

𝐼 = 𝜎𝑇4

Solution: 1. Initial state: 𝐼1 ∝ 𝑇4. 2. New temperature 𝑇 ′ = 2𝑇 . 3. New intensity 𝐼2 ∝ (2𝑇)4:

𝐼2 = 16 × 𝑇4

4. Comparing 𝐼1 and 𝐼2, we see 𝐼2 = 16𝐼1.
Final Answer: The intensity becomes 16𝐼.

Answer: (D)

**Detailed Solution**
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Q45.

Solution
Concept: A solenoid is a long coil of wire wrapped in a helical shape. When an electric current
flows through it, it generates a magnetic field. The pattern of this field depends on whether we are
looking inside or outside the coils.
Solution:
1. **Field Generation:** According to Ampere’s Law, each loop of the solenoid acts like a tiny
bar magnet. Inside the solenoid, the magnetic fields produced by each individual turn of the wire
add together. 2. **Uniformity:** In an ideal (long) solenoid, the magnetic field is very strong and
uniform in the interior region. A uniform magnetic field is visually represented by field lines that
are equally spaced, **straight, and parallel** to the axis of the solenoid. 3. **Direction:** The
lines run from the South pole to the North pole inside the solenoid, forming continuous closed
loops when they return through the outside space. 4. **Comparison:** Outside the solenoid, the
field lines curve and spread out (diverge), similar to a bar magnet, but inside, they remain strictly
parallel.
Final Answer: The magnetic field lines inside a current-carrying solenoid are **Straight and
parallel**.

Answer: (C)

Q46.

Solution
Concept: The general equation of a progressive wave is 𝑦 = 𝐴 sin(𝜔𝑡 − 𝑘𝑥). The velocity of the
wave (𝑣) is given by the ratio of the angular frequency (𝜔) to the wave number (𝑘):

𝑣 =
𝜔

𝑘

Solution: 1. Compare 𝑦 = 5 sin(100𝑡 − 0.4𝑥) with the general form. 2. 𝜔 = 100 rad/s and
𝑘 = 0.4 m−1. 3. Calculate the velocity:

𝑣 =
100
0.4

=
1000

4
= 250 m/s

Final Answer: The velocity of the wave is 250 m/s.

Answer: (A)
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Q47.

Solution
Concept: At a constant temperature, Boyle’s Law states that 𝑃𝑉 = constant. For small changes,
the relationship between fractional changes is:

Δ𝑃

𝑃
+ Δ𝑉

𝑉
= 0 =⇒ Δ𝑉

𝑉
= −Δ𝑃

𝑃

Solution: 1. Given that the pressure is increased by 2%, so Δ𝑃
𝑃

× 100 = +2%. 2. From the
derivative of Boyle’s Law (𝑃Δ𝑉 +𝑉Δ𝑃 = 0):

Δ𝑉

𝑉
= −2%

3. The negative sign indicates a decrease. Therefore, the volume decreases by 2%.
Final Answer: The percentage decrease in volume is 2%.

Answer: (A)

Q48.

Solution
Concept: The resistance of a wire is 𝑅 = 𝜌 𝐿

𝐴
. When a wire is stretched, its volume (𝑉 = 𝐴𝐿)

remains constant. If the length becomes 𝑛𝐿, the area must become 𝐴/𝑛.

𝑅′ = 𝜌
(𝑛𝐿)
(𝐴/𝑛) = 𝑛2

(
𝜌
𝐿

𝐴

)
= 𝑛2𝑅

Solution: 1. The wire is stretched to double its length, so 𝑛 = 2. 2. The new resistance
𝑅′ = 𝑛2𝑅 = 22𝑅. 3. 𝑅′ = 4𝑅.
Final Answer: The new resistance will be 4𝑅.

Answer: (B)
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Q49.

Solution
Concept: Surface tension (𝑇) is defined as the force (𝐹) per unit length (𝐿):

𝑇 =
𝐹

𝐿

Solution: 1. Dimensions of Force [𝐹] = [𝑀1𝐿1𝑇−2]. 2. Dimensions of Length [𝐿] = [𝐿1]. 3.
Dimensions of Surface Tension:

[𝑇] = [𝑀1𝐿1𝑇−2]
[𝐿1]

= [𝑀1𝐿0𝑇−2]

Final Answer: The dimensional formula is [𝑀1𝐿0𝑇−2].

Answer: (A)

Q50.

Solution
Concept: **Uniform Circular Motion (UCM)** is defined as the motion of an object traveling
along a circular path at a **constant speed**. However, because the direction of motion is
constantly changing, the physics of vectors vs. scalars is crucial here.
Solution:
1. **Velocity (A):** Velocity is a vector quantity (®𝑣). While the *magnitude* (speed) is constant in
UCM, the *direction* is always tangential to the circle and changes at every point. Since direction
changes, velocity is **not constant**. 2. **Acceleration (B):** In UCM, there is a centripetal
acceleration (®𝑎𝑐) directed toward the center. Like velocity, its magnitude (𝑣2/𝑟) is constant, but its
direction constantly rotates to point toward the center. Thus, acceleration is **not constant**. 3.
**Momentum (D):** Momentum is a vector ( ®𝑝 = 𝑚®𝑣). Since the direction of velocity is changing,
the direction of momentum also changes. Thus, momentum is **not constant**. 4. **Kinetic
Energy (C):** Kinetic Energy (𝐾.𝐸.) is a **scalar quantity** defined as:

𝐾.𝐸. =
1
2
𝑚𝑣2

In UCM, the mass (𝑚) and the speed (𝑣) are both constant. Since 𝐾.𝐸. does not depend on
direction, it remains **constant** throughout the motion.
Final Answer: **Kinetic Energy** remains constant in a uniform circular motion.

Answer: (C)
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Answer Key

Q Ans Q Ans Q Ans Q Ans Q Ans
1 B 2 B 3 A 4 A 5 A
6 A 7 B 8 A 9 A 10 A
11 A 12 A 13 A 14 A 15 C
16 B 17 A 18 B 19 C 20 A
21 A 22 A 23 D 24 B 25 C
26 B 27 B 28 C 29 B 30 A
31 C 32 B 33 C 34 A 35 A
36 B 37 C 38 B 39 D 40 B
41 C 42 C 43 C 44 D 45 C
46 A 47 A 48 B 49 A 50 C
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