JEE Main 2025 April 3 Shift 2 Physics
Question Paper with Solutions

] Time Allowed :3 Hours \ Maximum Marks :300 \ Total Questions :75 \

General Instructions

Read the following instructions very carefully and strictly follow them:
1. Multiple choice questions (MCQs)
2. Questions with numerical values as answers.
3. There are three sections: Mathematics, Physics, Chemistry.

4. Mathematics: 25 (20+5) 10 Questions with answers as a numerical value. Out of
10 questions, 5 questions are compulsory.

5. Physics: 25 (20+5) 10 Questions with answers as a numerical value. Out of 10
questions, 5 questions are compulsory..

6. Chemistry: 25 (20+5) 10 Questions with answers as a numerical value. Out of 10
questions, 5 questions are compulsory.

7. Total: 75 Questions (25 questions each).
8. 300 Marks (100 marks for each section).

9. MCQs: Four marks will be awarded for each correct answer and there will be a
negative marking of one mark on each wrong answer.

10. Questions with numerical value answers: Candidates will be given four
marks for each correct answer and there will be a negative marking of 1 mark for
each wrong answer.

Physics
Section - A

26. A magnetic dipole experiences a torque of 80v/3 N m when placed in a uniform magnetic
field in such a way that the dipole moment makes an angle of 60° with the magnetic field.
The potential energy of the dipole is:

(A) 80 J
(B) —40v/3 ]
(C)-60 J
(D) -80 J

Correct Answer: (D) -80 J



Solution: The torque 7 experienced by a magnetic dipole in a uniform magnetic field B is
given by:
T=MXx B = MBsin6

where M is the magnitude of the magnetic dipole moment, B is the magnitude of the
magnetic field, and € is the angle between M and B. Given 7 = 80v/3 N m and 6 = 60°.

80v/3 = M B sin 60°

80v3 = MB (?)

_ 80v3x2
V3

The potential energy U of the magnetic dipole in the uniform magnetic field is given by:

MB = 160
U=—M-B=—MBcos#
Substituting the values M B = 160 and 6 = 60°:

U = —(160) cos 60°

1
:—1 —
U 60 (2)

U=-801J

Remember the formulas for the torque 7 = MBsinf and potential energy U =
—M B cos 8 of a magnetic dipole in a uniform magnetic field. Use the given torque and
angle to find the product M B, and then use this value to calculate the potential energy
at the same angle.

27. In a resonance experiment, two air columns (closed at one end) of 100 ¢cm and 120 cm
long, give 15 beats per second when each one is sounding in the respective fundamental
modes. The velocity of sound in the air column is :

(A) 335 m/s
(B) 370 m/s
(C) 340 m/s
(D) 360 m/s

Correct Answer: (D) 360 m/s

Solution: For an air column closed at one end, the fundamental frequency (first harmonic) is
given by:



where v is the velocity of sound in the air column and [ is the length of the air column.
For the first air column of length [; = 100 cm = 1 m, the fundamental frequency is:
— Hz

hi= 4,  4x1 4
For the second air column of length I3 = 120 cm = 1.2 m, the fundamental frequency is:

f_'U_ v _'U
2T 4, 4x12 48

The number of beats per second is the absolute difference between the two frequencies:

Beat = ‘fl — f2|
Given that the beat frequency is 15 Hz:
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v=15x%24 =360 m/s

The velocity of sound in the air column is 360 m/s.

Quick Tip

For a closed organ pipe, the fundamental frequency is f = 7. The beat frequency
produced by two sources of sound is the absolute difference of their frequencies. Set up
an equation using the given beat frequency and the fundamental frequencies of the two
air columns to solve for the velocity of sound v. Ensure consistent units for length (meters
in this case).

28. Two cylindrical vessels of equal cross-sectional area of 2m? contain water up to heights
10 m and 6 m, respectively. If the vessels are connected at their bottom, then the work done
by the force of gravity is: (Density of water is 103 kg/m3 and g = 10 m/sQ)

(A)1x10°]
(B) 4 x 10*J
(C) 6 x 10%J
(D) 8 x 10*J

Correct Answer: (D) 8 x 10%]

Solution:



LT

10m 6m 8m

Ui = (pa x 10)g x 5+ (pab)g x 3
U; = pag(50 + 18)

U; =68pag
Up=(pax16)g x4
= (pag) x 64

w=AU =4 X pag
=4 %1000 x 2 x 10 = 8 x 10% J

Quick Tip

The work done by gravity is equal to the loss in potential energy. Calculate the initial
and final potential energy of the water. The potential energy of a liquid column is given
by mghepm, where hen, is the height of the center of mass of the liquid column from the
reference level. When two connected vessels contain a liquid, the liquid levels equalize,
conserving the total volume.

29. Width of one of the two slits in a Young’s double slit interference experiment is half of the
other slit. The ratio of the maximum to the minimum intensity in the interference pattern is :

A)(2v2+1):(2v2-1)
)(3+2\/_) (3-2v2)
)9
)3

(
(B
(C
(D

Correct Answer: (B) (3 +2v2): (3 —2/2)

Solution: In Young’s double slit experiment, the intensity of light passing through a slit is
directly proportional to the width of the slit. Let the widths of the two slits be w; and ws.
Given that the width of one slit is half the width of the other slit, let w; = w and wy = 2w.
The intensities of light from the two slits are proportional to their widths. Let the intensities
be I 1 and [ 2.

Hxw =w = ]1210

I xwy =2w = Iy =21



The maximum intensity I,,q, in the interference pattern occurs when the waves from the two
slits interfere constructively, and is given by:

mamz ]1+
Substituting the values of I1 and Is:
Inaz = (VIo+ V/210)* = (VIo(1+ V2))* = I)(1 + v2)* = Ip(1+ 2 + 2V2) = (3 +2V2)

The minimum intensity I,,;, in the interference pattern occurs when the waves from the two
slits interfere destructively, and is given by:

Inin = (VI = V/I2)?
Substituting the values of I7 and Is:
Imin = (V/To — v/210)* = (\/Io(1 = V2))* = Ip(1 — V2)? = Ip(1 + 2 — 2v/2) = Iy(3 — 2V/2)
The ratio of the maximum to the minimum intensity is:

Imar  To(3+2v2)  3+2V2
]min [0(3 — 2\/5) 3 — 2\/§

So, the ratio Inaz : Imin is (3 +2v2) : (3 — 2v/2).

In Young’s double slit experiment, the intensity of light is proportional to the width of the
slit. The maximum intensity is (v/I1 ++/I2)? and the minimum intensity is (v/I1 — v/I2)?,
where I; and I are the intensities from the two slits. Use the given relationship between
the widths to find the ratio of intensities and then calculate the ratio of maximum to
minimum intensity.

30. An ideal gas exists in a state with pressure Py, volume Vj. It is isothermally expanded to
4 times of its initial volume (V}), then isobarically compressed to its original volume. Finally
the system is heated isochorically to bring it to its initial state. The amount of heat
exchanged in this process is :

(A) PyVp(21n2 — 0.75)
(B) PyVp(In2 — 0.75)
(C) PyVp(In2 — 0.25)
(D) PyVo(2In2 — 0.25)

Correct Answer: (A) PyVp(2In2 —0.75)

Solution:
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]
RS L

$E

Po/4

- '\r
Vi vy

The process consists of three steps forming a cycle. The total heat exchanged in a cyclic
process is equal to the total work done by the system, since the change in internal energy for
a cyclic process is zero (AUgyeiec = 0). The total heat Q7 = w1 + w2 + w3, where wi, wa, w3 are
the work done in the isothermal expansion, isobaric compression, and isochoric heating,
respectively.

Step 1: Isothermal expansion from (Py, Vp) to (Pr,4Vp). For an isothermal process,

PV = constant, so PyVp = P1(4Vh) = P = %. Work done wy = éOVO PdV = féovo %dv =
PyVp[ln V] = PyVo(In(4Vp) — In Vo) = RVoIn §2 = RyVyIn4 = PyVp(21n2).

Step 2: Isobaric compression from (%,4‘/0) to (%, Vo). Work done

wy = [y PAV = Pi(Vo — 4Vp) = (=31p) = 3 RVp = ~0.T5R V%,

Step 3: Isochoric heating from (%, Vo) to (Po, Vo). For an isochoric process, the volume is

constant (dV = 0). Work done ws = f‘zo PdV = 0.
The total heat exchanged in the process is the sum of the work done in each step:

Qr=wi +wr+w3=2RVyIn2 —0.75PVy +0 = P()Vb(Q In2 — 0.75)

Quick Tip

For a cyclic thermodynamic process, the net heat exchanged is equal to the net work done
by the system. Calculate the work done in each step of the cycle: isothermal expansion
W =nRT'In %, isobaric process W = P(V; — V), and isochoric process W = 0. Sum
the work done in each step to find the total heat exchanged.

31. Two monochromatic light beams have intensities in the ratio 1:9. An interference pattern
is obtained by these beams. The ratio of the intensities of maximum to minimum is

o1
o1
o1
o1

—
=~ W O o

A
B
C
D

Py

Correct Answer: (D) 4: 1

Solution: Let the intensities of the two monochromatic light beams be I; and I>. Given that
the ratio of their intensities is 1:9, we can write % = %. Let Iy = I and Is = 91.
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The maximum intensity I,,q, in the interference pattern is given by:

Lz = (VT + VD2)?
Substituting the values of I1 and Is:
Imaz = (VT + V1) = (VT +3V1)? = (4V1)? = 161
The minimum intensity I,,;, in the interference pattern is given by:
Imin = (\/I_l - \/5)2
Substituting the values of I and Is:
Lnin = (VT = VOI)? = (VI = 3VI)? = (=2V1)* =4I
The ratio of the maximum to the minimum intensity is:

Inas _ 161 _

Lyin AT

So, the ratio of the intensities of maximum to minimum is 4:1.

In an interference pattern formed by two sources of intensities /7 and I, the maximum
intensity is (v/I1 ++/I2)? and the minimum intensity is (v/I; —v/I2)%. Use the given ratio
of intensities to express one intensity in terms of the other and then calculate the ratio
of maximum to minimum intensity.

32. Given below are two statements : one is labelled as Assertion A and the other is labelled
as Reason R. Assertion A : The Bohr model is applicable to hydrogen and hydrogen-like
atoms only. Reason R : The formulation of Bohr model does not include repulsive force
between electrons. In the light of the above statements, choose the correct answer from the
options given below :

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

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

(4) A is true but R is false.

Correct Answer: (3) Both A and R are true and R is the correct explanation of A.

Solution: Assertion A states that the Bohr model is applicable to hydrogen and
hydrogen-like atoms only. Hydrogen-like atoms are those that have only one electron, such as
Het, Li**, Bt etc. The Bohr model successfully explains the atomic spectra of hydrogen
and these single-electron species. For atoms with more than one electron, the Bohr model
fails to predict the correct spectra. Thus, Assertion A is true.

Reason R states that the formulation of the Bohr model does not include the repulsive force
between electrons. The Bohr model is a simplified model of the atom that considers electrons



orbiting the nucleus in specific quantized energy levels. It does not take into account the
inter-electronic repulsions that are significant in multi-electron atoms. The absence of
consideration for electron-electron repulsion is a primary reason why the Bohr model is only
accurate for single-electron systems. Thus, Reason R is also true.

Furthermore, the reason R correctly explains why the Bohr model is limited to hydrogen and
hydrogen-like atoms. The simplicity of having only one electron eliminates the complexities
arising from electron-electron interactions, which are not accounted for in the Bohr model.
Therefore, Reason R is the correct explanation of Assertion A.

The Bohr model is a foundational model in atomic physics but has limitations. Remember
that it works well for single-electron systems because it neglects the complexities of
electron-electron interactions. For multi-electron atoms, more sophisticated models like
the quantum mechanical model are necessary.

33. Using a battery, a 100 pF capacitor is charged to 60 V 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 20 V| its capacitance is : (in pF)

Correct Answer: (200)

Solution:

+Cuvu %l;\rn

| 1
T 10

| |
I
C

Let the capacitance of the first capacitor be C1 = 100 pF and its initial voltage be V; = 60V.
The initial charge on the first capacitor is Q; = C1V; = (100 pF)(60 V) = 6000 pC.

A second uncharged capacitor with capacitance Cs is connected in parallel to the first
capacitor. When capacitors are connected in parallel, the voltage across them becomes equal.
The final voltage across the second capacitor is given as Vy = 20 V. Since they are in parallel,
the final voltage across the first capacitor is also V; =20 V.

The total charge in the system is conserved. The initial charge was only on the first capacitor,
Q; = 6000 pC. After connecting the second capacitor, this charge is distributed between the
two capacitors. The final charge on the first capacitor is



Qs = C1Vy = (100 pF)(20 V) = 2000 pC. The final charge on the second capacitor is
Qra = C2Vy = C(20 V).
By conservation of charge:
Qi=Qpn +Qp
6000 pC = 2000 pC 4 C2(20V)
4000 pC = C2(20V)
4000 pC

T 20V

The capacitance of the second capacitor is 200 pF.

Alternatively, using the formula for the final voltage when a charged capacitor C7 with initial
voltage V; is connected in parallel to an uncharged capacitor Cs:

= 200 pF

GV
V f—
! C1+Cs
Given V=20V, C1 =100pF, and V; =60V:
90 — (100)(60)
100 4+ C

20(100 + C2) = 6000
2000 + 20C3 = 6000

20C = 4000
4000
=—=2 F
Co 50 00p

Quick Tip

When a charged capacitor is connected in parallel to an uncharged capacitor, charge is
redistributed until the voltage across both capacitors is the same. The total charge in
the system is conserved. You can use the conservation of charge or the formula for the
final voltage in parallel capacitor combinations to solve such problems.

34. A monochromatic light of frequency 5 x 10" Hz travelling through air, is incident on a

medium of refractive index '2’. Wavelength of the refracted light will be :

Correct Answer: (1) 300 nm



Solution: The frequency of light remains unchanged when it passes from one medium to
another. Given frequency f =5 x 10'* Hz. The speed of light in air (approximately vacuum)
is ¢ = 3 x 10® m/s. The wavelength of light in air (\g;) is given by:
N = & = XS 6106 = 600 x 10~ m = 600
= —_— = —m . m = m = nm
“rTf T 5 x 104 Hg
The refractive index of the medium is given as u = 2. The wavelength of light in the medium
(Amedium) 18 related to the wavelength in vacuum (or air) by the refractive index:

)\ .
)\medium ==
Substituting the values:
600 nm
/\medium = 9 = 300nm

The wavelength of the refracted light in the medium is 300 nm.

When light travels from one medium to another, its frequency remains constant, but its
speed and wavelength change. The relationship between the wavelength in a medium
(Amedium), the wavelength in vacuum (Aygeyum), and the refractive index (p) of the
medium is A\edium = )‘““C% First, find the wavelength in air (approximated as vacuum)
using the given frequency and the speed of light in vacuum. Then, use the refractive index
to find the wavelength in the medium.

35.

m;=10kg m-=3kg

Consider two blocks A and B of masses m; = 10 kg and mgy = 5 kg that are placed on a
frictionless table. The block A moves with a constant speed v = 3 m/s towards the block B
kept at rest. A spring with spring constant & = 3000 N/m is attached with the block B as
shown in the figure. After the collision, suppose that the blocks A and B, along with the
spring in constant compression state, move together, then the compression in the spring is,
(Neglect the mass of the spring)

Correct Answer: (3) 0.1 m

10



Solution: We are given two blocks A and B with masses m; = 10 kg and ms = 5 kg on a
frictionless table. Block A moves with a velocity v; = 3 m/s towards block B, which is
initially at rest (v = 0 m/s). After the collision, the blocks A and B move together with a
common velocity vey,. We can find this common velocity using the principle of conservation of
linear momentum:

mivy + mavy = (M1 + ma)vem

(10kg)(3m/s) + (5kg)(0m/s) = (10 kg + 5kg)vem,
30kg m/s = (15kg)vem
30

Vem = 15 = 2m/s

The kinetic energy lost during the inelastic collision is stored as potential energy in the
compressed spring. We can use the principle of conservation of energy. The initial kinetic
energy of the system is the kinetic energy of block A:

1 1 1
KE; = §mwf = 5(10kg)(3 m/s)? = 5(10)(9) = 45
The final kinetic energy of the combined mass (m; + ms) moving with velocity vep, is:

KE; = %(ml + ma)v2, = %(15 kg)(2m/s)? = %(15)(4) =307

The loss in kinetic energy is stored as the potential energy in the compressed spring:

PEqpring = KE; — KE; =45J —30J =15

The potential energy stored in a compressed spring with spring constant £ and compression x

is given by:
PEypring = sha”
We are given k& = 3000 N/m. So,
15 = %(3000):452
15 = 150022
, 15 1

a = ——— = —
1500 100

1 1
T=\10 " oM 0m

The compression in the spring is 0.1 m.

Quick Tip

In collisions where objects stick together, use the conservation of linear momentum to
find the common final velocity. The kinetic energy lost during such inelastic collisions is
often converted into other forms of energy, such as potential energy stored in a spring.
Use the conservation of energy to relate the loss in kinetic energy to the potential energy
stored in the spring and solve for the compression.

11



36. A particle is projected with velocity u so that its horizontal range is three times the

maximum height attained by it. The horizontal range of the projectile is given as nw’ here

25g°
value of n is : (Given ’g’ is the acceleration due to gravity).

(1)6
(2) 18
(3) 12
(4) 24

Correct Answer: (4) 24

Solution: The horizontal range R of a projectile launched with initial velocity u at an angle
6 with the horizontal is given by:
u? sin 26
g
The maximum height H,,., attained by the projectile is given by:

u?sin?0
2g

We are given that the horizontal range is three times the maximum height:

Hmax =

R =3Huz
u?sin20 5 (u2 sin? 9)
g 29
u?(2sinfcosd)  3u? sin? 6
g 2

We can cancel %2 from both sides (assuming u # 0):

3
2sinf@cosf = §sin20

Assuming sin f # 0 (i.e., the projectile is launched at an angle other than 0 or 180 degrees),
we can divide by sin 6:

2cosf = —sinf
sin 6 0 2 4
—tanf = — — =
cosf 3/2 3

Now we need to find the horizontal range R in terms of v and g. We know
_ u%sin20 _ u?(2sinfcosd) 4
R = usmzt _ Iftanf = 3

7 , we can consider a right-angled triangle where the
opposite side is 4 and the adjacent side is 3. The hypotenuse is

V42 £32 =/I6 +9=/25=5. So, sinf = % and cosf = % Substituting these values into
the expression for R:

R u?(2 x % X %) _ u?(2}) _ 24u?
g g 25¢
We are given that the horizontal range is R = ST“;. Comparing this with our result, we find

that n = 24.

(@2
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Use the formulas for the horizontal range and maximum height of a projectile. Set up the
given condition relating the range and maximum height to find the angle of projection.
Once the angle is known (or trigonometric ratios of the angle are known), substitute
these values back into the formula for the range to express it in the required form and
find the value of n.

37. A solid steel ball of diameter 3.6 mm acquired terminal velocity 2.45 x 1072 m/s while
falling under gravity through an oil of density 925 kg m™>. Take density of steel as
7825kg m ™ and g as 9.8 m/sZ. The viscosity of the oil in SI unit is

Correct Answer: (4) 1.99

Solution: The terminal velocity vy of a sphere falling through a viscous fluid is given by
Stokes’ Law:
2r%(ps — p1)g

M
where 7 is the radius of the sphere, ps is the density of the sphere (steel), p; is the density of
the liquid (oil), ¢ is the acceleration due to gravity, and 7 is the viscosity of the liquid.
Given: Diameter of the steel ball d = 3.6 mm = 3.6 x 1073 m Radius of the steel ball
r= g = % = 1.8 x 1073 m Terminal velocity vy = 2.45 x 1072 m/s Density of oil
pr = 925kg m~3 Density of steel ps = 7825 kg m~? Acceleration due to gravity g = 9.8 m/s2
We need to find the viscosity n of the oil. Rearranging the formula for terminal velocity:

v =

2r2(ps — p1)g

= QUT
Substituting the given values:

~ 2(1.8 x 107%)%(7825 — 925)(9.8)
= 9(2.45 x 10-2)

2(3.24 x 1079)(6900)(9.8)
9(2.45 x 1072)

~ 2x3.24 x107% x 6900 x 9.8
B 0.2205
~0.436512
~0.2205
n~ 1.98Pa s

77:

Ui

The viscosity of the oil is approximately 1.98 Pa s, which is close to 1.99.
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Use Stokes’ Law for terminal velocity of a sphere falling through a viscous fluid: vy =
2

w. Ensure all units are in SI. Calculate the radius from the diameter. Rearrange

the formula to solve for the viscosity 1. Substitute the given values and perform the

calculation carefully.

38. The truth table corresponding to the circuit given below is

A C
B

— o == =
—| === @
el =1 k=1 E=1Kw'

I E=1E=1
=1 =R~
= =]l=lo| M

=1 =1
—| == =@
ool — M
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—| =2 o=
—|l=| -2 5
= = I S

Correct Answer: (2)

Solution:
LA _ C=A-(A+B)

e

B A+B

A|[B|A+B|C

o/o| o |o

110 1 1

o/1| 1 |o

1|1 1 1

Quick Tip

To find the truth table for a given digital circuit, determine the Boolean expression for the
output in terms of the inputs. Then, evaluate this expression for all possible combinations
of input values (0 and 1) to create the truth table. You can also simplify the Boolean
expression before creating the truth table to make the evaluation easier. For OR gate,
output is 1 if at least one input is 1. For AND gate, output is 1 only if all inputs are 1.

39. A particle moves along the x-axis and has its displacement x varying with time t
according to the equation = = co(t? — 2) + c(t — 2)? where cg and c are constants of
appropriate dimensions. Then, which of the following statements is correct?

(1) the acceleration of the particle is 2¢q

(2) the acceleration of the particle is 2¢

(3) the initial velocity of the particle is 4c

(4) the acceleration of the particle is 2(c + ¢g)

Correct Answer: (4) the acceleration of the particle is 2(c + ¢g)

Solution:
Z—f =uv = 2tCy + 2C

15
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Quick Tip

To find the velocity and acceleration of a particle given its displacement as a function of
time, differentiate the displacement with respect to time once for velocity and twice for
acceleration. The initial velocity is the velocity at ¢ = 0.

40. An electric bulb rated as 100 W-220 V is connected to an ac source of rms voltage 220 V.
The peak value of current through the bulb is :

Correct Answer: (1) 0.64 A

Solution: The power rating of the electric bulb is P = 100 W at an rms voltage Vs = 220 V.
When the bulb is connected to an ac source of rms voltage 220 V, it will operate at its rated
power. The relationship between power, rms voltage, and rms current I, is:

P = V;“ms Irms

We can find the rms current through the bulb:

I P 100W 10, 5
T Vs 220V 227 11

The peak value of the current Iy in an ac circuit is related to the rms current by:

IO = \/Elrms
Substituting the value of I,,:
5
Ih=VvV2x —A
0=V2x g
We know that v/2 ~ 1.414.
5 7.07
Ip~ 1414 x — = — =~ 0.6427 A
0 X 11 11 0.6427

Rounding to two decimal places, the peak value of the current through the bulb is
approximately 0.64 A.

Quick Tip

For a resistive load like an electric bulb connected to an AC source, the power P =
VimsIrms- Use the given power and rms voltage to find the rms current. The peak value
of current in an AC circuit is related to the rms current by Iy = v/21ms.
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41. Match the LIST-I with LIST-II
LIST-I LIST-II

A. | Boltzmann constant 1. ML?T !
B. | Coefficient of viscosity | II. | MLT 3K~ !
C. | Planck’s constant L | ML?T 2K !

D. | Thermal conductivity | IV. | ML™IT™!
Choose the correct answer from the options given below :

(A) A-IIL, B-IV, C-I, D-II
(B) A-II, B-III, C-1V, D-I
(C) A-IIL, B-II, C-I, D-IV
(D) A-IIL, B-IV, C-II, D-I
Correct Answer: (A) A-111, B-1V, C-1, D-1I

Solution: Let’s find the dimensions of each quantity in LIST-I.

A. Boltzmann constant (k): From the ideal gas law, PV = NkT, where P is pressure
(ML™'T72), V is volume (L?), N is the number of particles (dimensionless), k is the
Boltzmann constant, and T is temperature (K). So, k = ﬁ‘é % = ML2T?K™!
Thus, A matches with III.

B. Coefficient of viscosity (n): From viscous force F' = 6mnrv, where F is force (MLT™2), r is
radius (L), and v is velocity (LT™1). So, n = 671;;” = (1)1(\%&;2, = hL/IZL"lT - =ML 'T7! Thus,
B matches with IV.

C. Planck’s constant (h) From the energy of a photon E = hf, where E is energy (ML?T~2)
and f is frequency (T™1). So, h = f = MLPT® _ ML2T ! Thus, C matches with I.

T 1
D. Thermal conductivity (K): From the rate of heat flow dQ =-K A‘é—g, where % is power
(ML2T™3), A is area (LQ), 4T is temperature grad1ent (KL 1. So,
K = U9t _ AT T 20 - Miif{ " = MLT®K~! Thus, D matches with IT.

The correct matching is A-I1I, B-IV, C-I, D-II, which corresponds to option (A).

Quick Tip

To find the dimensions of a physical quantity, use the fundamental formulas relating it to
other quantities whose dimensions are known. Remember the fundamental dimensions
of mass (M), length (L), time (T), and temperature (K). Derive the dimensions step by
step using the definitions of the quantities involved.

42. Pressure of an ideal gas, contained in a closed vessel, is increased by 0.4

17



Correct Answer: (3) 250K

Solution: The gas is contained in a closed vessel, so the volume remains constant. This is an
isochoric process. For an ideal gas at constant volume, the pressure is directly proportional to
the temperature (in Kelvin):
P AP P
PxT = —= tant — — = —
x T constan AT = T
Let the initial pressure be P and the initial temperature be T' (in Kelvin). The pressure
increases by 0.4The temperature is increased by 1°C, which is equal to 1 K change in Kelvin
scale, so AT = 1 K. Substituting these values into the equation:

0.004P P
1 T
1
0.004 = —
T

1 1000
T = 0l 1 - 250K
The initial temperature of the gas is 250 K. To convert this to Celsius, we use
T(°C) =T(K) —273.15:
T(°C) = 250 — 273.15 = —23.15°C

However, the options are given in Celsius and Kelvin, and 250 K is one of the options.

Quick Tip

For an ideal gas in a closed vessel (isochoric process), the ratio of pressure to temperature
(in Kelvin) is constant. Use the given percentage increase in pressure and the change
in temperature to set up a proportion and solve for the initial temperature in Kelvin.
Remember to always use Kelvin for gas law calculations involving temperature.

43. A motor operating on 100 V draws a current of 1 A. If the efficiency of the motor is 91.6

(1) 4
(2) 8.4
(3) 2
(4) 6.2

Correct Answer: (3) 2
Solution: The input power to the motor is given by:
Piput =V x I
where V' is the voltage and [ is the current. Given V =100V and [ = 1A,

Pinput = 100V x 1A = 100 W
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The efficiency 7 of the motor is given by:

- P output

P, input

Given n = 91.6% = 0.916, we can find the output power:
Poutput = 1 X Pipput = 0.916 x 100W = 91.6 W
The power loss in the motor is the difference between the input power and the output power:
Pioss = Pinput — Poutput = 100W —91.6 W = 8.4 W

We need to convert the power loss from watts to calories per second (cal/s). We know that 1
calorie (cal) is equal to 4.184 Joules (J). Since power is the rate of energy transfer (1 W =1
J/s), we have:

IW=1J/s=

1
1
118 /s

So, the power loss in cal/s is:

Poss(cal/s) = 8.4 W x cal/s/W

4.184
Pyss(cal/s) = 2.0076 cal /s

Rounding to the nearest whole number, the loss of power is approximately 2 cal/s.

Quick Tip

First, calculate the input power to the motor using FPj,pu¢ = V1. Then, use the efficiency
to find the output power Poutput = NPinput- The power loss is Ploss = Pinput — Poutput-
Finally, convert the power loss from watts (J/s) to calories per second (cal/s) using the
conversion factor 1 cal = 4.184 J.

44. A block of mass 1 kg, moving along x with speed v; = 10 m/s enters a rough region
ranging from x = 0.1 m to x = 1.9 m. The retarding force acting on the block in this range is
F, = —kx N, with £ = 10 N/m. Then the final speed of the block as it crosses this rough
region is

Correct Answer: (4) 8 m/s

Solution: The work done by the retarding force on the block as it moves through the rough
region is given by:
Ty 1.9
W = / Frdx = / (—kx)dx
ZX; 0.1
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Substituting £ = 10 N/m:

1.9 372 1.9
W = (=10z)dx = —10 {—}
0.1 2 Joa

W = —5[(1.9)> — (0.1)*] = =5[3.61 — 0.01] = —5[3.60] = —18]

The work-energy theorem states that the net work done on an object is equal to the change in
its kinetic energy:
1 1
Wyet = AKE = KE; — KE; = vaj% — §mv§

Given mass m = 1 kg and initial speed v; = 10 m/s. The work done by the retarding force is
the net work done on the block.

1
—18 = Z(1)v} — 5(1)(10)2
1, 1
1 2
—18 = —'Uf — 50

Lo
évf:50—18:32
2 _
Uf—64
vy = V64 =8m/s

The final speed of the block as it crosses the rough region is 8 m/s.

Quick Tip

Use the work-energy theorem to solve this problem. First, calculate the work done
by the retarding force over the given distance by integrating the force with respect to
displacement. Then, equate this work done to the change in kinetic energy of the block
to find the final speed.

45. Given below are two statements : one is labelled as Assertion A and the other is labelled
as Reason R. Assertion A : If oxygen ion (O~?) and Hydrogen ion (HT) enter normal to the
magnetic field with equal momentum, then the path of O~2 ion has a smaller curvature than
that of HT. Reason R : A proton with same linear momentum as an electron will form a path
of smaller radius of curvature on entering a uniform magnetic field perpendicularly. In the
light of the above statements, choose the correct answer from the options given below

(1) A is true but R is false

(2) Both A and R are true but R is NOT the correct explanation of A
(3) A is false but R is true

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

Correct Answer: (1) A is true but R is false
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Solution: The radius of the circular path of a charged particle moving perpendicular to a
uniform magnetic field is given by:
_mv _p

"T 4B 4B
where m is the mass of the particle, v is its velocity, ¢ is the magnitude of the charge, B is the
magnetic field strength, and p = muv is the linear momentum.
For Assertion A, the oxygen ion is O~2, so its charge magnitude is |go—2| = 2e. The hydrogen
ion is HT, so its charge magnitude is |qy+| = e, where ¢ is the elementary charge. Both ions

enter the magnetic field with equal momentum p. The radius of curvature for O~2 is:

ro-2 = L
0 2¢B
The radius of curvature for HT is: ’
rgs = —
HT eB

Comparing the radii, we see that rp-2 = %rH+. This means the path of O~2 ion has a smaller
radius of curvature (larger curvature) than that of H". Therefore, Assertion A is true.

For Reason R, a proton has charge +e and an electron has charge —e, so their charge
magnitudes are equal |g,| = |¢e| = e. They have the same linear momentum p. The radius of
curvature for the proton is:

N
P eB
The radius of curvature for the electron is:
1
°  ¢B

Thus, 7, = 7¢. A proton and an electron with the same linear momentum will form paths of
the same radius of curvature, not a smaller radius for the proton. Therefore, Reason R is false.
Since Assertion A is true and Reason R is false, the correct answer is (1).

Quick Tip

The radius of the circular path of a charged particle in a magnetic field is directly pro-
portional to its momentum and inversely proportional to the magnitude of its charge.
When comparing particles with equal momentum, the particle with a larger charge will
have a smaller radius of curvature.

46. Light from a point source in air falls on a spherical glass surface (refractive index, u = 1.5
and radius of curvature R = 50 cm). The image is formed at a distance of 200 cm from the
glass surface inside the glass. The magnitude of distance of the light source from the glass
surfaceis _~ m.

Correct Answer: (4)

Solution: We will use the formula for refraction at a spherical surface:

H2 M1 _ F27 M
) U R
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where: gy is the refractive index of the first medium (air) = 1 ug is the refractive index of the
second medium (glass) = 1.5 w is the object distance from the spherical surface (to be found)
v is the image distance from the spherical surface = 200 cm (positive as the image is formed
in the second medium) R is the radius of curvature of the spherical surface = +50 cm
(positive as the surface is convex to the incident light)

Substituting the given values into the formula:

1.5 1 15-1

200w 20

1.5 1 05

200 w50

L5 1 1

200 w100

3 1

400 w100
r 3 r 3 4 1
w400 100 400 400 400

u = —400 cm

The negative sign indicates that the object is real and located on the side from which the
light is incident. The magnitude of the distance of the light source from the glass surface is
|u| = 400 cm. To convert this distance to meters, we divide by 100:

Quick Tip

Apply the formula for refraction at a spherical surface, £2 — £1 = E225L Be careful with
the sign conventions for u, v, and R. For a convex surface, R is positive when light goes
from a rarer to a denser medium. Real objects have negative u, and real images formed
on the opposite side of the refracting surface have positive v. Ensure consistent units

throughout the calculation and convert the final answer to the required unit.

47. The excess pressure inside a soap bubble A in air is half the excess pressure inside
another soap bubble B in air. If the volume of the bubble A is n times the volume of the
bubble B, then, the value of n is )

Correct Answer: (8)

Solution: The excess pressure AP inside a soap bubble of radius R is given by:
4T
R

where T is the surface tension of the soap solution.

AP =
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Let the excess pressure inside soap bubble A be AP, and its radius be R4. Let the excess
pressure inside soap bubble B be APp and its radius be Rp.

According to the problem, the excess pressure inside bubble A is half the excess pressure
inside bubble B:

APy = %APB
Using the formula for excess pressure:
AT 1 (AT
£-3(8)
1 1
Ry 2Rp
R4 =2Rp

The volume of a spherical bubble is given by V = %TI'RS. Let the volume of bubble A be V4
and the volume of bubble B be Vg.

Va= %mi
Vg = gijg
We are given that the volume of bubble A is n times the volume of bubble B:
Via=nVp
%ﬂ'Ri B
inh

Ra\*
—— =n
Rp
We found that R4y = 2Rp, so }}%—g = 2. Substituting this into the equation for n:
n=(2)7>=38

The value of n is 8.

Quick Tip

The excess pressure inside a soap bubble is inversely proportional to its radius. The
volume of a soap bubble is proportional to the cube of its radius. Use the relationship
between the excess pressures to find the relationship between the radii, and then use the
relationship between the radii to find the relationship between the volumes.

48. Two cells of emf 1V and 2V and internal resistance 2 2 and 1 €2, respectively, are
connected in series with an external resistance of 6 €). The total current in the circuit is Ij.
Now the same two cells in parallel configuration are connected to the same external resistance.

In this case, the total current drawn is Is. The value of (%) is §. The value of x is

Correct Answer: (4)

Solution:
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1
3
6

A
2
r
1

1%
AY

Case 1: Cells in series The equivalent emf of the cells in series is
€eqs = €1 +e2 =1V +2V =3V. The equivalent internal resistance of the cells in series is
Teqs = T1 + 12 =280 4+ 1Q = 3. The total resistance in the circuit is

Ri=regs + R=3Q+60Q=9Q. The total current in the circuit is [1 = Eeas —

R
Case 2: Cells in parallel The equivalent emf of the cells in parallel is
1422 1.2 144 5/2 5
Ty T 27 2 __ 9/«

A.

Nel[oV)
=
Wl

Cqp=d7t =t t=dz=35=3 V. The equivalent internal resistance of the cells in
T T 21
parallel is 74, = ﬁ T i r =1y = ﬁ = %Q The total resistance in the circuit is
1 2 1
Ry =1eqp+ R = %Q +6Q = @ Q= % Q). The total current in the circuit is

_Ceqp _ B/3V 5 A _ 1
Iy =%, _20/39—20A—4A-

Now we need to find the value of %:

Lo_13_1
I, 1/4 3

4 4
1 3

We are given that % = 3. Comparing the two expressions for %:

Therefore, the value of x is 4.

When cells are connected in series, their emfs add up and their internal resistances add
up. When cells are connected in parallel, the equivalent emf and equivalent internal
resistance are calculated using specific formulas. After finding the equivalent emf and
equivalent internal resistance for both series and parallel configurations, use Ohm’s law to
find the total current in each case. Finally, calculate the ratio of the currents as required.
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49. An electron in the hydrogen atom initially in the fourth excited state makes a transition

to n'" energy state by emitting a photon of energy 2.86 eV. The integer value of n will be

Correct Answer: (2)

Solution: The energy of an electron in the nt" orbit of a hydrogen atom is given by:

b, = —% eV
n
The electron is initially in the fourth excited state. The ground state is n = 1, the first
excited state is n = 2, the second excited state is n = 3, the third excited state is n = 4, and
the fourth excited state is n = 5. So, the initial energy level is n; = 5. The electron makes a
transition to the n'”” energy state, so the final energy level is n ¢ =n. The energy of the

emitted photon is equal to the difference in energy between the initial and final energy levels:

13.6 13.6 11
Ephoton =Fk; — Ef =5 - (——2) =13.6 (—2 — —2> eV
n; nf

1
Given that the energy of the emitted photon is 2.86 eV, and n; = 5, we have:

1 1

2.86 = 13.6 ! !
T T\ 2 25

Divide both sides by 13.6:

2.86 1 1
13.6 n2 25
1
0.21029 ~ — — 0.04
n

1 1
— =0.21029 4+ 0.04 = 0.25029 =~ 0.25 = -
n? 4

n? =4
n:\/Z:2

Since n must be an integer, the final energy state is n = 2.

Use the formula for the energy levels of a hydrogen atom and the energy of the emitted
photon during a transition between energy levels. Identify the initial and final energy
levels based on the given information. Set up the equation relating the photon energy to
the initial and final quantum numbers and solve for the unknown final quantum number
n.
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50. A physical quantity C is related to four other quantities p, ¢, r and s as follows

2
C pq

a r3./s
The percentage errors in the measurement of p, q, r and s are 1%, 2%, 3% and 2%
respectively. The percentage error in the measurement of C will be ______ %.

Correct Answer: (15)
Solution: The physical quantity C is given by:

2
_ P12 —3_-1/2
C_T381/2_ q°r°s

The percentage error in C is given by the sum of the percentage errors in each quantity
multiplied by the absolute value of their exponents in the expression for C.

AC oC p| (Ap oC q | ( Aq oC r| [ Ar oC s
= x1 =2 (= x1 — A= (= x1 i
( C X OO)mM ‘8}90 (p X OO>~|— an’ ( . X OO)+ 9 C ( " X OO)+ 95 O

<As
— X
s
Alternatively, using the rule for percentage errors:

1
% error in C' = |1x(% error in p)|+|2x (% error in q)|+|—3x (% error in 7“)]+\—§><(% error in s)|

Given percentage errors: % error in p = 1% error in q = 2% error in r = 3% error in s = 2
Substituting these values:

1
%errorinC’:|1><1%|+|2><2%|+|—3><3%|+|—§><2%|

% error in C' = 1% + 4% + 9% + 1%
% error in C' = 15%

The maximum percentage error in the measurement of C will be 15

Quick Tip

For a physical quantity C' related to other quantities by C' = p®¢®r¢s?, the maximum
percentage error in C'is given by |a|(% error in p)+ |b[(% error in ¢)+ |c|(% error in r)+
|d|(% error in s). Apply this rule directly to the given relation and percentage errors.
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