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General Instructions

Read the following instructions very carefully and strictly follow them::

1. This question paper contains 33 questions. All questions are compulsory.

2. This question paper is divided into five sections Sections A, B, C, D and E.

3. In Section A Questions no. 1 to 16 are Multiple Choice type questions. Each
question carries 1 mark.

4. In Section B Questions no. 17 to 21 are Very Short Answer type questions.Each
question carries 2 marks.

5. In Section C Questions no. 22 to 28 are Short Answer type questions. Each
question carries 3 marks.

6. In Section D Questions no. 29 and 30 are case study-based questions. Each
question carries 4 marks.

7. In Section E Questions no. 31 to 33 are Long Answer type questions. Each
question carries 5 marks.

8. There is no overall choice given in the question paper. However, an internal choice
has been provided in few questions in all the Sections except Section A.

9. Kindly note that there is a separate question paper for Visually Impaired
candidates.

10. Use of calculators is not allowed.
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SECTION-A

1. A charge Q is fixed in position. Another charge q is brought near charge Q and
released from rest. Which of the following graphs is the correct representation of
the acceleration of the charge q as a function of its distance r from charge Q?

Correct Answer:

Solution: The force acting between two charges can be calculated using Coulomb’s Law,
which is expressed as:

F =
k ·Q · q

r2

Here, k is Coulomb’s constant, Q and q are the magnitudes of the two charges, and r is the
distance between them. The resulting force F is responsible for producing an acceleration a
on charge q, which can be determined using Newton’s second law, a = F

m , where m is the
mass of the charge q. Substituting the expression for F into this equation gives:

a =
k ·Q · q
m · r2

This shows that the acceleration of the charge q is inversely proportional to the square of the
distance r. As a result, the acceleration of q decreases as the distance r increases, which is
characteristic of an inverse square law, and this corresponds to option (1).
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� Quick Tip

For Coulomb’s law, keep in mind that the force between two charges is inversely pro-
portional to the square of the distance separating them.

2. Two conductors A and B of the same material have their lengths in the ratio
1:2 and radii in the ratio 2:3. If they are connected in parallel across a battery,
the ratio vA

vB
of the drift velocities of electrons in them will be:

(1) 2
(2) 1

2
(3) 3

2
(4) 8

9
Correct Answer: (3) 3

2
Solution: The drift velocity v in a conductor is influenced by several factors. It is inversely
proportional to the area of cross-section of the conductor, meaning that a smaller
cross-sectional area results in a higher drift velocity. Additionally, drift velocity is directly
proportional to the electric current and the length of the conductor.
Since the two conductors are arranged in parallel, they experience the same voltage across
them. To determine the ratio of the drift velocities vA

vB
, we use the relationship between drift

velocity and the area of cross-section. The drift velocity v is inversely proportional to the
area, and since the current is the same for both conductors, the ratio of drift velocities will be
related to the ratio of the square of their radii (since area A = πr2). Therefore, the ratio of
drift velocities is given by:

vA
vB

=
r2B
r2A

.

Given that the radii of the two conductors are rA = 2 and rB = 3, we can substitute these
values into the equation:

vA
vB

=
32

22
=

9

4
.

Thus, the ratio of drift velocities is vA
vB

= 3
2 , which corresponds to option (3).

� Quick Tip

Drift velocity is influenced by both the current and the cross-sectional area of the con-
ductor. A smaller cross-sectional area leads to a larger drift velocity.

3. A 1 cm segment of a wire lying along the x-axis carries a current of 0.5 A
along the +x-direction. A magnetic field B = (0.4mT)ĵ + (0.6mT)k̂ is switched on
in the region. The force acting on the segment is:
(1) (2ĵ + 3k̂)mN
(2) (−3ĵ + 2k̂)µN
(3) (6ĵ + 4k̂)mN
(4) (−4ĵ + 6k̂)µN
Correct Answer: (2) (−3ĵ + 2k̂)µN
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Solution: To find the force acting on the segment of the wire, we can apply the Lorentz force
law for a current-carrying wire placed in a magnetic field:

F = IL×B

where: I = 0.5A is the current,
L = 1 cm î = 0.01m î is the length vector of the wire segment,
B = (0.4mT)ĵ + (0.6mT)k̂ = (0.4× 10−3T)ĵ + (0.6× 10−3T)k̂ is the magnetic field.
Now, we compute the cross product L×B:

L×B =

∣∣∣∣∣∣
î ĵ k̂

0.01 0 0
0 0.4× 10−3 0.6× 10−3

∣∣∣∣∣∣
This determinant simplifies as follows:

L×B = î
(
0 · 0.6× 10−3 − 0 · 0.4× 10−3

)
−ĵ

(
0.01 · 0.6× 10−3 − 0 · 0

)
+k̂

(
0.01 · 0.4× 10−3 − 0 · 0

)
L×B = −ĵ

(
0.01 · 0.6× 10−3

)
+ k̂

(
0.01 · 0.4× 10−3

)
L×B = −ĵ

(
6× 10−6

)
+ k̂

(
4× 10−6

)
Next, we multiply the cross product by the current I = 0.5A:

F = 0.5
(
−ĵ

(
6× 10−6

)
+ k̂

(
4× 10−6

))
F = −3× 10−6 ĵ + 2× 10−6 k̂

Finally, we express the force in micro-Newtons:

F = (−3ĵ + 2k̂)µN

Therefore, the correct answer is:

(2) (−3ĵ + 2k̂)µN

� Quick Tip

To calculate the force on a current-carrying conductor in a magnetic field, use the
equation F = I(L×B).

4. The ratio of the number of turns of the primary to the secondary coils in an
ideal transformer is 20:1. If 240 V AC is applied from a source to the primary
coil of the transformer and a 6.0 Ω resistor is connected across the output
terminals, then the current drawn by the transformer from the source will be:
(1) 4.0 A
(2) 3.8 A
(3) 0.97 A
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(4) 0.10 A
Correct Answer: (4) 0.10 A
Solution: For an ideal transformer, the relationship between the primary and secondary
voltages is given by the following equation:

Vp
Vs

=
Np

Ns

where Vp and Vs are the primary and secondary voltages, and Np and Ns represent the
number of turns in the primary and secondary coils, respectively. Given that the turns ratio is
20:1, the secondary voltage can be calculated as:

Vs =
Vp
20

=
240V

20
= 12V.

Next, the current in the secondary circuit is:

Is =
Vs
R

=
12V

6.0Ω
= 2.0A.

Using the turns ratio, we can calculate the primary current:

Ip =
Is
20

=
2.0A

20
= 0.1A.

Thus, the current drawn by the transformer from the source is 0.1A, which corresponds to
option (4).

� Quick Tip

In transformers, the ratio of the primary voltage to the secondary voltage is the same
as the ratio of the number of turns in the primary coil to the number of turns in the
secondary coil.

5. You are required to design an air-filled solenoid of inductance 0.016 H having a
length 0.81 m and radius 0.02 m. The number of turns in the solenoid should be:
(1) 2592
(2) 2866
(3) 2976
(4) 3140
Correct Answer: (3) 2976
Solution: The inductance of a solenoid is given by the formula:

L = µ0µr
N2A

l

where:
L = 0.016H (inductance),
µ0 = 4π × 10−7H/m
(permeability of free space),
µr = 1 (for an air-filled solenoid),
A = πr2 = π(0.02)2m2 (cross-sectional area),
l = 0.81m (length),
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N is the number of turns.
To find the number of turns N , we rearrange the formula:

N =

√
Ll

µ0µrA

Substituting the given values:

N =

√
(0.016)(0.81)

(4π × 10−7)(1)(π(0.02)2)

Upon solving this expression, we get:

N ≈ 2976

Therefore, the correct answer is option (3).

� Quick Tip

For air-filled solenoids, remember that µr = 1. Always ensure the units are consistent
when applying formulas.

6. A voltage v = v0 sinωt applied to a circuit drives a current i = i0 sin(ωt+ ϕ) in the
circuit. The average power consumed in the circuit over a cycle is:
(1) Zero
(2) i0v0 cosϕ
(3) i0v0

2
(4) i0v0

2 cosϕ
Correct Answer: (4) i0v0

2 cosϕ
Solution: The average power consumed in an AC circuit is expressed by the formula:

Pavg = VrmsIrms cosϕ

Here, the peak voltage and current are related to their respective rms values by:

Vrms =
v0√
2
, Irms =

i0√
2

Substituting these expressions into the power formula gives:

Pavg =

(
v0√
2

)(
i0√
2

)
cosϕ

Pavg =
i0v0
2

cosϕ

Thus, the correct answer is option (2).

� Quick Tip

In AC circuits, the power factor cosϕ plays a crucial role in determining the real power
consumption, as it accounts for the phase difference between voltage and current.
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7. X-rays are more harmful to human beings than ultraviolet radiations because
X-rays:
(1) have frequency lower than that of ultraviolet radiations.
(2) have wavelength smaller than that of ultraviolet radiations.
(3) move faster than ultraviolet radiations in air.
(4) are mechanical waves but ultraviolet radiations are electromagnetic waves.
Correct Answer: (2) have wavelength smaller than that of ultraviolet radiations.
Solution: X-rays and ultraviolet (UV) rays both belong to the electromagnetic spectrum,
but X-rays have significantly shorter wavelengths and, therefore, higher energy compared to
UV rays. The energy of a photon is given by the equation:

E = hf =
hc

λ

where:
E is the energy of the photon,
h is Planck’s constant,
f is the frequency,
c is the speed of light,
λ is the wavelength.
Since X-rays have a smaller wavelength (λ) than UV rays, they possess more energy per
photon. This higher energy allows X-rays to penetrate more deeply into tissues, making them
more harmful to living cells.
Thus, the correct answer is option (2).

� Quick Tip

X-rays are commonly used in medical imaging, but excessive exposure can damage tis-
sues due to their high energy.

8. A point source is placed at the bottom of a tank containing a transparent
liquid (refractive index n) to a depth H. The area of the surface of the liquid
through which light from the source can emerge out is:
(A) πH2

(n−1)

(B) πH2

(n2−1)

(C) πH2
√
n2−1

(D) πH2

(n2+1)

Correct Answer: (B) πH2

(n2−1)

Solution: When light from a point source emerges from a liquid surface, it forms a circle
with radius r due to total internal reflection. The critical angle θc for total internal reflection
is given by the relation:

sin θc =
1

n
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The radius r of the circle on the surface is then:

r = H tan θc

Using the identity tan θc =
sin θc√
1−sin2 θc

, we can express r as:

r = H · 1√
n2 − 1

The area A of the circle is:

A = πr2 = π

(
H√

n2 − 1

)2

=
πH2

n2 − 1

Thus, the correct answer is option (C).

� Quick Tip

Total internal reflection is a key principle in optical fibers, where light is kept confined
within the core by repeatedly reflecting off the boundary.

9. In a photoelectric experiment with a material of work function 2.1 eV, the
stopping potential is found to be 2.5 V. The maximum kinetic energy of ejected
photoelectrons is:
(A) 0.4 eV
(B) 2.1 eV
(C) 2.5 eV
(D) 4.6 eV
Correct Answer: (C) 2.5 eV
Solution:
The maximum kinetic energy Kmax of the ejected photoelectrons can be calculated using the
formula:

Kmax = eVs

where Vs is the stopping potential. Given that Vs = 2.5V, we have:

Kmax = 2.5 eV

Therefore, the correct answer is option (C).

� Quick Tip

The stopping potential is the minimum voltage needed to halt the most energetic pho-
toelectrons and directly corresponds to their maximum kinetic energy.

10. When a p-n junction diode is forward biased:
(A) the barrier height and the depletion layer width both increase.
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(B) the barrier height increases and the depletion layer width decreases.
(C) the barrier height and the depletion layer width both decrease.
(D) the barrier height decreases and the depletion layer width increases.
Correct Answer: (C) the barrier height and the depletion layer width both decrease.
Solution: When a p-n junction diode is forward biased, the positive terminal of the power
supply is connected to the p-type side (anode) and the negative terminal to the n-type side
(cathode). This applied voltage opposes the built-in potential (also known as the barrier
potential) across the junction. As a result, the barrier height decreases, and the width of the
depletion region narrows.
The reduction in the depletion region allows the majority charge carriers (holes in the p-type
and electrons in the n-type) to overcome the reduced potential barrier more easily and cross
the junction. This movement of charge carriers leads to the flow of current through the diode.
Therefore, the correct answer is option (C).

� Quick Tip

Forward biasing a diode reduces the potential barrier to charge flow, making it eas-
ier for current to pass through the junction. This is the fundamental principle behind
diode operation in electronic circuits.

11. Let λe, λp, and λd be the wavelengths associated with an electron, a proton,
and a deuteron, all moving with the same speed. Then the correct relation
between them is:
(1) λd > λp > λe
(2) λe > λp > λd
(3) λp > λe > λd
(4) λe = λp = λd
Correct Answer: (2) λe > λp > λd
Solution: The de Broglie wavelength of a particle is given by the equation:

λ =
h

mv

where:
h is Planck’s constant,
m is the mass of the particle,
v is the velocity of the particle.
Since all three particles (electron, proton, and deuteron) have the same speed, the de Broglie
wavelength is inversely proportional to their masses:

λ ∝ 1

m

Now, let’s consider the masses of the particles:
me (electron) has the smallest mass,
mp (proton) has a larger mass,
md (deuteron) has the largest mass.
Therefore, their wavelengths follow the relationship:
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λe > λp > λd

Thus, the correct answer is option (2).

� Quick Tip

For particles moving at the same speed, the de Broglie wavelength is larger for lighter
particles. Compare the masses to determine the correct order of wavelengths.

12. Which of the following figures correctly represents the shape of the curve of
binding energy per nucleon as a function of mass number?

Correct Answer:

Solution: The binding energy per nucleon (B.E./A) as a function of the mass number A
exhibits a well-known trend:
It increases sharply for lighter nuclei.
It reaches its maximum value around A ≈ 56 (for Iron-56, the most stable nucleus).
It then gradually decreases for heavier nuclei.
The correct representation is Figure (B), which shows the binding energy per nucleon rising
and then leveling off around A = 56, in agreement with experimental data.
Therefore, the correct answer is option (2).

� Quick Tip

The peak in the binding energy curve at A = 56 (Iron-56) explains why both nuclear
fission and fusion release energy: lighter elements fuse to form iron, and heavier ele-
ments split to reach iron.

Note : Question numbers 13 to 16 are Assertion (A) and Reason (R) type questions. Two
statements are given — one labelled Assertion (A) and the other labelled Reason (R). Select
the correct answer from the codes (A), (B), (C) and (D) as given below.
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13. Assertion (A): We cannot form a p-n junction diode by taking a slab of a p-type
semiconductor and physically joining it to another slab of an n-type semiconductor.
Reason (R): In a p-type semiconductor ηe ≫ ηh while in an n-type semiconductor ηh ≫ ηe.
(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
the Assertion (A).
(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of the Assertion (A).
(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false and Reason (R) is also false.
Correct Answer: (C) Assertion (A) is true, but Reason (R) is false.
Solution: A p-n junction diode is formed by physically joining a p-type semiconductor with
an n-type semiconductor. However, the explanation given in the statement is incorrect. The
ratio of electron and hole concentrations does not directly influence the formation of a p-n
junction, as the junction can still form even when the carrier concentrations are different.
Therefore, Assertion (A) is true, but Reason (R) is false.

� Quick Tip

A p-n junction in semiconductors is created by combining p-type and n-type materials,
regardless of the relative concentrations of holes and electrons.

14. Assertion (A): The potential energy of an electron revolving in any stationary orbit in
a hydrogen atom is positive.
Reason (R): The total energy of a charged particle is always positive.
(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
the Assertion (A).
(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of the Assertion (A).
(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false and Reason (R) is also false.
Correct Answer: (D) Assertion (A) is false and Reason (R) is also false.
Solution: The potential energy of an electron in any stationary orbit within a hydrogen atom
is negative, not positive. The total energy of the electron is also negative, as the electron is in
a bound state within the atom. Therefore, both Assertion (A) and Reason (R) are incorrect.

� Quick Tip

In atomic physics, the total energy of an electron in a hydrogen atom is negative be-
cause the electron is bound to the nucleus.

15. Assertion (A): It is difficult to move a magnet into a coil of large number of turns when
the circuit of the coil is closed.
Reason (R): The direction of induced current in a coil with its circuit closed, due to motion
of a magnet, is such that it opposes the cause.
(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
the Assertion (A).
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(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of the Assertion (A).
(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false and Reason (R) is also false.
Correct Answer: (A) Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of the Assertion (A).
Solution: Lenz’s Law states that the induced current in a coil will always oppose the motion
of the magnet. As a result, the resistance encountered when attempting to move the magnet
into the coil can be attributed to the opposing force created by the induced current.
Therefore, both the Assertion and the Reason are true, with the Reason providing a correct
explanation for the Assertion.

� Quick Tip

Lenz’s Law indicates that the induced current’s direction always opposes the change
that causes it.

16. Assertion (A): The deflection in a galvanometer is directly proportional to the current
passing through it.
Reason (R): The coil of a galvanometer is suspended in a uniform radial magnetic field.
(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
the Assertion (A).
(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of the Assertion (A).
(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false and Reason (R) is also false.
Correct Answer: (B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not
the correct explanation of the Assertion (A).
Solution: The deflection in a galvanometer is proportional to the current passing through it,
according to the working principle of a moving coil galvanometer. However, the provided
reason is not directly related to the deflection, as the deflection arises from the torque on the
coil, which is dependent on the current. Therefore, both Assertion (A) and Reason (R) are
true, but Reason (R) does not correctly explain Assertion (A).

� Quick Tip

In a moving coil galvanometer, the deflection is directly proportional to the current
flowing through the coil.

SECTION - B

17. n identical cells, each of e.m.f E and internal resistance r, are connected in
series. Later on, it was found that two cells ‘X’ and ‘Y’ are connected in reverse
polarities. Calculate the potential difference across the cell ‘X’.
Correct Answer: 2E
Solution: When n identical cells are connected in series, the total effective e.m.f. is:
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Etotal = nE

If two cells are connected with reverse polarity, their individual e.m.f.s will subtract from the
total e.m.f., resulting in:

E′
total = (n− 2)E

The potential difference across a single reversed cell, labeled as ’X’, is equal to the sum of the
e.m.f.s of the reversed cells, which is:

VX = 2E

Therefore, the potential difference across cell ’X’ is 2E.

� Quick Tip

When a battery cell is reversed in a series circuit, its e.m.f. works in opposition to the
total e.m.f. of the circuit, reducing the overall voltage.

18(a). In a diffraction experiment, the slit is illuminated by light of wavelength
600 nm. The first minimum of the pattern falls at θ = 30◦. Calculate the width of
the slit.
Correct Answer: d = 1.2× 10−6 m
Solution: The condition for the first minimum in a single-slit diffraction pattern is expressed
by the equation:

a sin θ = mλ

For the first minimum, m = 1, so the equation becomes:

a sin 30◦ = (1)(600× 10−9m)

Since sin 30◦ = 0.5, this simplifies to:

a× 0.5 = 600× 10−9

Solving for a, we get:

a =
600× 10−9

0.5
= 1.2× 10−6m

Thus, the width of the slit is 1.2× 10−6m.

� Quick Tip

To calculate the width of a slit in a diffraction pattern, use the formula a sin θ = mλ,
where the wavelength and diffraction angle are known.
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18(b). In a Young’s double-slit experiment, two light waves, each of intensity I0,
interfere at a point, having a path difference λ

8 on the screen. Find the intensity
at this point.
Correct Answer: I = I0

(
1 + cos π

4

)
Solution: The total intensity in an interference pattern is given by the formula:

I = I1 + I2 + 2
√

I1I2 cos δ

Since I1 = I2 = I0, this simplifies to:

I = 2I0(1 + cos δ)

The phase difference δ is related to the path difference by the equation:

δ =
2π

λ
× λ

8
=

π

4

Substituting this value of δ into the intensity formula gives:

I = 2I0

(
1 + cos

π

4

)
Since cos π

4 = 1√
2
, we obtain:

I = I0

(
1 +

1√
2

)
Thus, the intensity at this point is I0

(
1 + cos π

4

)
.

� Quick Tip

In Young’s double-slit experiment, the phase difference δ is related to the path differ-
ence by δ = 2π

λ × path difference.

19. A double convex lens of glass has both faces of the same radius of curvature
17 cm. Find its focal length if it is immersed in water. The refractive indices of
glass and water are 1.5 and 1.33 respectively.
Solution: The focal length f of a lens in a given medium can be determined using the lens
maker’s formula:

1

f
= (nlens − nmedium)

(
1

R1
− 1

R2

)
For a double convex lens, we have R1 = 17 cm and R2 = −17 cm. The refractive index of the
lens material (glass) is nlens = 1.5, and the refractive index of the surrounding medium
(water) is nmedium = 1.33. Substituting these values into the formula:

1

f
= (1.5− 1.33)

(
1

17
− 1

−17

)
1

f
= 0.17

(
2

17

)
= 0.17× 2

17
= 0.02 cm−1
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Thus, the focal length is:

f =
1

0.02
= 50 cm

Therefore, the focal length of the lens when submerged in water is 50 cm.

� Quick Tip

The focal length of a lens changes when it is placed in a medium other than air, due to
the variation in the relative refractive index.

20. An electron in Bohr model of hydrogen atom makes a transition from energy
level −1.51 eV to −3.40 eV. Calculate the change in the radius of its orbit. The
radius of orbit of electron in its ground state is 0.53 Å.
Solution: The radius rn of the electron’s orbit in the Bohr model is given by:

rn = r1n
2

where r1 = 0.53 Å is the radius of the ground state orbit, and n is the principal quantum
number.
The energy levels are given by:

En = −13.6 eV

n2

For En = −1.51 eV:

−1.51 = −13.6

n21
=⇒ n21 =

13.6

1.51
=⇒ n1 = 3

For En = −3.40 eV:

−3.40 = −13.6

n22
=⇒ n22 =

13.6

3.40
=⇒ n2 = 2

The radii of the orbits are:
rn1 = r1n

2
1 = 0.53× 9 = 4.77 Å

rn2 = r1n
2
2 = 0.53× 4 = 2.12 Å

The change in radius is:

∆r = rn1 − rn2 = 4.77− 2.12 = 2.65 Å

Thus, the change in the radius of the orbit is 2.65 Å.

� Quick Tip

In the Bohr model, the radius of the electron’s orbit is proportional to the square of
the principal quantum number n.

21. A p-type Si semiconductor is made by doping an average of one dopant atom
per 5× 107 silicon atoms. If the number density of silicon atoms in the specimen
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is 5× 1028 atoms m−3, find the number of holes created per cubic centimetre in
the specimen due to doping. Also give one example of such dopants.
Solution:
The number density of silicon atoms is 5× 1028 atoms/m3, and the doping ratio is 1 dopant
atom for every 5× 107 silicon atoms. Therefore, the dopant atom density per cubic metre is
calculated as:

Dopant density =
5× 1028

5× 107
= 1021 atoms/m3

Since each dopant atom introduces one hole, the number of holes per cubic metre is 1021. To
convert this value to per cubic centimetre:

Holes per cm3 = 1021 × 10−6 = 1015 holes/cm3

An example of such a dopant is Boron (B), a trivalent impurity that creates p-type
semiconductors.

� Quick Tip

Doping with trivalent impurities like Boron introduces holes in the semiconductor, re-
sulting in p-type conductivity.

22(a). Two batteries of emf’s 3V & 6V and internal resistances 0.2 & 0.4 are
connected in parallel. This combination is connected to a 4 resistor. Find:
(i) the equivalent emf of the combination
(ii) the equivalent internal resistance of the combination
(iii) the current drawn from the combination
Correct Answer: (i) Equivalent emf = 4V
(ii) Equivalent internal resistance = 0.133Ω
(iii) Current drawn = 0.968A
Solution: For two batteries connected in parallel, the equivalent emf Eeq and the equivalent
internal resistance req are calculated as follows:

Eeq =
E1r2 + E2r1

r1 + r2

req =
r1r2

r1 + r2
Given:
E1 = 3V, r1 = 0.2Ω
E2 = 6V, r2 = 0.4Ω
(i) To calculate the equivalent emf:

Eeq =
(3× 0.4) + (6× 0.2)

0.2 + 0.4
=

1.2 + 1.2

0.6
=

2.4

0.6
= 4V

(ii) To calculate the equivalent internal resistance:

req =
0.2× 0.4

0.2 + 0.4
=

0.08

0.6
= 0.133Ω
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(iii) To find the current drawn from the combination: The total resistance of the circuit is:

Rtotal = req +R = 0.133 + 4 = 4.133Ω

Now, using Ohm’s law, the current I is:

I =
Eeq

Rtotal
=

4

4.133
= 0.968A

� Quick Tip

When batteries are connected in parallel, the equivalent emf is a weighted average of
the individual emfs, and the equivalent internal resistance is always lower than the
smallest individual internal resistance.

22(b). (i) A conductor of length l is connected across an ideal cell of emf E.
Keeping the cell connected, the length of the conductor is increased to 2l by
gradually stretching it. If R and R′ are initial and final values of resistance and vd
and v′d are initial and final values of drift velocity, find the relation between:
(i) R′ and R
(ii) v′d and vd
(ii) When electrons drift in a conductor from lower to higher potential, does it
mean that all the ‘free electrons’ of the conductor are moving in the same
direction?
Correct Answer: (i) R′ = 4R
(ii) v′d = 2vd
(iii) No, not all free electrons move in the same direction.
Solution:
(i) Relation between R′ and R: Resistance R of a conductor is given by:

R = ρ
l

A

When the length is increased to 2l, the cross-sectional area A decreases to A
2 (assuming

volume remains constant). Thus:

R′ = ρ
2l

A/2
= 4ρ

l

A
= 4R

So, R′ = 4R.
(ii) Relation between v′d and vd: Drift velocity vd is given by:

vd =
I

neA

When the length is doubled, the current I remains the same (since the cell is ideal), but the
cross-sectional area A is halved. Thus:

v′d =
I

ne(A/2)
= 2

I

neA
= 2vd

So, v′d = 2vd.
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(ii) Direction of free electrons: No, not all free electrons move in the same direction. Electrons
move randomly due to thermal motion, but there is a net drift in the direction opposite to the
electric field (from lower to higher potential).

� Quick Tip

When a conductor is stretched, its resistance increases due to the increase in length
and decrease in cross-sectional area, while the drift velocity increases due to the re-
duced cross-sectional area.

23. A particle of charge q is moving with a velocity v⃗ at a distance d from a long
straight wire carrying a current I as shown in the figure. At this instant, it is
subjected to a uniform electric field E⃗ such that the particle keeps moving
undeviated. In terms of unit vectors î, ĵ, and k̂, find:
(a) the magnetic field B⃗,
(b) the magnetic force F⃗m, and
(c) the electric field E⃗ acting on the charge.

Correct Answers: (a) B⃗ = µ0I
2πd k̂

(b) F⃗m = qvBĵ

(c) E⃗ = −qvBĵ

Solution:
(a) Magnetic Field B⃗ The magnetic field around a long straight current-carrying wire is
described by Ampère’s law:

B =
µ0I

2πd

According to the right-hand rule, the magnetic field direction at a distance d above the wire is
along the positive k̂-direction (out of the plane). Therefore, the magnetic field vector is:

B⃗ =
µ0I

2πd
k̂

(b) Magnetic Force F⃗m The force on a charged particle moving in a magnetic field is given by:

F⃗m = q(v⃗ × B⃗)
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Given the following: - v⃗ = vî (velocity along the x-axis), - B⃗ = Bk̂ (magnetic field along the
z-axis),
Using the cross product:

v⃗ × B⃗ = (vî)× (Bk̂)

From the vector identity î× k̂ = −ĵ, we obtain:

F⃗m = qvB(−ĵ)

Thus, the magnetic force on the particle is:

F⃗m = −qvBĵ

(c) Electric Field E⃗ Since the particle moves without deviation, the net force acting on it
must be zero. This implies that the electric force F⃗e = qE⃗ must exactly cancel out the
magnetic force. Therefore, we have:

qE⃗ = −F⃗m

Substituting F⃗m = −qvBĵ:

qE⃗ = qvBĵ

Dividing both sides by q:

E⃗ = vBĵ

Thus, the required electric field is:

E⃗ = vBĵ

� Quick Tip

To determine the direction of the magnetic field around a current-carrying wire, use
the right-hand rule: Point your thumb in the direction of the current, and your fingers
curl in the direction of the magnetic field B⃗.

24. An ac source of voltage v = vm sinωt is connected to a series combination of
LCR circuit. Draw the phasor diagram. Using it, obtain an expression for the
impedance of the circuit and the phase difference between applied voltage and
the current.
Solution:
The impedance of the LCR circuit is given by:

Z =

√
R2 +

(
ωL− 1

ωC

)2
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where R is the resistance, L is the inductance, and C is the capacitance. The phase difference
ϕ between the applied voltage and the current is given by:

tanϕ =
ωL− 1

ωC

R

The current lags the voltage by the phase angle ϕ, which can be visualized in the phasor
diagram.

� Quick Tip

The phase difference between the voltage and current in an LCR circuit depends on the
relative magnitudes of the inductive reactance (ωL) and capacitive reactance ( 1

ωC ).

25. (a) A parallel plate capacitor is charged by an ac source. Show that the sum
of conduction current (Ic) and the displacement current (Id) has the same value
at all points of the circuit.
Solution:
In an AC circuit with a parallel plate capacitor, the conduction current Ic refers to the
current flowing through the resistor or conductive path, while the displacement current Id is
generated due to the changing electric field between the plates of the capacitor. The
displacement current is given by the equation:

Id = ϵ0A
dE

dt

where A is the area of the capacitor plates, and dE
dt is the rate of change of the electric field.

In a steady AC circuit, the conduction current and the displacement current are equal,
ensuring that the total current remains continuous throughout the circuit.

� Quick Tip

In AC circuits, the displacement current is equal to the conduction current, which en-
sures that Kirchhoff’s current law still holds in circuits with capacitors.
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25. (b) In case (a) above, is Kirchhoff’s first rule (junction rule) valid at each
plate of the capacitor? Explain.
Solution:
Yes, Kirchhoff’s first rule (the junction rule) holds true at each plate of the capacitor. The
junction rule states that the total current entering a junction must be equal to the total
current leaving it. In the case of a capacitor, both the conduction current and the
displacement current contribute to the overall current at the plates. The displacement current
ensures the continuity of current flow in the capacitor, allowing Kirchhoff’s current law to
remain valid even at the capacitor plates.

� Quick Tip

Kirchhoff’s current law applies to circuits with capacitors as well, with the displace-
ment current maintaining the continuity of charge flow.

26. (a) Mention any three features of results of experiment on photoelectric effect
which cannot be explained using the wave theory of light.
Solution:
The four features of the photoelectric effect that cannot be explained using the wave theory of
light are:
1. The photoelectric effect occurs instantaneously when light of a frequency higher than the
threshold frequency strikes the metal surface. The wave theory suggests that there should be
a delay in the emission of electrons.
2. The kinetic energy of the emitted electrons depends on the frequency of the incident light,
not its intensity.
According to wave theory, the energy should depend on the intensity of the light.
3. The photoelectric effect cannot take place below a certain threshold frequency, regardless
of the light intensity. Wave theory predicts there should be no threshold, with intensity
controlling the emission instead.

� Quick Tip

Einstein’s explanation of the photoelectric effect is based on the particle theory of
light, where light is considered as quanta (photons).

26. (b) In his experiment on photoelectric effect, Robert A. Millikan found the
slope of the cut-off voltage versus frequency of incident light plot to be
4.12× 10−15Vs. Calculate the value of Planck’s constant from it.
Solution:
The relationship between the cut-off voltage Vcut and the frequency of light is given by:

eVcut = hf − ϕ

where:
e is the electron charge,
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Vcut is the cut-off voltage,
h is Planck’s constant,
f is the frequency of the incident light, and
ϕ is the work function of the metal.
The slope of the graph of Vcut versus frequency f is given by:

Slope =
h

e

Given that the slope is 4.12× 10−15Vs, we can calculate Planck’s constant h using the
formula:

h = Slope× e

Substituting the value of e = 1.6× 10−19C:

h = (4.12× 10−15Vs)× (1.6× 10−19C) = 6.592× 10−34 J·s

� Quick Tip

The slope of the plot of cut-off voltage versus frequency provides a direct method for
calculating Planck’s constant using the equation eVcut = hf − ϕ.

27. (a) Draw circuit arrangement for studying V-I characteristics of a p-n
junction diode.
Solution:
The circuit setup for studying the V-I characteristics of a p-n junction diode includes the
following components:
1. A DC power supply to provide a variable voltage.
2. A p-n junction diode connected in series with a resistor.
3. A voltmeter to measure the voltage across the diode.
4. An ammeter to measure the current flowing through the diode.
The power supply is adjusted to apply both forward and reverse voltages to the diode.
Current measurements are taken for various voltage values to plot the V-I characteristics.

� Quick Tip

In a standard V-I characteristic experiment, both forward and reverse biases are ap-
plied to observe the current’s behavior across the p-n junction.

27. (b) Show the shape of the characteristics of a diode.
Solution:
The V-I characteristics of a diode exhibit the following behavior:
1. In the forward bias region, when the applied voltage exceeds the threshold (usually around
0.7 V for silicon), the current increases exponentially as the voltage rises.
2. In the reverse bias region, the current remains extremely small (ideally zero) until the
reverse breakdown voltage is reached.

22



The resulting graph shows an exponential increase in current in the forward bias region and a
nearly flat response in the reverse bias region (until breakdown occurs).

� Quick Tip

The diode’s V-I characteristic curve illustrates rectification: it permits current flow eas-
ily in the forward direction and blocks it in the reverse direction.

27. (c) Mention two information that you can get from these characteristics.
Solution:
From the V-I characteristics of a diode, the following information can be determined:
1. The threshold voltage (or cut-off voltage), which is the minimum voltage needed for the
diode to start conducting in the forward direction.
2. The reverse breakdown voltage, which is the voltage at which the diode begins to conduct
in the reverse direction, potentially leading to damage.

� Quick Tip

The threshold voltage is essential for understanding when a diode begins to conduct in
the forward direction, while the reverse breakdown voltage indicates the diode’s toler-
ance to reverse bias.

28(a). Define ‘Mass defect’ and ‘Binding energy’ of a nucleus. Describe ‘Fission
process’ on the basis of binding energy per nucleon.
Solution:
Mass Defect:
The mass defect (∆m) is the difference between the total mass of the individual nucleons
(protons and neutrons) in a nucleus and the actual measured mass of the nucleus. It is
calculated as:

∆m = Zmp + (A− Z)mn −mnucleus

where:
Z is the number of protons,
A− Z is the number of neutrons,
mp and mn are the masses of a proton and a neutron, respectively,
mnucleus is the actual mass of the nucleus.
Binding Energy: Binding energy (Eb) is the energy needed to separate a nucleus into its
individual protons and neutrons. According to Einstein’s mass-energy equivalence, it is given
by:

Eb = ∆m · c2

where:
c is the speed of light (3.0× 108 m/s),
∆m is the mass defect.
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Fission Process and Binding Energy Per Nucleon: Nuclear fission occurs when a heavy
nucleus splits into two or more lighter nuclei, releasing a significant amount of energy. This
process can be explained using the concept of binding energy per nucleon:

Binding Energy per Nucleon =
Eb

A

For heavy nuclei (such as Uranium-235), the binding energy per nucleon is lower compared to
that of medium-sized nuclei. When a heavy nucleus undergoes fission, the resulting smaller
nuclei have a higher binding energy per nucleon, which results in the release of energy. This
released energy is harnessed in nuclear power generation and atomic bombs.

� Quick Tip

The greater the binding energy per nucleon, the more stable the nucleus. The most
stable nucleus in nature is Iron-56.

28(b). A deuteron contains a proton and a neutron and has a mass of 2.013553 u.
Calculate the mass defect for it in u and its energy equivalence in MeV.
Given:
mp = 1.007277 u, mn = 1.008665 u, 1 u = 931.5 MeV/c2.
Correct Answer: Mass defect ∆m = 0.002389 u
Binding energy Eb = 2.224 MeV
Solution:
Step 1: Calculate the Mass Defect Mass defect is given by:

∆m = (mp +mn)−mdeuteron

Substituting values:
∆m = (1.007277 + 1.008665)− 2.013553

∆m = 2.015942− 2.013553

∆m = 0.002389 u

Step 2: Calculate the Binding Energy Binding energy is given by:

Eb = ∆m× 931.5 MeV

Substituting ∆m = 0.002389 u:

Eb = 0.002389× 931.5

Eb ≈ 2.224 MeV

Thus, the mass defect is 0.002389 u, and the binding energy is 2.224 MeV.
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� Quick Tip

Mass defect arises due to the conversion of missing mass into energy, which holds the
nucleus together. This is why nuclear reactions release enormous energy.

SECTION - D

29. (i) A thin lens is a transparent optical medium bounded by two surfaces, at
least one of which should be spherical. Applying the formula for image formation
by a single spherical surface successively at the two surfaces of a lens, one can
obtain the ’lens maker formula’ and then the ’lens formula’. A lens has two foci -
called ’first focal point’ and ’second focal point’ of the lens, one on each side.

Consider the arrangement shown in figure. A black vertical arrow and a
horizontal thick line with a ball are painted on a glass plate. It serves as the
object. When the plate is illuminated, its real image is formed on the screen.
Which of the following correctly represents the image formed on the screen?

Correct Answer: (B)
Solution:
The image formed by a thin lens can be determined using the lens formula:

1

f
=

1

v
− 1

u

where:
f is the focal length,
v is the image distance,
u is the object distance.
A lens has two focal points, one on each side, where light either converges or diverges
depending on the type of lens (convex or concave).
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� Quick Tip

The lens formula is essential for understanding how the object distance, image dis-
tance, and focal length are related in lens systems.
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29. (ii) Which of the following statements is incorrect?
(A) For a convex mirror magnification is always negative.
(B) For all virtual images formed by a mirror magnification is positive.
(C) For a concave lens magnification is always positive.
(D) For real and inverted images, magnification is always negative.
Correct Answer: (C) For a concave lens magnification is always positive.
Solution:
For a concave lens, the magnification is always negative. This is because a concave lens forms
a virtual, upright, and diminished image. The negative sign for magnification indicates that
the image is virtual, which is a key characteristic of concave lenses. Since the image is virtual,
it cannot be projected onto a screen, and it is smaller than the object. This means that
option (C) is incorrect.
The other statements are consistent with the typical behavior of mirrors and lenses, as they
describe properties that align with the physics of concave lenses.

� Quick Tip

In the case of mirrors and lenses, the magnification sign depends on the type of image
formed—whether it is real or virtual—and its orientation (upright or inverted).

29. (iii) A convex lens of focal length f is cut into two equal parts perpendicular
to the principal axis. The focal length of each part will be:
(A) f
(B) 2f
(C) f

2

(D) f
4

Correct Answer: (C) f
2

Solution: When a convex lens is cut into two equal parts perpendicular to the principal axis,
the focal length of each part is halved. The new focal length f ′ of each part is:

f ′ =
f

2

This is because the lens curvature increases when it is cut in half, effectively reducing the
focal length.

� Quick Tip

Cutting a lens along its principal axis changes its curvature, and this reduces the focal
length in this case by half.

OR

29(iii). If an object in case (i) above is 20 cm from the lens and the screen is 50
cm away from the object, the focal length of the lens used is:
(1) 10 cm
(2) 12 cm
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(3) 16 cm
(4) 20 cm
Correct Answer: (2) 12 cm
Solution:
To find the focal length, we use the lens formula:

1

f
=

1

v
− 1

u

where:
u = −20 cm (object distance, taken as negative by convention),
v = 50− 20 = 30 cm (image distance),
f is the focal length.
Substituting the given values into the formula:

1

f
=

1

30
− 1

−20

1

f
=

1

30
+

1

20

Now, to combine the fractions, we find the least common multiple (LCM) of 30 and 20:

1

f
=

2

60
+

3

60
=

5

60

Solving for f :

f =
60

5
= 12 cm

Thus, the focal length of the lens is 12 cm, so the correct answer is (2).

� Quick Tip

When using the lens formula, remember to apply the appropriate sign conventions: the
object distance is negative for real objects in convex lenses.

29(iv). The distance of an object from the first focal point of a biconvex lens is
X1 and the distance of the image from the second focal point is X2. The focal
length of the lens is:
(1) X1X2

(2)
√
X1 +X2

(3)
√
X1X2

(4)
√

X2

X1

Correct Answer: (3)
√
X1X2

Solution: From the properties of a biconvex lens, the focal length f is given by the geometric
mean of the distances X1 and X2:

f =
√

X1X2
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This relation is derived from the lens formula and paraxial approximation when the object
and image distances are measured from the focal points.
Thus, the correct answer is (3)

√
X1X2.

� Quick Tip

The focal length of a biconvex lens can be estimated using the geometric mean of ob-
ject and image distances when measured from their respective focal points.

30. A circuit consisting of a capacitor C, a resistor of resistance R and an ideal
battery of emf V, as shown in figure is known as RC series circuit.
As soon as the circuit is completed by closing key S (keeping S open) charges
begin to flow between the capacitor plates and the battery terminals. The charge
on the capacitor increases and consequently the potential difference Vc (= q/C)
across the capacitor also increases with time. When this potential difference
equals the potential difference across the battery, the capacitor is fully charged
(Q = VC). During this process of charging, the charge q on the capacitor changes
with time t as
q = Q[1 - e( − t/RC)]
The charging current can be obtained by differentiating it and using
d/dx (e(mx)) = me(mx)
Consider the case when R = 20 k, C = 500 F and V = 10 V.
(I) The final charge on the capacitor, when key S1 is closed and S2 is open, is:

(A) 5µC
(B) 5mC
(C) 25mC

(D) 0.1C
Correct Answer: (B) 5mC
Solution:
When key S1 is closed and S2 is open, the capacitor fully charges, and the final charge Q on
the capacitor is given by the formula:
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Q = C · V

where:
C = 500µF = 500× 10−6 F (capacitance),
V = 10V (voltage).
Substituting the values:

Q = 500× 10−6 × 10 = 5mC

Thus, the final charge on the capacitor is 5mC.

� Quick Tip

The charge on a capacitor is determined by multiplying its capacitance by the voltage
across it.

30. (ii) For sufficient time, the key S1 is closed and S2 is open. Now key S2 is
closed and S1 is open. What is the final charge on the capacitor?
(A) Zero
(B) 5mC
(C) 2.5mC
(D) 5µC
Correct Answer: (B) 5mC
Solution:
When key S1 is closed and S2 is open, the capacitor begins charging and eventually reaches a
voltage of V = 10V . At this point, the capacitor is fully charged. The charge Q on the
capacitor is calculated using the formula:

Q = C · V

where:
C = 500µF = 500× 10−6 F is the capacitance,
V = 10V is the voltage.
Substituting the values into the equation:

Q = 500× 10−6 × 10 = 5mC

Now, when key S2 is closed, the capacitor is effectively disconnected from any additional
charge path, meaning the charge on the capacitor cannot change. The charge remains
constant because the capacitor is not connected to a discharge path or a load. Thus, the final
charge on the capacitor, even after closing S2, remains 5mC.
In conclusion, the final charge on the capacitor is 5mC, as the charge remains constant unless
the capacitor is connected to a discharge path.

� Quick Tip

Once a capacitor is fully charged, its charge will remain the same unless it is connected
to a discharge path or load, which would allow the charge to flow.
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30. (iii) The dimensional formula for RC is:
(A) [ML2T−3A−2]
(B) [M0L0T−1A0]
(C) [M−1L−2T 4A2]
(D) [M0L0T 1A0]
Correct Answer: (A) [ML2T−3A−2]
Solution: The dimensional formula for RC can be derived as follows: - R (Resistance) has
dimensions [ML2T−3A−2]. - C (Capacitance) has dimensions [M−1L−2T 4A2].
Thus, the dimensional formula for RC is:

[ML2T−3A−2]

� Quick Tip

Dimensional analysis helps in understanding the relationships between physical quanti-
ties, such as resistance and capacitance.

30. (iv) The key S1 is closed and S2 is open. The value of current in the resistor
after 5 seconds is:
(A) 1

2
√
e
mA

(B)
√
emA

(C) 1√
e
mA

(D) 1
2e mA

Correct Answer: (C) 1√
e
mA

Solution: The current in the resistor during the charging process of the capacitor is given by:

I(t) =
V

R
e−t/(RC)

After 5 seconds, the value of current will be:

I(5) =
10

20× 103
e−5/(RC)

where R = 20 kΩ and C = 500µF . Solving gives the final result of current after 5 seconds as
1√
e
mA.

� Quick Tip

During the charging of a capacitor, the current decays exponentially as the capacitor
charges up.

OR

30. (iv) The key S1 is closed and S2 is open. The initial value of charging current
in the resistor, is:
(A) 5 mA
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(B) 0.5 mA
(C) 2 mA
(D) 1 mA
Correct Answer: (B) 0.5 mA
Solution: The initial current when the capacitor begins charging is given by Ohm’s Law:

I(0) =
V

R

where V = 10V (battery voltage) and R = 20 kΩ. Therefore:

I(0) =
10

20× 103
= 0.5mA

Thus, the initial current is 0.5mA.

� Quick Tip

The initial current during the charging of a capacitor is determined by the battery
voltage and the resistance in the circuit, calculated using Ohm’s Law.

SECTION - E

31(a)(i). (1) What are coherent sources? Why are they necessary for observing a
sustained interference pattern?
Solution: Definition of Coherent Sources: Coherent sources are two or more sources of light
that emit waves with a constant phase difference and the same frequency.
Importance for Interference:
For a sustained interference pattern:
The phase difference between the waves must remain constant over time.
If the sources are incoherent, the phase difference changes randomly, leading to the
destruction of the interference pattern.
Thus, coherent sources are essential to produce stable and visible interference fringes.

� Quick Tip

Laser light is an example of a coherent source, which is why it is commonly used in
interference experiments.

31(a)(i). (2) Lights from two independent sources are not coherent. Explain.
Solution: Two independent sources of light are not coherent because:
They emit light waves independently, leading to random phase variations.
The atomic emissions of different sources are spontaneous and uncorrelated.
Even if they have the same frequency, their phase difference changes continuously.
As a result, two independent sources cannot produce sustained interference patterns.
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� Quick Tip

To obtain coherent sources, a single source is often split into two, such as in Young’s
double-slit experiment.

31(a)(ii). Two slits 0.1 mm apart are arranged 1.20 m from a screen. Light of
wavelength 600 nm from a distant source is incident on the slits.
(1) How far apart will adjacent bright interference fringes be on the screen?
Correct Answer: y = 7.2 mm
Solution: The fringe width in Young’s double-slit experiment is given by:

y =
λD

d

where:
λ = 600 nm = 600× 10−9 m (wavelength),
D = 1.2 m (distance to the screen),
d = 0.1 mm = 1.0× 10−4 m (slit separation).
Substituting values:

y =
(600× 10−9)(1.2)

1.0× 10−4

y =
7.2× 10−4

10−4
= 7.2× 10−3 m = 7.2 mm

Thus, the fringe width is 7.2 mm.

� Quick Tip

Fringe width increases with wavelength and distance to the screen but decreases with
increasing slit separation.

31(a)(ii). (2) Find the angular width (in degrees) of the first bright fringe.
Correct Answer: θ = 0.034◦

Solution: The angular width is given by:

θ =
λ

d

Substituting values:

θ =
600× 10−9

1.0× 10−4

θ = 6.0× 10−3 rad

Converting to degrees:

θ = 6.0× 10−3 × 180

π
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θ ≈ 0.034◦

Thus, the angular width is 0.034°.

� Quick Tip

Angular width is independent of the screen distance but depends on the wavelength
and slit separation.

OR

31(b)(i). Define a wavefront. An incident plane wave falls on a convex lens and
gets refracted through it. Draw a diagram to show the incident and refracted
wavefront.
Solution:
Definition of a Wavefront:
A wavefront is a surface of constant phase representing the positions of points in a wave that
oscillate in unison.
Refraction through a Convex Lens:
A plane wavefront incident on a convex lens converges after refraction.
The refracted wavefront is spherical and converges towards the focal point of the lens.

� Quick Tip

Wavefronts change shape according to Huygens’ principle when passing through optical
elements like lenses.

31(b)(ii). A beam of light coming from a distant source is refracted by a spherical
glass ball (refractive index 1.5) of radius 15 cm. Draw the ray diagram and
obtain the position of the final image formed.
Solution: Using the lens-maker’s formula for a spherical refracting surface:

n2
v

− n1
u

=
(n2 − n1)

R

where:
n1 = 1.0 (air),
n2 = 1.5 (glass),
u = ∞ (distant object),
R = 15 cm (radius of curvature),
v is the image distance.
Since u = ∞, the formula simplifies to:

1.5

v
=

0.5

15
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v =
1.5× 15

0.5
= 45 cm

Thus, the final image is formed at 45 cm inside the sphere.

� Quick Tip

For refraction at a curved surface, use the lens-maker’s equation, keeping sign conven-
tions in mind.

32. (a)(i) Two point charges 5µC and −1µC are placed at points (−3 cm, 0, 0) and
(3 cm, 0, 0) respectively. An external electric field E⃗ = A

r2 r̂ where A = 3× 105V/m is
switched on in the region. Calculate the change in electrostatic energy of the
system due to the electric field.
Solution:
The electrostatic potential energy U of a system of point charges is given by the formula:

U =
1

4πϵ0

∑
i<j

qiqj
rij

where qi and qj are the point charges, and rij is the distance between them.

The change in energy due to the external electric field E⃗ is given by the work done by the
electric field on the system, which is:

∆U = −
∑
i

qiE⃗ · r⃗i

Here, the charges are placed at (−3 cm, 0, 0) and (3 cm, 0, 0), and the electric field E⃗ = A
r2 r̂ is

acting on them.
The calculations will involve evaluating the work done on each charge and summing them up.

� Quick Tip

When an external electric field is applied, the change in electrostatic energy can be cal-
culated by finding the work done by the electric field on the system of charges.

32. (a)(ii) A system of two conductors is placed in air and they have net charge of
+80µC and −80µC which causes a potential difference of 16 V between them.
(1) Find the capacitance of the system.
(2) If the air between the capacitor is replaced by a dielectric medium of dielectric
constant 3, what will be the potential difference between the two conductors?
(3) If the charges on two conductors are changed to +160µC and −160µC, will the
capacitance of the system change? Give reason for your answer.
Solution:
The capacitance C of the system can be calculated using the formula for capacitance:

C =
Q

V

35



where:
Q = 80µC = 80× 10−6C,
V = 16V.
Therefore, the capacitance is:

C =
80× 10−6

16
= 5µF

(ii) When the dielectric constant k = 3 is inserted, the capacitance increases by a factor of k.
The new capacitance C ′ becomes:

C ′ = kC = 3× 5µF = 15µF

Since Q = C ′V ′, and the charge Q remains the same, the new potential difference V ′ is:

V ′ =
Q

C ′ =
80× 10−6

15× 10−6
= 5.33V

(iii) The capacitance of the system depends only on the geometry of the conductors and the
dielectric constant of the medium between them, not the charges. Therefore, if the charges
are doubled, the capacitance remains unchanged. The capacitance will still be 5µF , because
capacitance is independent of the charge.

� Quick Tip

Capacitance depends on the geometry of the conductors and the dielectric material,
not the amount of charge.

OR

32(b)(i). Consider three metal spherical shells A, B, and C, each of radius R.
Each shell has a concentric metal ball of radius R/10. The spherical shells A, B,
and C are given charges +6q,−4q, and 14q respectively. Their inner metal balls are
also given charges −2q,+8q, and −10q respectively. Compare the magnitude of the
electric fields due to shells A, B, and C at a distance 3R from their centers.
Solution: The electric field at a distance 3R from the center of a spherical shell depends only
on the net charge enclosed and is given by Gauss’s law:

E =
1

4πϵ0

Qnet

r2

where Qnet is the total charge enclosed by each shell.
Step 1: Calculate Net Charge on Each Shell - For Shell A:

QA = 6q + (−2q) = 4q

- For Shell B:
QB = −4q + 8q = 4q

- For Shell C:
QC = 14q + (−10q) = 4q

Since the total charge enclosed for all three shells is the same (4q), the magnitude of the
electric field at a distance 3R is identical for all:
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EA = EB = EC =
1

4πϵ0

4q

(3R)2

Thus, the electric fields due to shells A, B, and C at a distance 3R are equal.

� Quick Tip

According to Gauss’s law, the electric field outside a spherical shell behaves as if all the
charge were concentrated at its center.

32(b)(ii). A charge −6µC is placed at the center B of a semicircle of radius 5 cm,
as shown in the figure. An equal and opposite charge is placed at point D at a
distance of 10 cm from B. A charge +5µC is moved from point ‘C’ to point ‘A’
along the circumference. Calculate the work done on the charge.

Solution:
Work done in moving a charge in an electrostatic field depends only on the potential
difference between the initial and final positions. The work done is given by:

W = q∆V

where: - W is the work done, - q = 5µC = 5× 10−6C, - ∆V = VA − VC (potential difference
between points A and C).
Since both C and A are on the same equipotential surface (same radial distance from the
center B), their potential is the same:

VA = VC

Thus, the potential difference:
∆V = VA − VC = 0

W = (5× 10−6)× 0 = 0

Thus, no work is done on the charge.

� Quick Tip

Work done in moving a charge along an equipotential surface is always zero because
there is no change in electric potential.

33. (a)(i) A proton moving with velocity V in a non-uniform magnetic field traces
a path as shown in the figure. The path followed by the proton is always in the
plane of the paper. What is the direction of the magnetic field in the region near
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points P, Q, and R? What can you say about relative magnitude of magnetic
fields at these points?

Solution:
The direction of the magnetic field at points P, Q, and R can be determined using the
right-hand rule for the motion of charged particles in a magnetic field. The proton
experiences a force that is always perpendicular to both its velocity and the magnetic field.
At point P, the magnetic field is directed into the page.
At point Q, the magnetic field is directed out of the page.
At point R, the magnetic field is again directed into the page.
The relative magnitude of the magnetic fields increases as the proton moves from point P to
point Q, and decreases again as it moves from Q to R.

� Quick Tip

Use the right-hand rule to determine the direction of the magnetic field based on the
direction of motion of a positively charged particle.

33. (a)(ii) A current carrying circular loop of area A produces a magnetic field B

at its centre. Show that the magnetic moment of the loop is 2BA
µ0

√
A
π .

Solution:
The magnetic moment µ of a current loop is defined as:

µ = I · A

where I is the current and A is the area of the loop. The magnetic field at the centre of the
loop due to the current is given by:

B =
µ0IA

2R2

where R is the radius of the loop. Using the relationship between current and magnetic
moment, we can express the current I in terms of the magnetic moment:

I =
µ

A

Substituting this into the equation for B, we obtain the desired expression for the magnetic
moment.

� Quick Tip

The magnetic moment of a current loop is directly proportional to both the current
and the area of the loop.
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OR

33. (b)(i) Derive an expression for the torque acting on a rectangular current
loop suspended in a uniform magnetic field.
Solution:
The torque τ on a current loop in a magnetic field is given by:

τ = µB sin θ

where:
µ is the magnetic moment of the loop,
B is the magnetic field strength,
θ is the angle between the magnetic moment and the magnetic field.
For a rectangular loop, the magnetic moment µ is:

µ = I · A

where I is the current and A is the area of the loop. The torque acts to rotate the loop until
the magnetic moment aligns with the magnetic field.

� Quick Tip

Torque on a current loop in a magnetic field is maximum when the angle between the
magnetic moment and the field is 90 degrees.

33. (b)(ii) A charged particle is moving in a circular path with velocity V in a
uniform magnetic field B⃗. It is made to pass through a sheet of lead and as a
consequence, it looses one half of its kinetic energy without change in its
direction. How will (1) the radius of its path change? (2) its time period of
revolution change?
Solution:
(1) The radius of the path will decrease. Since the kinetic energy is reduced by half, the
velocity decreases. The radius of a charged particle’s path in a magnetic field is given by:

r =
mv

qB

Since the velocity v is halved, the radius will also be halved.
(2) The time period of revolution will remain unchanged. The time period of revolution T for
a charged particle moving in a magnetic field is given by:

T =
2πm

qB

Since the magnetic field B and the charge q are constant, the time period is independent of
the kinetic energy, and hence remains the same.

� Quick Tip

A reduction in kinetic energy affects the velocity and radius of a charged particle’s cir-
cular path but does not change its time period of revolution.
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