
CBSE Class 12 Physics 2025 (55/6/1) Question Paper With Solutions
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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. The figure shows the voltage (V) versus the current (I) graphs for a wire at two

temperatures T1 and T2. One can conclude that:

(A) T2 = 2T1

(B) T1 > T2

(C) T1 = T2

3

(D) T1 < T2

Correct Answer: (D) T1 < T2

Solution:

The figure shows two I–V graphs for a wire at temperatures T1 and T2. Since the graph

represents current I versus voltage V , the slope of the line indicates the conductance
(
I
V

)
,

which is inversely proportional to resistance:

slope =
I

V
=

1

R

From the graph, the slope at T1 is greater than the slope at T2, which implies:

1

R1
>

1

R2
⇒ R1 < R2

For most metallic conductors, resistance increases with temperature. Hence:

R1 < R2 ⇒ T1 < T2
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Quick Tip

In an I–V graph, a steeper slope means higher conductance (lower resistance). Since

resistance increases with temperature, a steeper slope means a lower temperature.

2. If Rs and Rp are the equivalent resistances of n resistors, each of value R, in series

and parallel combinations respectively, then the value of (Rs −Rp) is:

(A)
(
n2−1
n2

)
R

(B)
(
n2+1
n2−1

)
R

(C)
(
n2−1
n

)
R

(D) (n2+1)R
n2

Correct Answer: (C)
(
n2−1
n

)
R

Solution:

Let’s find the expressions for the resistors: - In series, total resistance is:

Rs = nR

- In parallel, total resistance is:

1

Rp
=

1

R
+

1

R
+ · · ·+ 1

R
=

n

R
⇒ Rp =

R

n

- Now compute the difference:

Rs −Rp = nR− R

n

Take LCM:

Rs −Rp =
n2R−R

n
=

R(n2 − 1)

n

Thus,

Rs −Rp =

(
n2 − 1

n

)
R

Quick Tip

Remember: for n equal resistors in series, add normally. For parallel, take reciprocal

sum. Always simplify using LCM when subtracting expressions.
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3. The value of magnetic field at point O in the given figure is:

(A) µ0I
2πR

(B) µ0I
πR

(C) µ0I
4R

(D) µ0I
R

Correct Answer: (C) µ0I
4R

Solution:

The wire forms a semicircular arc of radius R, with current I flowing through it. The

magnetic field at the center O of a circular arc carrying current is given by the formula:

B =
µ0Iθ

4πR

where θ is the angle subtended by the arc at the center in radians.

Here, since the arc is a semicircle:

θ = π radians

So,

B =
µ0I · π
4πR

=
µ0I

4R

Thus, the magnetic field at point O is:

B =
µ0I

4R

Quick Tip

Use the formula B = µ0Iθ
4πR for a current-carrying arc. For a semicircle, use θ = π radians.

4. A piece of a diamagnetic material, free to move when placed in a uniform magnetic

field:

(A) moves along the field

(B) moves opposite to the field
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(C) moves perpendicular to the field

(D) does not move at all

Correct Answer: (D) does not move at all

Solution:

Diamagnetic materials are repelled by magnetic fields because they create an induced

magnetic moment in a direction opposite to the applied magnetic field.

However, in a uniform magnetic field, the magnetic force on a diamagnetic object is zero

because the net force depends on the gradient of the magnetic field. In a non-uniform field,

the object would move toward the region of weaker field.

Since the field is uniform here, the diamagnetic piece experiences no net force, and hence

does not move.

Quick Tip

Diamagnetic materials move only in non-uniform magnetic fields where they experience

a net repulsive force. In uniform fields, there is no movement.

5. A galvanometer can be converted into an ammeter of desired range by connecting a:

(A) small resistance in series

(B) large resistance in series

(C) small resistance in parallel

(D) large resistance in parallel

Correct Answer: (C) small resistance in parallel

Solution:

A galvanometer is a sensitive device that can measure very small currents. To convert it into

an ammeter (which can measure large currents), we need to bypass most of the current

around the galvanometer to prevent damage.

This is achieved by connecting a shunt — a small resistance in parallel with the

galvanometer. The majority of the current flows through this low-resistance path, while only

a small, safe current flows through the galvanometer.

This setup ensures the galvanometer safely measures current over a broader range.
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Quick Tip

To convert a galvanometer into an ammeter, use a shunt — a low resistance connected

in parallel — so it can handle larger currents without damage.

6. A proton and an α-particle enter with the same velocity v⃗ in a uniform magnetic field

B⃗ such that v⃗ ⊥ B⃗. The ratio of the radii of their paths is:

(A) 2

(B) 1
2

(C) 1
4

(D) 4

Correct Answer: (B) 1
2

Solution:

When a charged particle enters a uniform magnetic field perpendicular to its velocity, it

experiences a centripetal force due to the Lorentz force, and follows a circular path. The

radius of the circular motion is given by the formula:

r =
mv

qB

where: - m is the mass of the particle - v is the velocity - q is the charge - B is the magnetic

field strength

Let’s compute the radius for both particles:

For the proton: - mass mp = m - charge qp = e

rp =
mv

eB

For the α-particle (which is a helium nucleus): - mass mα = 4m (2 protons + 2 neutrons) -

charge qα = 2e (due to 2 protons)

rα =
4m · v
2eB

=
2mv

eB

Now, take the ratio of the radii:
rp
rα

=
mv
eB
2mv
eB

=
1

2

Hence,

Ratio of radii =
rp
rα

=
1

2
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Quick Tip

Remember: the radius of circular motion in a magnetic field depends on the mass-to-

charge ratio
(
m
q

)
. A higher charge or lower mass leads to a smaller path radius.

7. A vertically held bar magnet is dropped along the axis of a copper ring having a cut

as shown in the diagram. The acceleration of the falling magnet is:

(A) zero

(B) less than g

(C) g

(D) greater than g

Correct Answer: (C) g

Solution:

When a bar magnet is dropped through a conducting loop (like a copper ring), the changing

magnetic flux induces eddy currents in the ring. These eddy currents oppose the motion of

the magnet (Lenz’s law), thus reducing its acceleration to less than g.

However, in this case, the copper ring has a cut, meaning the circuit is incomplete and no

eddy current can be established. Since no current is induced, there is no magnetic opposing

force acting on the magnet.

As a result, the magnet experiences no additional force other than gravity, and hence falls

with an acceleration equal to g.
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Quick Tip

A cut in the ring breaks the circuit and prevents eddy currents from forming, so the

magnet falls freely with acceleration g.

8. An AC source is connected to a resistor and an inductor in series. The voltage across

the resistor and inductor are 8 V and 6 V respectively. The voltage of the source is:

(A) 10 V

(B) 12 V

(C) 14 V

(D) 16 V

Correct Answer: (A) 10 V

Solution:

In an R-L (resistor-inductor) series AC circuit, the total voltage is not the algebraic sum of

the voltages across the resistor and inductor. This is because the voltages are out of phase: -

Voltage across the resistor is in phase with current. - Voltage across the inductor leads the

current by 90◦.

So, the total voltage is the phasor sum of the two voltages:

Vsource =

√
V 2
R + V 2

L

Given: VR = 8V, VL = 6V

Vsource =
√

82 + 62 =
√
64 + 36 =

√
100 = 10V

Quick Tip

In AC circuits with resistors and inductors, use the Pythagorean sum of voltages: V =√
V 2
R + V 2

L due to phase difference.

9. Two coherent waves, each of intensity I0, produce interference pattern on a screen.

The average intensity of light on the screen is:

(A) zero
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(B) I0

(C) 2I0

(D) 4I0

Correct Answer: (C) 2I0

Solution:

In an interference pattern formed by two coherent sources of equal intensity I0, the resultant

intensity at any point on the screen depends on the phase difference.

- At a point of constructive interference (phase difference = 0, 2π, . . .), the amplitudes add up:

Imax = (
√

I0 +
√

I0)
2 = (2

√
I0)

2 = 4I0

- At a point of destructive interference (phase difference = π, 3π, . . .), the amplitudes cancel:

Imin = (
√

I0 −
√

I0)
2 = 0

The average intensity over many fringes is:

Iavg =
Imax + Imin

2
=

4I0 + 0

2
= 2I0

Quick Tip

When two coherent waves of equal intensity interfere, the average intensity on the

screen is 2I0, even though the maximum can be 4I0 and the minimum can be zero.

10. The work function of a material is 2.21 eV. Which of the following cannot produce

photoelectrons from it?

(A) Red light

(B) Blue light

(C) Violet light

(D) Green light

Correct Answer: (A) Red light

Solution:

To eject photoelectrons, the energy E of the incident photon must be greater than or equal to

the work function ϕ. The energy of a photon is given by:

E =
hc

λ
=

1240 eV·nm
λ (nm)
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Work function ϕ = 2.21 eV

Now we compare photon energies of different visible lights:

- Red light: λ ≈ 700 nm ⇒ E ≈ 1240
700 ≈ 1.77 eV - Green light:

λ ≈ 550 nm ⇒ E ≈ 1240
550 ≈ 2.25 eV - Blue light: λ ≈ 470 nm ⇒ E ≈ 1240

470 ≈ 2.64 eV - Violet

light: λ ≈ 400 nm ⇒ E ≈ 1240
400 ≈ 3.10 eV

Only red light has energy less than the work function and therefore cannot emit

photoelectrons.

Quick Tip

Use E = 1240
λ to quickly estimate photon energy in eV. Red light has the longest wave-

length and lowest photon energy among visible light.

11. The momentum (in kg·m/s) of a photon of frequency 6.0× 1014 Hz is:

(A) 6.63× 10−25

(B) 1.326× 10−27

(C) 2.652× 10−26

(D) 3.978× 10−24

Correct Answer: (B) 1.326× 10−27

Solution:

The momentum p of a photon is given by:

p =
E

c
=

hf

c

Where: h = 6.63× 10−34 J·s (Planck’s constant) f = 6.0× 1014 Hz (frequency)

c = 3.0× 108 m/s (speed of light)

Substitute the values:

p =
6.63× 10−34 × 6.0× 1014

3.0× 108

First, calculate the numerator:

6.63× 6.0 = 39.78, and powers: 10−34 × 1014 = 10−20

So, numerator = 39.78× 10−20
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Now divide by 3.0× 108:

p =
39.78× 10−20

3.0× 108
= 13.26× 10−28 = 1.326× 10−27 kg·m/s

Quick Tip

To find photon momentum, use p = hf
c . Use powers of ten carefully and simplify step-

by-step for accurate results.

12. Inside a nucleus, the nuclear forces between proton and proton, proton and

neutron, neutron and neutron are Fpp, Fpn, and Fnn respectively. Then:

(A) Fpp > Fpn > Fnn

(B) Fpn > Fnn > Fpp

(C) Fnn > Fpp > Fpn

(D) Fpp = Fpn = Fnn

Correct Answer: (D) Fpp = Fpn = Fnn

Solution:

The nuclear force is a short-range, charge-independent force. This means: - It depends only

on the distance between the nucleons (protons or neutrons), - And not on their charge.

Hence, the strength of the nuclear force between: - two protons (Fpp), - a proton and a

neutron (Fpn), and - two neutrons (Fnn)

is approximately equal at short ranges inside the nucleus.

Therefore:

Fpp = Fpn = Fnn

Quick Tip

Nuclear force is nearly the same between any two nucleons (proton or neutron) — it’s

charge-independent and depends only on separation.

13. 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.

Assertion (A): In a reflecting telescope, the image does not have chromatic aberration.
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Reason (R): Chromatic aberration occurs only due to refraction of light through an optical

medium.

(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) Both Assertion (A) and Reason (R) are false.

Correct Answer: (A) Both Assertion (A) and Reason (R) are true and Reason (R) is the

correct explanation of the Assertion (A).

Solution:

Assertion (A) is true: In a reflecting telescope, the image is formed using mirrors, and not

lenses. Since mirrors reflect all wavelengths of light equally, there is no chromatic aberration.

Reason (R) is also true: Chromatic aberration arises when different wavelengths of light are

refracted (bent) by different amounts through a lens (optical medium), due to their varying

refractive indices.

Since reflecting telescopes use reflection (not refraction), they do not suffer from chromatic

aberration. Therefore, the reason correctly explains the assertion.

Quick Tip

Chromatic aberration is caused by dispersion in lenses. Reflecting telescopes use mir-

rors — which don’t disperse light — so they avoid chromatic aberration completely.

14. 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.

Assertion (A): A hole is an apparent free particle with effective positive electronic charge.

Reason (R): A hole is not necessarily a vacancy left behind by an electron in the valence

band.

(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) Both Assertion (A) and Reason (R) are false.

Correct Answer: (C) Assertion (A) is true, but Reason (R) is false.

Solution:

Assertion (A) is true: In a semiconductor, a hole is the absence of an electron in the valence

band. It behaves like a positively charged free particle with an effective mass and moves

under an electric field in the opposite direction of electrons.

Reason (R) is false: A hole is always a vacancy created in the valence band when an electron

gets excited to the conduction band. It is not just a general concept of vacancy; it is

specifically defined within the context of band theory in solids.

Therefore, while the assertion is correct, the reason given does not match physical principles

and is incorrect.

Quick Tip

In semiconductors, holes are always defined as the absence of electrons in the valence

band. They act like positive charges and contribute to current flow.

15. 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.

Assertion (A): X-rays are produced when slow moving electrons are stopped by a metal

target of high atomic number.

Reason (R): X-rays consist of low-energy photons.

(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) Both Assertion (A) and Reason (R) are false.
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Correct Answer: (D) Both Assertion (A) and Reason (R) are false.

Solution:

Assertion (A) is false: X-rays are produced when high-speed (not slow) electrons strike a

metal target (like tungsten) with a high atomic number. The sudden deceleration of these

electrons leads to emission of X-rays, a phenomenon known as Bremsstrahlung or braking

radiation. Therefore, the statement about ”slow moving electrons” is incorrect.

Reason (R) is also false: X-rays are high-energy photons, with energies typically in the range

of 1 keV to 100 keV or more. They lie well above the visible spectrum in terms of energy.

Hence, calling them ”low-energy photons” is factually wrong.

Since both statements are incorrect, the correct answer is option (D).

Quick Tip

X-rays are produced by high-energy electrons striking a metal target, and they consist

of high-energy photons — not low-energy ones.

16. 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.

Assertion (A): The binding energy per nucleon is practically constant for mass number in

the range 30 < A < 170.

Reason (R): Nuclear forces between the nucleons for mass numbers in the range

30 < A < 170 are not short-range.

(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) Both Assertion (A) and Reason (R) are false.

Correct Answer: (C) Assertion (A) is true, but Reason (R) is false.

Solution:

Assertion (A) is true: The binding energy per nucleon remains approximately constant
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(around 8 MeV) for nuclei with mass numbers in the range 30 < A < 170. This is because the

nuclear forces saturate — each nucleon only interacts significantly with its nearest neighbors.

This plateau in binding energy explains the relative stability of medium- and heavy-sized

nuclei.

Reason (R) is false: The nuclear force is always a short-range force, regardless of mass

number. It acts over distances of a few femtometers and drops off rapidly beyond that. The

range of the force does not increase with mass number.

Therefore, the reason contradicts well-established nuclear physics principles.

Quick Tip

Binding energy per nucleon remains almost constant for 30 < A < 170 due to saturation

of short-range nuclear forces, not because the range changes.

Section-B

17. Find the equivalent resistance between points A and B for the network shown in the

figure.

Solution:

We observe a symmetric resistor network with multiple branches. Let’s solve it step by step:

Step 1: Simplify top and bottom branches Top branch: 5 Ω + 5 Ω = 10 Ω Bottom branch:

15 Ω + 30 Ω = 45 Ω

Step 2: Observe symmetry and apply Wheatstone bridge principle The vertical 10 Ω resistor

in the middle lies between symmetric nodes. No current passes through it due to symmetry,

so we can remove it.
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Step 3: Use simplified layout Now we consider three main paths from A to B: Top path:

1 Ω + 25 Ω + 10 Ω = 36 Ω Middle path: 25 Ω + 20 Ω = 45 Ω Bottom path:

15 Ω + 10 Ω + 30 Ω = 55 Ω

Now compute equivalent resistance:

1

RAB
=

1

36
+

1

45
+

1

55
⇒ RAB ≈ 10 Ω

Alternative Method:

We simplify using top and bottom triangles:

Top triangle: Two 5 Ω resistors in series → 10 Ω In parallel with 10 Ω resistor:

Rtop =
10× 10

10 + 10
= 5 Ω

Bottom triangle: 15 Ω + 30 Ω = 45 Ω In parallel with 10 Ω resistor:

Rbottom =
45× 10

45 + 10
=

450

55
≈ 8.18 Ω

Now total resistance:

RAB = 1 +
(
5× 8.18

5 + 8.18

)
≈ 1 +

(
40.9

13.18

)
≈ 1 + 3.1 = 4.1 Ω

This alternate method gives a good approximation but may vary slightly unless the full

network is redrawn and symmetric simplifications are rigorously applied. The accurate result

from symmetry-based configuration is:

RAB = 10 Ω

Quick Tip

In symmetric resistor networks, check for equal potential nodes. Resistors between

them carry no current and can be removed to simplify the calculation.

18. (a) Find the intensity at a point on the screen in Young’s double slit experiment, at

which the interfering waves of intensity I0 each, have a path difference of (i) λ
3 , and (ii)

λ
2 .

Solution:
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The intensity at a point in Young’s double slit experiment is given by:

I = I1 + I2 + 2
√

I1I2 cosϕ

If I1 = I2 = I0, and ϕ = 2π
λ · path difference, then:

I = 2I0(1 + cosϕ)

(i) For path difference = λ
3 :

ϕ =
2π

λ
· λ
3
=

2π

3
⇒ I = 2I0

(
1 + cos

2π

3

)
= 2I0

(
1− 1

2

)
= I0

(ii) For path difference = λ
2 :

ϕ = π ⇒ I = 2I0(1 + cos π) = 2I0(1− 1) = 0

Quick Tip

Use I = 2I0(1 + cosϕ) when two coherent sources of equal intensity interfere. Convert

path difference to phase angle using ϕ = 2π
λ ·∆x.

OR,

(b) A point source of light in air is kept at a distance of 12 cm in front of a convex

spherical surface of glass of refractive index 1.5 and radius of curvature 30 cm. Find

the nature and position of the image formed.

Solution:

Use the formula for refraction at a spherical surface:

µ2
v

− µ1
u

=
µ2 − µ1

R

Where: - µ1 = 1 (air), µ2 = 1.5 (glass) - u = −12 cm (object in front of the surface) -

R = +30 cm (convex surface, positive R)

Substitute:

1.5

v
− 1

−12
=

1.5− 1

30
=

0.5

30
⇒ 1.5

v
+

1

12
=

1

60
⇒ 1.5

v
=

1

60
− 1

12
=

1− 5

60
= − 4

60
⇒ 1.5

v
= − 1

15
⇒ v = −22.5 cm

So, the image is formed at a distance of 22.5 cm from the surface on the same side as the

object, and is virtual.
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Quick Tip

Use sign conventions carefully: object distances are negative if measured toward the

surface; radius is positive for convex surfaces. A negative image distance implies a

virtual image on the same side as the object.

19. A laser beam of frequency 3.0× 1014 Hz produces average power of 9 mW. Find (i)

the energy of a photon of the beam, and (ii) the number of photons emitted per second

on an average by the source.

Solution:

(i) Energy of a photon:

The energy of a photon is given by the formula:

E = hν

Where: h = 6.63× 10−34 J·s (Planck’s constant) ν = 3.0× 1014 Hz

E = 6.63× 10−34 × 3.0× 1014 = 1.989× 10−19 J

(ii) Number of photons emitted per second:

Power is the energy emitted per second. Given:

P = 9 mW = 9× 10−3 W

Number of photons per second =
P

E
=

9× 10−3

1.989× 10−19
≈ 4.52× 1016

So, - Energy per photon = 1.989× 10−19 J - Number of photons per second = 4.52× 1016

Quick Tip

Use E = hν for single photon energy, and divide power by energy per photon to get the

photon emission rate. Convert mW to W when using SI units.

20. A right-angled isosceles glass prism ABC is kept in contact with an equilateral

triangular prism DBC as shown in the figure. Both prisms are made of the same glass
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of refractive index 1.6. Trace the path of the ray MN incident normally on face AB as it

passes through the combination.

Solution:

Let us analyze the passage of the ray step-by-step using geometrical optics:

- The ray MN is incident normally on the surface AB, which means there is no refraction at

that surface. The ray enters the prism undeviated.
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- The prism △ABC is a right-angled isosceles prism with ∠A = 90◦, ∠B = 45◦, and

∠C = 45◦. The ray inside travels toward surface BC.

- At surface BC, the ray strikes at an angle of incidence i = 45◦ (measured from the normal,

because triangle is isosceles). Let’s calculate the critical angle for glass-air interface:

sinC =
1

µ
=

1

1.6
≈ 0.625 ⇒ C ≈ 38.68◦

Since i = 45◦ > 38.68◦, total internal reflection (TIR) occurs at face BC.

- The ray reflects from BC toward face AC, which is in contact with the second prism

△DBC. Since both prisms are made of the same glass, and this surface is not in contact with

air, no refraction occurs at BC interface between the two prisms.

- Now, consider triangle △DBC (an equilateral triangle). At face CD, the ray strikes at 60◦

(interior angle). Again, let’s check for TIR:

i = 60◦ > C = 38.68◦ ⇒ TIR occurs at CD also

- Finally, the ray emerges normally out of face AD because it strikes it perpendicularly after

internal reflections.

Path of the ray: MN → undeviated into the prism → reflects from BC → reflects from CD

→ exits normally through AD.

Quick Tip

Check for total internal reflection using critical angle: sinC = 1
µ . If incidence angle

exceeds critical angle at a glass-air interface, TIR will occur.

21. In an n-type semiconductor, electron-hole combination is a continuous process at

room temperature. Yet the electron concentration is always greater than the hole

concentration in it. Explain.

Solution:

In an n-type semiconductor, a pentavalent impurity (such as phosphorus or arsenic) is added

to a pure (intrinsic) semiconductor like silicon. Each dopant atom donates one extra electron,

which increases the number of free electrons in the conduction band.
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At room temperature, thermal energy continuously generates electron-hole pairs, leading to

recombination of electrons and holes. However, the concentration of electrons remains much

higher than that of holes because:

• The majority carriers in an n-type semiconductor are electrons (due to doping).

• The minority carriers (holes) are generated thermally and are much fewer in number.

• Although recombination happens, the large number of donor electrons maintains a

higher equilibrium concentration of electrons.

Hence, even with continuous recombination at room temperature, the electron concentration

remains significantly greater than the hole concentration in an n-type semiconductor.

Quick Tip

Doping determines the majority charge carrier. In an n-type semiconductor, added

donor atoms supply extra electrons, ensuring electrons outnumber thermally generated

holes.

Section-C

22. (a) What is the difference between ‘emf’ and ‘terminal voltage’ of a cell?

Solution:

EMF (Electromotive Force): EMF is the maximum potential difference between the

terminals of a cell when no current is being drawn from it. It represents the total energy

supplied per unit charge by the cell.

Terminal Voltage: Terminal voltage is the potential difference between the terminals of the

cell when it is supplying current. Due to internal resistance r, some voltage is lost inside the

cell. Hence:

Terminal voltage = EMF − Ir

Difference:

EMF ≥ Terminal voltage (Equality only when I = 0)
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(b) Two cells of EMFs E1 and E2 and internal resistances r1 and r2 are connected in

parallel. Derive an expression for the EMF and internal resistance of the equivalent cell.

Solution:

Let the equivalent EMF be E and equivalent internal resistance be r.

Since the cells are in parallel, their terminal voltages must be equal:

E1 − I1r1 = E2 − I2r2 = V

Let the total current be I = I1 + I2 and the equivalent cell satisfy:

V = E − Ir

From the two equations:

I1 =
E1 − V

r1
, I2 =

E2 − V

r2

Total current:

I =
E1 − V

r1
+

E2 − V

r2
⇒ I =

E1

r1
+

E2

r2
− V

(
1

r1
+

1

r2

)
Substitute into V = E − Ir:

V = E − r

(
E1

r1
+

E2

r2
− V

(
1

r1
+

1

r2

))
Solve for E and r, and we get:

Equivalent EMF:

E =
E1/r1 + E2/r2
1/r1 + 1/r2

Equivalent Internal Resistance:
1

r
=

1

r1
+

1

r2

Quick Tip

In parallel combinations, use current-based equations and equate terminal voltages. The

weighted average formula for EMF ensures voltage consistency across branches.

23. A rectangular loop carries a current of 1 A. A straight long wire carrying 2 A

current is kept near the loop in the same plane as shown in the figure.
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Find:

(i) the torque acting on the loop, and

(ii) the magnitude and direction of the net force on the loop.

Solution:

Given: - Current in straight wire: Iw = 2A - Current in loop: Il = 1A - Width of loop:

1 cm = 0.01m - Height of loop: 5 cm = 0.05m - Distance from wire to left side of loop:

1 cm = 0.01m - Distance to right side of loop: 2 cm = 0.02m

(i) Torque acting on the loop:

There is no net torque acting on the loop.

Reason: - Each vertical side of the loop experiences a magnetic force due to the magnetic

field of the straight wire. - The forces on the two vertical sides (left and right) are equal in

magnitude and opposite in direction, but they act at equal distances from the center, and

hence produce no net torque (they cancel each other out). - The horizontal sides (top and

bottom) experience forces in opposite directions, but being collinear, they do not form a

couple either.

⇒ τ = 0

(ii) Net force on the loop:
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Let’s calculate the net magnetic force on the loop due to the current in the straight wire.

Magnetic field due to long wire at a distance r:

B =
µ0I

2πr

Force on a current-carrying wire in magnetic field:

F = Il · L ·B

Calculate force on left side (distance = 1 cm = 0.01 m):

F1 = Il · h · µ0Iw
2π · 0.01

Calculate force on right side (distance = 2 cm = 0.02 m):

F2 = Il · h · µ0Iw
2π · 0.02

Direction: - On left vertical side: force is attractive (toward the wire). - On right vertical

side: force is repulsive (away from the wire).

Net force:

Fnet = F1 − F2 = Ilh
µ0Iw
2π

(
1

0.01
− 1

0.02

)
= Ilh

µ0Iw
2π

· 1

0.02

Substitute values:

Il = 1A, h = 0.05m, Iw = 2A, µ0 = 4π × 10−7

Fnet = 1·0.05·4π × 10−7 · 2
2π

·
(

1

0.01
− 1

0.02

)
= 0.05·(4×10−7)·(100−50) = 0.05·4×10−7·50 = 1×10−6 N

Direction: The net force is toward the wire, because the attractive force on the closer side is

greater than the repulsive force on the farther side.

Final Answer:

(i) Torque on the loop: 0

(ii) Net force: 1× 10−6 N toward the wire

Quick Tip

Always compare magnetic field strength at both sides of the loop. Closer side experi-

ences a stronger field, so net force is toward the wire, but torque cancels due to symme-

try.
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24. (a) State Lenz’s law. A rod MN of length L is rotated about an axis passing through

its end M perpendicular to its length, with a constant angular velocity ω in a uniform

magnetic field B⃗ parallel to the axis. Obtain an expression for emf induced between its

ends.

Solution:

Lenz’s Law: Lenz’s law states that the direction of induced emf is such that it opposes the

cause producing it. Mathematically, this is expressed as:

E = −dΦ

dt

EMF Induced in a Rotating Rod:

Let a rod of length L rotate in a uniform magnetic field B⃗, with angular velocity ω, about one

of its ends (M). The magnetic field is parallel to the axis, i.e., perpendicular to the plane of

rotation.

Consider a small element at a distance x from the axis. Its linear velocity:

v = ωx

Small emf induced in this element:

dE = B · v · dx = B · ωx · dx

Total emf across the rod:

E =

∫ L

0

Bωxdx = Bω

∫ L

0

x dx = Bω

[
x2

2

]L
0

=
1

2
BωL2

Final Expression:

E =
1

2
BωL2

Quick Tip

In rotating rods, each element contributes to the total emf due to varying linear velocity

v = ωx. Integrating gives the total emf.

OR,
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(b) Define ‘self-inductance’ of a coil. Derive an expression for self-inductance of a long

solenoid of cross-sectional area A and length l, having n turns per unit length.

Solution:

Self-Inductance: Self-inductance of a coil is the property by which it opposes any change in

the current flowing through it, by inducing an emf in itself.

The self-induced emf is given by:

E = −L
dI

dt

Where L is the self-inductance.

Derivation: Consider a solenoid of: - Cross-sectional area A - Length l - Turns per unit

length n - Total number of turns N = n · l

Magnetic field inside a long solenoid:

B = µ0nI

Magnetic flux through each turn:

ϕ = B · A = µ0nIA

Total flux linkage for N turns:

Φ = N · ϕ = nl · µ0nIA = µ0n
2AlI

From the definition of self-inductance:

Φ = LI ⇒ L = µ0n
2Al

Final Expression:

L = µ0n
2Al

Quick Tip

Self-inductance depends on geometry and material of the coil. For solenoids, use flux

linkage Φ = Nϕ and relate it to current.

25. Name the electromagnetic wave used (i) in radar, (ii) in eye surgery, and (iii) as a

diagnostic tool in medicine. Write their wavelength range also.

Solution:
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Application Electromagnetic Wave Used Wavelength Range

(i) Radar Microwaves 1mm to 1m

(ii) Eye surgery Ultraviolet (UV) rays 10 nm to 400 nm

(iii) Diagnostic tool in medicine X-rays 0.01 nm to 10 nm

Quick Tip

Different regions of the electromagnetic spectrum are used for various applications

based on their energy and penetration ability: microwaves for communication, UV for

precision surgical procedures, and X-rays for imaging inside the body.

26. Draw a ray diagram showing the image formation when a concave mirror produces

a real, inverted, and magnified image of an object and hence obtain the mirror formula.

Solution:

To derive the mirror formula, let’s first draw the ray diagram for the given case.

The diagram shows the concave mirror forming a real, inverted, and magnified image. In this

case, the object is placed between the focal point and the mirror (closer than the focal point

but farther than the mirror’s pole).

Derivation of Mirror Formula:

Let: - u be the object distance, - v be the image distance, - f be the focal length of the mirror.

For a concave mirror, the mirror formula is derived from the geometry of light reflection:

1. The first ray (Ray 1) parallel to the principal axis reflects through the focal point F . 2. The

second ray (Ray 2) passing through the focal point F reflects parallel to the principal axis.
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These two reflected rays meet at a point, forming the image.

Using the relation for curvature and geometry of the mirror:

1

f
=

1

v
+

1

u

This is the mirror formula, where: - u is the object distance (measured from the mirror to the

object), - v is the image distance (measured from the mirror to the image), - f is the focal

length (distance from the mirror’s pole to the focus).

Quick Tip

When the object is placed between the focal point and the mirror, the image formed is

real, inverted, and magnified. The image is located beyond the center of curvature.

27. How is the necessary force provided to an electron to keep it moving in a circular

orbit according to Bohr model of hydrogen atom? Derive an expression for the total

energy of an electron moving in an orbit of radius r in hydrogen atom. Give the

significance of the negative sign in this expression.

Solution:

In Bohr’s model of the hydrogen atom, the electron moves in a circular orbit around the

nucleus under the influence of the electrostatic (Coulomb) force. The necessary centripetal

force to keep the electron in its orbit is provided by the electrostatic force between the

electron and the proton in the nucleus.

(i) Necessary force to keep the electron moving in a circular orbit:

According to Coulomb’s law, the electrostatic force between the electron and the proton is

given by:

Felectrostatic =
1

4πϵ0
· e

2

r2

where: - e is the charge of the electron (e = 1.6× 10−19 C), - r is the radius of the orbit, - ϵ0 is

the permittivity of free space.

For an electron to move in a circular orbit, the centripetal force required is:

Fcentripetal =
mv2

r

where: - m is the mass of the electron, - v is the velocity of the electron.
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According to Bohr’s postulate, the centripetal force is provided by the electrostatic force, so:

mv2

r
=

1

4πϵ0
· e

2

r2

(ii) Derivation of the total energy of the electron:

To find the total energy of the electron, we need to calculate both the kinetic energy K.E. and

the potential energy P.E. of the electron.

1. Kinetic Energy: The kinetic energy of the electron is given by:

K.E. =
1

2
mv2

From the centripetal force equation:

mv2 =
1

4πϵ0
· e

2

r

Thus:

K.E. =
1

2
· 1

4πϵ0
· e

2

r

K.E. =
1

8πϵ0
· e

2

r

2. Potential Energy: The potential energy between two charges (electron and proton) is given

by:

P.E. = − 1

4πϵ0
· e

2

r

The negative sign indicates that the electron is bound to the nucleus (attractive force).

3. Total Energy: The total energy E of the electron is the sum of its kinetic and potential

energies:

E = K.E.+ P.E.

Substituting the expressions for K.E. and P.E.:

E =
1

8πϵ0
· e

2

r
− 1

4πϵ0
· e

2

r

E = − 1

8πϵ0
· e

2

r

Thus, the total energy of the electron is:

E = − 1

8πϵ0
· e

2

r

Significance of the negative sign:
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The negative sign in the expression for total energy indicates that the electron is bound to the

nucleus by the electrostatic force. If the total energy were positive, it would mean that the

electron is not bound to the nucleus and would escape (ionization). Therefore, the negative

sign reflects the fact that the electron is in a bound state, and work is required to remove the

electron from the atom.

Quick Tip

The negative sign in the total energy formula represents the binding energy of the elec-

tron in the atom. It is a measure of the energy required to remove the electron from the

atom (ionization).

28. (a) Consider the so-called ‘D-T reaction’ (Deuterium-Tritium reaction).

In a thermonuclear fusion reactor, the following nuclear reaction occurs:

2
1H + 3

1H −→ 4
2He + 1

0n +Q

Find the amount of energy released in the reaction.

Given:

m
(
2
1H

)
= 2.014102 u

m
(
3
1H

)
= 3.016049 u

m
(
4
2He

)
= 4.002603 u

m
(
1
0n
)
= 1.008665 u

1 u = 931MeV/c2

Solution:

The energy released in a nuclear reaction is given by the mass defect (the difference between

the total mass of the reactants and the total mass of the products) times the square of the

speed of light:

Q = (∆m)c2

where:

∆m =
(
mreactants −mproducts

)
For this reaction:

mreactants = m
(
2
1H

)
+m

(
3
1H

)
= 2.014102 u + 3.016049 u = 5.030151 u
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mproducts = m
(
4
2He

)
+m

(
1
0n
)
= 4.002603 u + 1.008665 u = 5.011268 u

Thus, the mass defect is:

∆m = mreactants −mproducts = 5.030151 u − 5.011268 u = 0.018883 u

Now, converting the mass defect into energy:

Q = ∆m · c2 = 0.018883 u × 931MeV/c2

Q = 17.6MeV

Thus, the energy released in the reaction is:

Q = 17.6MeV

Quick Tip

The energy released in nuclear reactions is a result of the conversion of mass into energy.

This is why mass defect (difference between reactants and products) is multiplied by c2

to find the energy released.

28. (b) Show that the nuclear density is independent of mass number.

Solution:

Nuclear density is defined as the mass of a nucleus per unit volume. To show that the nuclear

density is independent of the mass number, we proceed as follows:

Step 1: Expression for mass of the nucleus The mass M of a nucleus is approximately equal

to the mass number A times the mass of a nucleon (proton or neutron), i.e.,

M ≈ A ·mnucleon

where: - A is the mass number (total number of protons and neutrons), - mnucleon is the mass

of a single nucleon (approximately 1.67× 10−27 kg).

Step 2: Expression for volume of the nucleus The volume V of a nucleus is related to its

radius R. The radius of the nucleus is given by the empirical formula:

R = R0A
1/3

where R0 is a constant approximately equal to 1.2 fm = 1.2× 10−15 m.
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The volume V of a spherical nucleus is:

V =
4

3
πR3

Substituting the expression for R:

V =
4

3
π(R0A

1/3)3 =
4

3
πR3

0A

Step 3: Expression for nuclear density The nuclear density ρ is defined as the mass per unit

volume:

ρ =
M

V

Substituting the expressions for M and V :

ρ =
A ·mnucleon

4
3πR

3
0A

Simplifying:

ρ =
3mnucleon

4πR3
0

Step 4: Conclusion Notice that in the final expression for ρ, the mass number A cancels out,

and we are left with a constant value:

ρ =
3mnucleon

4πR3
0

Therefore, the nuclear density is independent of the mass number.

This shows that the density of the nucleus remains constant for all isotopes, regardless of

their size or mass number.

Quick Tip

Nuclear density depends only on the properties of nucleons and the size of the nucleus,

not on the mass number. The density remains nearly constant across different nuclei.

29. Read the following paragraphs and answer the questions that follow.

A capacitor is a system of two conductors separated by an insulator. In practice, the two

conductors have charges Q and −Q with potential difference V = V1 − V2 between them. The

ratio Q
V is a constant, denoted by C, and is called the capacitance of the capacitor. It is

independent of Q or V . It depends only on the geometrical configuration (shape, size,
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separation) of the two conductors and the medium separating the conductors. When a parallel

plate capacitor is charged, the electric field E0 is localised between the plates and is uniform

throughout. When a slab of a dielectric is inserted between the charged plates (charge

density σ), the dielectric is polarised by the field. Consequently, opposite charges appear on

the faces of the slab, near the plates, with surface charge density of magnitude σp. For a

linear dielectric σp is proportional to E0. Introduction of a dielectric changes the electric

field, and hence, the capacitance of a capacitor, and hence, the energy stored in the capacitor.

Like resistors, capacitors can also be arranged in series or in parallel or in a combination of

series and parallel.

29. (i) Consider a capacitor of capacitance C, with plate area A and plate separation d,

filled with air [Fig. (a)]. The distance between the plates is increased to 2d and one of

the plates is shifted as shown in Fig. (b). The capacitance of the new system now is:

(A) C
4

(B) C
2

(C) 2C

(D) 4C

Correct Answer: (A) C
4

Solution:

In this problem, we have a parallel plate capacitor with a capacitance C when the plates are

separated by a distance d. The capacitance C of a parallel plate capacitor is given by the

formula:

C =
ϵ0A

d

where ϵ0 is the permittivity of free space, A is the area of the plates, and d is the distance

between the plates.

When the distance between the plates is increased from d to 2d, the capacitance will decrease

because capacitance is inversely proportional to the distance between the plates. However,
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one of the plates is shifted, which changes the effective area of the capacitor. The shift

reduces the effective area of overlap between the plates.

The capacitance can be expressed as:

C ′ =
ϵ0A

′

2d

where A′ is the effective overlapping area, which is now reduced. In this case, due to the

plate shift, the effective overlapping area is halved. Thus, the new capacitance is given by:

C ′ =
C

4

Therefore, the correct answer is C
4 .

Quick Tip

When the distance between the plates of a parallel plate capacitor is increased, the

capacitance decreases. Additionally, if the effective area of overlap is reduced (as in

this case where one plate is shifted), the capacitance is further reduced.

(ii) A slab (area A and thickness d1) of a linear dielectric of dielectric constant K is

inserted between charged plates (charge density σ) of a parallel plate capacitor [plate

area A and plate separation d > d1] and opposite charges with charge density of

magnitude σp appear on the faces of the slab. The dielectric constant K is given by:

(A) σ+σp

σ

(B) σ
σ−σp

(C) σ+σp

σp

(D) σ
σp

Correct Answer: (A) σ+σp

σ

Solution:

In this problem, we are dealing with a parallel plate capacitor with a dielectric slab inserted

between the plates. The charge density on the plates is σ, and the dielectric slab has an

induced charge density σp on its faces. The dielectric constant K is a measure of the change

in the electric field due to the dielectric material. To find K, we need to consider the

following:
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1. Capacitor without Dielectric: The electric field between the plates of the capacitor, when

there is no dielectric, is given by:

E0 =
σ

ϵ0

where σ is the charge density on the plates and ϵ0 is the permittivity of free space.

2. Capacitor with Dielectric: When a dielectric slab is inserted between the plates, the

dielectric constant K modifies the electric field. The charge density on the plates is modified

due to the presence of the dielectric, and the total effective charge density becomes σ + σp,

where σp is the induced charge density on the faces of the dielectric slab.

3. Dielectric Constant: The dielectric constant K relates the electric field with the dielectric

to the electric field without the dielectric. It is given by the ratio of the total charge densities,

considering the induced charges on the dielectric. The formula for the dielectric constant K

is:

K =
σ + σp

σ

Thus, the dielectric constant is the ratio of the total charge density (sum of the charge density

on the plates and the induced charge on the dielectric) to the original charge density on the

plates.

Therefore, the correct expression for the dielectric constant K is σ+σp

σ .

Quick Tip

In problems involving dielectrics in capacitors, remember that the dielectric slab intro-

duces an induced charge on its surfaces. The dielectric constant is determined by the

ratio of the total charge densities, including the charges on the plates and the induced

charges on the dielectric.

(iii) An electric field E is established between the plates of an air-filled parallel plate

capacitor, with charges Q and −Q. V is the volume of the space enclosed between the

plates. The energy stored in the capacitor is:

(A) 1
2ϵ0E

2

(B) ϵ0Q2E

(C) 1
2ϵ0E

2V
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(D) ϵ0EQV

Correct Answer: (C) 1
2ϵ0E

2V

Solution:

To calculate the energy stored in a parallel plate capacitor, we can use the general formula

for the energy stored in an electric field. The energy density u in the electric field is given by:

u =
1

2
ϵ0E

2

where ϵ0 is the permittivity of free space and E is the electric field between the plates.

The total energy stored in the capacitor is the energy density multiplied by the volume V of

the region between the plates. The volume of the space between the plates is given by

V = A× d, where A is the area of the plates and d is the distance between the plates.

Thus, the total energy U stored in the capacitor is:

U = u× V =
1

2
ϵ0E

2 × V

Hence, the correct answer is 1
2ϵ0E

2V .

Quick Tip

The energy stored in a capacitor can be calculated using the energy density in the elec-

tric field. The energy density is proportional to the square of the electric field. By

multiplying the energy density by the volume of the space between the plates, we ob-

tain the total energy stored.

(iv) (a) Three capacitors A, B, and M, each of capacitance C, are connected to a

capacitor N of capacitance 2C and a battery as shown in the figure. If the charges on A

and N are Q and Q′ respectively, then Q′

Q is:

36



(A) 1
6

(B) 1
3

(C) 3

(D) 7
3

Correct Answer: (D) 7
3

Solution:

In this problem, we are dealing with capacitors in a complex network. Let us first simplify

the network of capacitors:

1. Capacitance of N: The capacitor N has a capacitance of 2C.

2. Capacitors A, B, and M: Each of these capacitors has a capacitance C. Capacitors A and B

are in series, and their equivalent capacitance can be found using the formula for series

combination:

CAB =
C

2

3. Combination of A, B, and M: The combined capacitance of A and B, CAB, is in parallel
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with M. So, the total capacitance Ctotal of the network of A, B, and M is:

Ctotal = CAB + C =
C

2
+ C =

3C

2

4. Final Combination with N: The final total capacitance Cfinal of the entire system is the

combination of Ctotal and N (with capacitance 2C), which are in series:

Cfinal =
Ctotal × 2C

Ctotal + 2C
=

3C
2 × 2C
3C
2 + 2C

=
3C2

7C
2

=
6C

7

5. Charge Relationship: The total charge Q on the battery is related to the total capacitance

and the battery voltage V :

Q = Cfinal × V =
6C

7
× V

The charge on capacitor N, denoted by Q′, is the charge stored on the capacitor with

capacitance 2C, which is in parallel with the rest of the network. Since the voltage across N

is the same as the battery voltage V , the charge on N is:

Q′ = 2C × V

6. Ratio Q′

Q : The ratio of the charges is:

Q′

Q
=

2C × V
6C
7 × V

=
2C
6C
7

= 7× 2

6
=

7

3

Thus, the correct answer is 7
3 .

Quick Tip

In complex capacitor networks, always start by simplifying the network step by step.

First, combine capacitors in series, then combine capacitors in parallel, and so on until

you get the total capacitance. Finally, use the charge and voltage relations to find the

desired quantity.

(b) A slab (area A and thickness d
2) of dielectric constant K is inserted in a parallel plate

capacitor of plate area A and plate separation d. If C and C0 are the capacitances of the

capacitors with and without the dielectric, then C
C0

is:

(A) K+1
2K

(B) 2K
K+1
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(C) K
K−1

(D) K−1
K

Correct Answer: (B) 2K
K+1

Solution:

The capacitance C0 of a parallel plate capacitor without any dielectric is given by the

formula:

C0 =
ϵ0A

d

where ϵ0 is the permittivity of free space, A is the area of the plates, and d is the separation

between the plates.

When a dielectric slab of thickness d
2 is inserted between the plates, the capacitance of the

system changes. The dielectric constant of the material is K, and the new capacitance C is

affected by the dielectric.

The insertion of the dielectric divides the capacitor into two regions: 1. A region with the

dielectric, which contributes a capacitance of:

Cdielectric =
Kϵ0A

d
2

=
2Kϵ0A

d

2. A region without the dielectric, which has the same capacitance as the original system:

Cno dielectric =
ϵ0A
d
2

=
2ϵ0A

d

Thus, the total capacitance with the dielectric inserted, C, is the sum of these two

capacitances:

C = Cdielectric + Cno dielectric =
2Kϵ0A

d
+

2ϵ0A

d
=

2ϵ0A

d
(K + 1)

Now, the ratio of the capacitances is:

C

C0
=

2ϵ0A
d (K + 1)

ϵ0A
d

=
2(K + 1)

1
=

2K

K + 1

Therefore, the correct answer is 2K
K+1 .

Quick Tip

When a dielectric slab is inserted into a parallel plate capacitor, the capacitance in-

creases due to the dielectric constant. The total capacitance is the sum of the capaci-

tances of the regions with and without the dielectric.
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Read the following paragraphs and answer the questions that follow.

30. Extrinsic semiconductors are made by doping pure or intrinsic semiconductors with

suitable impurity. There are two types of dopants used in doping, Si or Ge, and using them

p-type and n-type semiconductors can be obtained. A p-n junction is the basic building block

of many semiconductor devices. Two important processes occur during the formation of a

p-n junction: diffusion and drift. When such a junction is formed, a ’depletion layer’ is

created consisting of immobile ion-cores. This is responsible for a junction potential barrier.

The width of a depletion layer and the height of potential barrier changes when a junction is

forward-biased or reverse-biased. A semiconductor diode is basically a p-n junction with

metallic contacts provided at the ends for application of an external voltage. Using diodes,

alternating voltages can be rectified.

(i) Which of the following is a donor impurity atom for Ge?

(A) Boron

(B) Antimony

(C) Aluminium

(D) Indium

Correct Answer: (B) Antimony

Solution:

In semiconductor physics, donor impurities are elements that have more valence electrons

than the host semiconductor. For germanium (Ge), which is a group IV element, donor

impurities are typically from group V elements, which have five valence electrons.

- Boron and Aluminium are group III elements, which have three valence electrons and are

acceptor impurities for Ge. - Antimony and Indium are group V and III elements,

respectively. Antimony is a donor impurity for Ge because it has five valence electrons,

which means it can donate an extra electron to the conduction band of Ge. - Indium is an

acceptor impurity for Ge, as it has three valence electrons.

Thus, the correct donor impurity atom for Ge is Antimony.
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Quick Tip

Donor impurities for semiconductors are typically from group V elements (e.g., Anti-

mony, Arsenic). They donate electrons to the conduction band, making the material

n-type. Acceptor impurities are from group III elements (e.g., Boron, Aluminium),

which accept electrons from the semiconductor, making the material p-type.

(ii) When a pentavalent atom occupies the position of an atom in the crystal lattice of

Si, four of its electrons form covalent bonds with four silicon neighbours, while the fifth

remains bound to the parent atom. The energy required to set this electron free is

about:

(A) 0.5 eV

(B) 0.1 eV

(C) 0.05 eV

(D) 0.01 eV

Correct Answer: (C) 0.05 eV

Solution:

In this scenario, a pentavalent atom (such as phosphorus or arsenic) is substituted into the

silicon (Si) crystal lattice. The pentavalent atom has five valence electrons, while silicon has

only four valence electrons.

- Four of the pentavalent atom’s electrons form covalent bonds with four silicon atoms

surrounding it, maintaining the regular bonding structure. - The fifth electron, which doesn’t

participate in bonding, is loosely bound to the pentavalent atom.

This fifth electron is known as the donor electron, and the energy required to free this

electron from the parent atom is referred to as the ionization energy of the donor. The typical

energy required to release this electron in silicon is approximately 0.05 eV.

Thus, the energy required to set the electron free is about 0.05 eV.
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Quick Tip

In semiconductor physics, donor electrons, which are introduced by pentavalent impu-

rities, are typically freed with low energy (around 0.05 eV in silicon). This low energy

requirement is why silicon can easily be doped to control charge carrier concentration

in electronic devices.

(iii) During formation of a p-n junction:

(A) a layer of negative charge on n-side and a layer of positive charge on p-side appear.

(B) a layer of positive charge on n-side and a layer of negative charge on p-side appear.

(C) the electrons on p-side of the junction move to n-side initially.

(D) initially diffusion current is small and drift current is large.

Correct Answer: (C) the electrons on p-side of the junction move to n-side initially.

Solution:

When a p-n junction is formed, the diffusion of electrons and holes occurs. Initially, when

the p-type and n-type materials come into contact:

1. Diffusion of charge carriers: - Electrons from the n-side (which have a higher

concentration) diffuse to the p-side (where they are in lower concentration). - Similarly,

holes from the p-side diffuse to the n-side.

2. Formation of a depletion region: - As electrons move from the n-side to the p-side, they

recombine with holes, leaving behind a layer of negative charge (due to the immobile ionized

donors) on the n-side. - Similarly, holes moving to the n-side leave behind a layer of positive

charge (due to immobile ionized acceptors) on the p-side.

Thus, initially, the electrons on the p-side of the junction move to the n-side, causing the

formation of a depletion region.

Therefore, the correct answer is (C).

Quick Tip

During the formation of a p-n junction, diffusion dominates at first, causing charge

carriers to move across the junction, leading to the development of the depletion region

and the formation of a built-in electric field.
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(iv) (a) In reverse-biased p-n junction:

(A) the drift current is of the order of few mA

(B) the applied voltage mostly drops across the depletion region.

(C) the depletion region width decreases.

(D) the current increases with increase in applied voltage.

Correct Answer: (B) the applied voltage mostly drops across the depletion region.

Solution:

In a reverse-biased p-n junction, the applied voltage causes the electrons in the n-side to

move away from the junction, and holes from the p-side to do the same, leading to the

expansion of the depletion region.

- Drift Current: The drift current in reverse bias is extremely small, on the order of

nanoamperes (nA), not milliampere (mA), making option (A) incorrect. - Voltage Drop: In

reverse bias, most of the applied voltage is dropped across the depletion region, as the

electric field in this region opposes the flow of carriers, which makes option (B) correct. -

Depletion Region: As the reverse voltage increases, the depletion region width increases, not

decreases, making option (C) incorrect. - Current: The reverse current is almost constant and

very small, regardless of the increase in reverse voltage, making option (D) incorrect.

Thus, the correct answer is (B).

Quick Tip

In a reverse-biased p-n junction, the current is very small and primarily due to the minor-

ity carriers. The applied voltage is mostly dropped across the depletion region, leading

to a small reverse current.

(iv) (b) The output frequency of a full-wave rectifier with 50 Hz as input frequency is:

(A) 25 Hz

(B) 50 Hz

(C) 100 Hz

(D) 200 Hz

Correct Answer: (C) 100 Hz
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Solution:

A full-wave rectifier inverts the negative half of the input signal, and hence the output

frequency is double the input frequency. If the input frequency is 50 Hz, the output

frequency will be:

foutput = 2× finput = 2× 50Hz = 100Hz

Thus, the correct answer is (C).

Quick Tip

In a full-wave rectifier, the output frequency is always twice the input frequency because

both halves of the input signal are used in the rectification process.

(iv) (a) In reverse-biased p-n junction:

(A) the drift current is of the order of few mA

(B) the applied voltage mostly drops across the depletion region.

(C) the depletion region width decreases.

(D) the current increases with increase in applied voltage.

Correct Answer: (B) the applied voltage mostly drops across the depletion region.

Solution:

In a reverse-biased p-n junction, the applied voltage causes the electrons in the n-side to

move away from the junction, and holes from the p-side to do the same, leading to the

expansion of the depletion region.

- Drift Current: The drift current in reverse bias is extremely small, on the order of

nanoamperes (nA), not milliampere (mA), making option (A) incorrect. - Voltage Drop: In

reverse bias, most of the applied voltage is dropped across the depletion region, as the

electric field in this region opposes the flow of carriers, which makes option (B) correct. -

Depletion Region: As the reverse voltage increases, the depletion region width increases, not

decreases, making option (C) incorrect. - Current: The reverse current is almost constant and

very small, regardless of the increase in reverse voltage, making option (D) incorrect.

Thus, the correct answer is (B).
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Quick Tip

In a reverse-biased p-n junction, the current is very small and primarily due to the minor-

ity carriers. The applied voltage is mostly dropped across the depletion region, leading

to a small reverse current.

OR,

(iv) (b) The output frequency of a full-wave rectifier with 50 Hz as input frequency is:

(A) 25 Hz

(B) 50 Hz

(C) 100 Hz

(D) 200 Hz

Correct Answer: (C) 100 Hz

Solution:

A full-wave rectifier inverts the negative half of the input signal, and hence the output

frequency is double the input frequency. If the input frequency is 50 Hz, the output

frequency will be:

foutput = 2× finput = 2× 50Hz = 100Hz

Thus, the correct answer is (C).

Quick Tip

In a full-wave rectifier, the output frequency is always twice the input frequency because

both halves of the input signal are used in the rectification process.

Section-E

31. (a) (i) Write the principle of working of an ac generator. Draw its labelled diagram

and explain its working.
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Solution:

The principle of working of an AC generator is based on the phenomenon of electromagnetic

induction. According to Faraday’s law of induction, when a conductor is rotated in a

magnetic field, an emf (electromotive force) is induced in the conductor. The direction of

this induced emf changes with time as the conductor rotates, producing an alternating

current. The generator consists of a coil of wire that rotates in a magnetic field, and the

voltage generated is directly related to the speed of rotation, the strength of the magnetic

field, and the number of turns in the coil.

The generator works on the principle of electromagnetic induction: - A coil of wire is rotated

in a magnetic field. - As the coil cuts the magnetic lines of flux, an emf is induced in the coil,

which causes current to flow. - The induced emf alternates as the coil rotates, hence the

current produced is alternating (AC). - The direction of current alternates as the coil passes

through different positions in the magnetic field.

(ii) A resistor of 400 Ω, an inductor of 5
π H, and a capacitor of 50

π µF are joined in series

across an AC source v = 140 sin(100πt) V. Find the rms voltages across these three

circuit elements. The algebraic sum of these voltages is more than the rms voltage of

source. Explain.

Solution:

Given data: - Resistor R = 400Ω - Inductor L = 5
π H - Capacitor C = 50

π µF - Source voltage:
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v = 140 sin(100πt)V

The angular frequency of the AC source is:

ω = 100π rad/s

Step 1: Calculate the rms voltage of the source The peak voltage is V0 = 140V, so the rms

voltage Vrms is given by:

Vrms =
V0√
2
=

140√
2
= 98.99V

Step 2: Find the impedance of the circuit The impedance of the series circuit is given by:

Z =
√

R2 + (XL −XC)2

where XL is the inductive reactance and XC is the capacitive reactance.

The inductive reactance XL is:

XL = ωL = 100π × 5

π
= 500Ω

The capacitive reactance XC is:

XC =
1

ωC
=

1

100π × 50
π × 10−6

= 636.6Ω

Thus, the total impedance is:

Z =
√

4002 + (500− 636.6)2 =
√

4002 + (−136.6)2 ≈ 406.6Ω

Step 3: Calculate the current in the circuit The current in the circuit is:

I =
Vrms

Z
=

98.99

406.6
≈ 0.243A

Step 4: Calculate the rms voltages across each element - Rms voltage across the resistor:

VR = IR = 0.243× 400 ≈ 97.2V

- Rms voltage across the inductor:

VL = IXL = 0.243× 500 ≈ 121.5V

- Rms voltage across the capacitor:

VC = IXC = 0.243× 636.6 ≈ 154.2V
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Step 5: Explanation of the algebraic sum The algebraic sum of the individual voltages across

the resistor, inductor, and capacitor is greater than the rms voltage of the source because the

voltages are not in phase with each other. In an AC circuit with reactive elements (inductor

and capacitor), the voltages across the inductor and capacitor are 180° out of phase with each

other, leading to their individual voltages adding up vectorially. The total voltage across the

components is the phasor sum, not the simple arithmetic sum, which results in a larger total

voltage than the rms voltage of the source.

Quick Tip

In a series RLC circuit, the total voltage is not simply the sum of the voltages across

each element because the voltages are out of phase with each other. The voltages across

the inductor and capacitor tend to cancel each other out, while the voltage across the

resistor is in phase with the current.

OR,

(b) (i) Write the principle of working of a transformer. With the help of a labelled

diagram, explain the working of a step-up transformer.

Solution:

The principle of working of a transformer is based on electromagnetic induction. It works on

the principle of Faraday’s Law of Induction and Lenz’s Law, which states that when a

time-varying magnetic flux is linked with a coil, an electromotive force (emf) is induced in

the coil.

In a transformer: - AC voltage is applied to the primary coil, creating a varying magnetic flux

in the core. - This varying magnetic flux induces an emf (voltage) in the secondary coil,

which is proportional to the number of turns in the secondary coil relative to the primary coil.

The transformer can either step-up or step-down the voltage depending on the ratio of turns

in the primary and secondary coils.
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Working of a Step-Up Transformer:

In a step-up transformer, the number of turns in the secondary coil is greater than the number

of turns in the primary coil. This causes the voltage across the secondary coil to be greater

than that across the primary coil.

The working process of a step-up transformer is as follows:

1. Primary Coil: An alternating current (AC) is passed through the primary coil. This current

creates a time-varying magnetic field in the transformer’s core.

2. Magnetic Field: The time-varying magnetic flux produced by the primary coil induces an

emf in the secondary coil.

3. Induced Voltage: Since the number of turns in the secondary coil is more than in the

primary, the induced emf in the secondary coil will be higher than the emf in the primary

coil. This results in an increase in the voltage in the secondary coil, which is why it is called

a step-up transformer.

4. Energy Conservation: The energy supplied to the primary coil is ideally transferred to the

secondary coil. However, the current in the secondary coil is reduced in proportion to the

increase in voltage, so the power remains the same (neglecting losses).

(Diagram should be inserted here)

Mathematical Relation:

The relationship between the primary voltage (Vp), secondary voltage (Vs), primary number

of turns (Np), and secondary number of turns (Ns) is given by the transformer equation:

Vs
Vp

=
Ns

Np

For a step-up transformer, Ns > Np, so Vs > Vp.
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Quick Tip

In a step-up transformer, the voltage is increased while the current is decreased, accord-

ing to the law of conservation of energy. The power is ideally the same in both coils

(neglecting losses), but the voltage and current are inversely proportional to the number

of turns in the primary and secondary coils.

(ii) An ideal transformer is designed to convert 50 V into 250 V. It draws 200 W power

from an ac source whose instantaneous voltage is given by vi = 20 sin(100πt)V.

Find:

1. rms value of input current.

2. expression for instantaneous output voltage.

3. expression for instantaneous output current.

Solution:

(I) Rms Value of Input Current:

Given data: - Output voltage Vs = 250V - Input voltage Vp = 50V - Power drawn from the

ac source P = 200W - Input instantaneous voltage vi = 20 sin(100πt)V

1. Rms value of input voltage: The given instantaneous input voltage is of the form vi =

Vp sin(ωt), where Vp = 20V is the peak voltage. The rms value Vrms is related to the peak

voltage Vp by:

Vrms =
Vp√
2
=

20√
2
= 14.14V

2. Rms value of input current: The power P supplied by the ac source is related to the rms

values of voltage and current by the formula:

P = VrmsIrms cosϕ

For an ideal transformer, cosϕ = 1, since the transformer ideally operates at unity power

factor. Therefore:

Irms =
P

Vrms
=

200

14.14
≈ 14.14A
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Thus, the rms value of input current is 14.14A.

(II) Expression for Instantaneous Output Voltage:

For an ideal transformer, the ratio of the voltages is equal to the ratio of the number of turns

in the primary and secondary coils:
Vs
Vp

=
Ns

Np

This means the output voltage is related to the input voltage by the ratio of turns. Since

Vp = 50V and Vs = 250V, the transformer steps up the voltage by a factor of 5. Hence, the

instantaneous output voltage vs is:

vs = 5vi = 5× 20 sin(100πt) = 100 sin(100πt)V

Thus, the expression for the instantaneous output voltage is vs = 100 sin(100πt)V.

(III) Expression for Instantaneous Output Current:

Using the relationship between the current and voltage in an ideal transformer:

Is
Ip

=
Vp
Vs

Since Vp = 50V and Vs = 250V, the current in the secondary will be reduced by the same

factor of 5. Thus, the instantaneous output current is is related to the input current ip by:

is =
Ip
5

The input current ip is related to the instantaneous input voltage by Ohm’s law:

ip =
vi
R

=
20 sin(100πt)

400
= 0.05 sin(100πt)A

Thus, the instantaneous output current is:

is =
0.05 sin(100πt)

5
= 0.01 sin(100πt)A

Thus, the expression for the instantaneous output current is is = 0.01 sin(100πt)A.
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Quick Tip

In an ideal transformer, the voltage and current are related by the turns ratio. The voltage

is stepped up or stepped down according to the turns ratio, while the current is inversely

proportional to the voltage change. The power remains constant (neglecting losses).

32. (a) (i) Draw a ray diagram to show the image formation by a compound microscope.

Obtain the expression for the total magnification of the microscope when the final image

is formed at infinity.

Solution:

A compound microscope consists of two lenses: the objective lens and the eyepiece. The

objective lens forms a real, inverted, and magnified image of the object, and the eyepiece

magnifies this image further.

(Insert diagram here)

- The object is placed slightly inside the focal point of the objective lens. - The objective

lens produces a real, inverted, and magnified image, which acts as the object for the eyepiece.

- The eyepiece forms an image at infinity, as the final image is formed at infinity (in a relaxed

eye condition).

Total Magnification: The total magnification Mtotal of the microscope is the product of the

magnification produced by the objective lens (Mobj) and the magnification produced by the

eyepiece (Meyepiece).
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Mtotal = Mobj ×Meyepiece

1. Objective Magnification: The magnification of the objective lens is given by:

Mobj = −
vobj

uobj

where vobj is the image distance and uobj is the object distance for the objective lens.

2. Eyepiece Magnification: The magnification of the eyepiece is given by:

Meyepiece =
D

feyepiece

where D is the near point distance of the eye (usually taken as 25 cm), and feyepiece is the focal

length of the eyepiece.

Thus, the total magnification is the product of these two magnifications.

(ii) In a compound microscope, an object is placed at a distance of 1.5 cm from the ob-

jective of focal length 1.25 cm. The eyepiece has a focal length of 5 cm. The final image

is formed at infinity. Calculate the distance between the objective and the eyepiece.

Solution:

Given data: - Object distance for objective uobj = −1.5 cm (since the object is on the left side

of the lens) - Focal length of objective fobj = 1.25 cm - Focal length of eyepiece feyepiece = 5 cm

- The final image is formed at infinity.

1. Find the image distance for the objective lens vobj: Using the lens formula for the

objective lens:
1

fobj
=

1

vobj
− 1

uobj

Substituting the known values:
1

1.25
=

1

vobj
− 1

−1.5

1

vobj
=

1

1.25
+

1

1.5
= 0.8 + 0.6667 = 1.4667

vobj =
1

1.4667
≈ 0.682 cm

So, the image formed by the objective lens is at a distance of approximately 0.682 cm.
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2. Find the object distance for the eyepiece ueyepiece: The object for the eyepiece is the

image formed by the objective lens. This image acts as the object for the eyepiece, so:

ueyepiece = −vobj = −0.682 cm

3. Find the distance between the objective and eyepiece: The image formed by the objective

lens is at a distance of 0.682 cm from the objective. Since the final image is formed at infinity,

the object distance for the eyepiece must be such that the image is formed at infinity. This

happens when the object for the eyepiece is placed at the focal point of the eyepiece.

The distance between the objective and the eyepiece is the sum of the image distance for

the objective and the focal length of the eyepiece:

d = vobj + feyepiece = 0.682 + 5 = 5.682 cm

Thus, the distance between the objective and the eyepiece is approximately 5.68 cm.

Quick Tip

In a compound microscope, the distance between the objective and eyepiece is crucial

for proper image formation at infinity. The image formed by the objective lens serves

as the object for the eyepiece, and the distance is adjusted accordingly to form a final

image at infinity.

OR,

(b) (i) Using Huygens’ principle, explain the refraction of a plane wavefront, propagating

in air, at a plane interface between air and glass. Hence verify Snell’s law.

Solution:

Huygens’ Principle states that each point on a wavefront can be considered as a source of

secondary spherical wavelets. The new position of the wavefront at any later time is the

envelope of these secondary wavelets.

Let us consider a plane wavefront AB propagating from air (refractive index n1) into glass

(refractive index n2) at an angle of incidence i.

Step-by-Step Explanation:

54



1. Wavefronts in Air and Glass: - In air, the wavefront moves with velocity v1 and refractive

index n1. - In glass, the wavefront moves with velocity v2 and refractive index n2.

2. Secondary Wavelets: According to Huygens’ principle, each point on the wavefront acts

as a secondary source of spherical wavelets. As the wavefront crosses the boundary from air

to glass, the wavelets in glass travel slower (since n2 > n1).

3. Refraction: The secondary wavelets in the air and glass will form a new wavefront. The

angle between the new wavefront and the normal is the refraction angle r.

4. Snell’s Law: Huygens’ principle leads to Snell’s law, which states that:

sin i

sin r
=

v1
v2

=
n2
n1

This is the law of refraction, where i is the angle of incidence and r is the angle of refraction.

Thus, Huygens’ principle explains how the wavefront refracts at the interface between air

and glass, and Snell’s law is verified.

(ii) Use the mirror formula to deduce that a convex mirror always produces a virtual

image of an object kept in front of it.

Solution:

The mirror formula relates the focal length f , object distance u, and image distance v of a

mirror:
1

f
=

1

v
+

1

u

For a convex mirror, the focal length f is positive, and the image formed is always virtual.

1. Object Distance: In the case of a convex mirror, the object is placed in front of the

mirror, so the object distance u is negative according to the sign convention.

2. Image Distance: For a convex mirror, the image distance v is always positive and virtual.

The image is formed behind the mirror.

3. Derivation: For a convex mirror, the image formed is always virtual, upright, and di-

minished. Since v is always positive (virtual image) and u is negative (real object), the image

distance always satisfies the mirror formula for a virtual image.

Thus, a convex mirror always produces a virtual image, irrespective of the object distance.
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Quick Tip

In convex mirrors, the image is always virtual, upright, and diminished. The image is

formed behind the mirror, and the object distance is negative. The sign conventions are

crucial when applying the mirror formula.

33. (a) (i) The electric field in a region is given by E⃗ = 40xîN/C. Find the amount of work

done in taking a unit positive charge from a point (0, 3m) to the point (5m, 0).

Solution:

The electric field is given as E⃗ = 40xîN/C, which implies the electric field is in the x-direction

and varies with x.

The work done in moving a charge q in an electric field is given by:

W = q

∫ r2

r1

E⃗ · dr⃗

where r⃗1 and r⃗2 are the initial and final positions, and E⃗ is the electric field.

For a unit positive charge, q = 1, and we need to calculate the work done moving the charge

from the point (0, 3) to (5, 0).

The path of the charge can be considered along the x-axis as we are moving from x = 0 to

x = 5. The electric field is only in the x-direction, so:

E⃗ = 40xî

The infinitesimal displacement along the path is dr⃗ = dxî. Therefore, the work done is:

W =

∫ 5

0

(40x) · (dx) = 40

∫ 5

0

x dx

W = 40

[
x2

2

]5
0

= 40× 25

2
= 500 J

Thus, the work done is 500 J.

(ii) A charge Q is distributed over two concentric hollow spheres of radii r and R (R > r)

such that their surface charge densities are equal. Find:

1. the electric field, and
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2. the potential at their common center.

Solution:

Given: - Two concentric spheres with radii r and R, and surface charge densities σ1 and σ2

such that σ1 = σ2. - Total charge Q is distributed between the two spheres.

1. Electric Field:

The electric field at a point outside a spherical shell with charge Q is the same as if all the

charge were concentrated at the center of the shell. For a point outside the spheres, the electric

field is:

E =
1

4πϵ0

Qtotal

r2

where Qtotal = Q (the total charge on both spheres). For a point inside the inner sphere (radius

r), the electric field is zero since the enclosed charge is zero.

The electric field between the spheres (for r < r′ < R) can be calculated similarly, using

the charge enclosed by the Gaussian surface.

2. Potential at the Common Center:

The potential at the common center due to a spherical shell of charge is given by the

potential due to a point charge:

V =
1

4πϵ0

Qtotal

R

where R is the radius of the outer sphere and Qtotal is the total charge distributed over the

spheres.

Quick Tip

For spherical charge distributions, the electric field outside a shell is as if the charge

were concentrated at the center of the sphere. The potential at any point inside a spher-

ical shell is constant and equal to the potential at the surface.

(b) (i) Obtain an expression for the electric field E⃗ due to a dipole of dipole moment p⃗ at

a point on its equatorial plane and specify its direction. Hence, find the value of electric

field:

1. at the centre of the dipole (r = 0), and
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2. at a point r ≫ a, where 2a is the length of the dipole.

Solution:

Consider a dipole consisting of two equal and opposite charges +q and −q, separated by a

distance 2a. The dipole moment p⃗ is defined as:

p⃗ = q × 2a

The electric field due to a dipole at any point is derived by considering the contribution from

both charges.

Electric Field on the Equatorial Plane: On the equatorial plane of the dipole, the angle

between the position vector and the dipole moment is 90◦, and the distance from the dipole is

r.

1. The expression for the electric field at a point on the equatorial plane at a distance r

from the center of the dipole is:

E =
1

4πϵ0
× 2p

r3

where p = q × 2a is the dipole moment, r is the distance from the center of the dipole, and ϵ0

is the permittivity of free space.

2. Direction of the Electric Field: The electric field on the equatorial plane is directed

perpendicular to the axis of the dipole and lies in the plane containing the dipole charges.

Specifically, it points away from the dipole axis.

(I) Electric Field at the Centre of the Dipole (r = 0):

At the center of the dipole, the electric field due to each charge is equal in magnitude but

opposite in direction. Therefore, the net electric field at the center of the dipole is zero.

Thus, the electric field at the center of the dipole is:

E = 0N/C

(II) Electric Field at a Point r ≫ a:

When the distance r is much greater than the separation of the charges a, the dipole behaves

as though it were a point charge. In this case, the electric field behaves as:

E =
1

4πϵ0
× 2p

r3
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For large distances, the dipole field behaves like the field due to a point charge with the

same total charge q. However, for r ≫ a, the field expression becomes much weaker (as r3)

compared to that of a single charge.

Hence, the electric field at a large distance from the dipole is:

E ∝ 1

r3

Thus, at points where r ≫ a, the dipole field decreases rapidly with the cube of the distance.

Quick Tip

The electric field due to a dipole is strongest near the dipole and decreases rapidly as
1
r3 when you move farther from the dipole. The field on the equatorial plane is directed

perpendicular to the dipole axis.

(ii) An electric field E⃗ = (10x+ 5)̂iN/C exists in a region in which a cube of side L is kept

as shown in the figure. Here x and L are in metres. Calculate the net flux through the

cube.

Solution:

We are given an electric field E⃗ = (10x+5)̂i N/C, where x is the position along the x-axis. The

flux through the cube can be calculated using Gauss’s law, which states that the net electric

flux ΦE through a closed surface is equal to the charge enclosed divided by the permittivity of
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free space ϵ0. Mathematically:

ΦE =

∮
E⃗ · dA⃗

where dA⃗ is the vector area element on the surface of the cube.

Step 1: Electric Field Expression The electric field is given as E⃗ = (10x+ 5)̂i. This means

the electric field has a component along the x-axis, and it depends on the x-coordinate.

Step 2: Flux Through Each Face The cube has six faces, and the flux through each face

depends on the electric field and the orientation of the face. The area vector for each face is

perpendicular to the surface, and the flux through each face is calculated by the dot product

E⃗ · dA⃗.

For a face of the cube, the electric flux is given by:

Φface = E⃗ · A

where A is the area of the face of the cube. Since the electric field is only along the x-axis, the

flux through the faces that are parallel to the yz-plane (i.e., the faces at x = 0 and x = L) will

contribute to the total flux.

Step 3: Calculate the Flux Through the Faces at x = 0 and x = L 1. Face at x = 0: The

electric field at x = 0 is E⃗ = 5̂i N/C. The area of the face at x = 0 is A = L2, and the area

vector is in the negative x-direction. Therefore, the flux through this face is:

Φ1 = Ex · A = 5× L2 = 5L2

2. Face at x = L: The electric field at x = L is E⃗ = (10L + 5)̂i N/C. The area vector is in

the positive x-direction, so the flux through this face is:

Φ2 = Ex · A = (10L+ 5)× L2 = (10L+ 5)L2

Step 4: Total Flux The total flux through the cube is the sum of the flux through the two

faces (at x = 0 and x = L):

Φtotal = Φ2 − Φ1 = (10L+ 5)L2 − 5L2

Φtotal = 10L3

Thus, the net electric flux through the cube is Φtotal = 10L3 Nm2/C.
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Quick Tip

When calculating the electric flux through a cube in a non-uniform electric field, con-

sider the contribution of the flux from the faces perpendicular to the electric field direc-

tion. Only the faces parallel to the direction of the electric field contribute to the net

flux.
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