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General Instructions

Read the following instructions very carefully and strictly follow them:

[E—

. 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.




Section-A
1. The electric field (E) and electric potential (1) at a point inside a charged hollow
metallic sphere are respectively:
(AYE=0, V=0
(B) E=0, V =1V, (aconstant)
(COE#0, V#0
(D) E = Ey (aconstant), V =0

Correct Answer: (B) E=0, V =1}

Solution:
For a charged hollow metallic sphere, all excess charge resides on the outer surface.

According to Gauss’s law, the electric field inside a conductor (or hollow cavity) is:
E =0 (inside the shell)

However, the electric potential inside remains constant and equal to the potential on the
surface:

V =1y #0

This means that although there is no electric field inside, the potential is not zero — it is

constant throughout the interior.

Answer: \(B) E=0 V=W

Inside a charged conducting shell, the electric field is zero, but the potential is constant

and equal to the surface potential.

2. The dimensions of ‘self-inductance’ are:
(A) [MLT—?A~?]

(B) [ML*T~1A1]

(C) [ML™'T2A77

(D) [ML*T—2A72



Correct Answer: (D) [ML*T2A72]

Solution:

Self-inductance L is defined from the formula:

dl vV  MIL*T3A1
V=L —=L=—-—=—"__""
i dr AT 1

= [ML*T72A72

Where: - V: potential difference — [ML?T~3A~1] - 4L: rate of change of current — [AT ]

Answer: | (D) [ML*T2A?

Use dimensional analysis on the formula V = L4 to find dimensions of self-inductance:

dt
V
L=4.

dt

3. In a circular loop of radius R, current / enters at point A and exits at point B, as

shown in the figure. The value of the magnetic field at the centre O of the loop is:

pol
(a) B
(B) zero

pol
©) R R[

Ko
O

Correct Answer: (B) zero



Solution:

Let’s consider the situation carefully.

The loop shown is a complete circular loop, but the current enters at point A and exits at
point B, splitting equally into two symmetrical semicircular paths (upper and lower halves of
the circle). This means the current in both the upper and lower semicircles flows in opposite
directions around the loop.

Each semicircular arc contributes a magnetic field at the center O with equal magnitude but
in opposite directions.

pol

semicircle — E
So: - The upper semicircle contributes a field B into the page (say). - The lower semicircle

contributes a field B out of the page.

Since the magnitudes are equal and directions are opposite:

ol ol
Bnet:’u__'u__0

4R 4R

Answer:
Quick Tip

If current enters and exits a full circular loop at two diametrically opposite points, the

current splits into two semicircles. The magnetic field at the center due to each half

cancels the other if they carry equal current in opposite directions.

4. The frequency of a photon of energy 1.326eV is:
(A) 1.18 x 104 Hz
(B) 3.20 x 10 Hz
(C) 4.20 x 10'° Hz
(D) 4.80 x 10" Hz

Correct Answer: (B) 3.20 x 10! Hz



Solution: We use the relation:

EFE=hr=v=—

Given:

E=1326eV=1326x16x10""J, h=06.63x10"37Js

1326 x 1.6 x 10717

oa o3 320 x 101 Hz

Convert eV to joules using 1eV = 1.6 x 1071?J, and use v =

)
h

to find frequency.

5. A metal rod of length 50 cm is held vertically and moved with a velocity of 10 m/s
towards east. The horizontal component of the Earth’s magnetic field at the place is
0.4G. The emf induced across the ends of the rod is:

(A) 0.1mV

(B) 0.2mV

(C) 0.8mV

(D) 1.6mV

Correct Answer: (B) 0.2mV

Solution: Use the formula:

emf=DB-1-v

Given: - B=04G=04x10*T-1=50cm=0.5m-v = 10m/s

emf=04x104%x05x10=20x10"*V =0.2mV

Always convert gauss to tesla: 1G = 10~*T when using SI units for electromagnetic

induction problems.




6. Germanium crystal is doped at room temperature with a minute quantity of boron.
The charge carriers in the doped semiconductors will be:

(A) electrons only

(B) holes only

(C) holes and few electrons

(D) electrons and few holes
Correct Answer: (C) holes and few electrons

Solution: Boron is a trivalent impurity. Doping germanium (a tetravalent semiconductor)
with boron introduces an acceptor level, leading to a p-type semiconductor.
- Majority carriers: holes - Minority carriers: electrons

Thus, both holes (majority) and few thermally generated electrons (minority) are present.

In a p-type semiconductor (e.g., Ge doped with boron), holes dominate due to acceptor

atoms, but thermal excitation always produces a few minority electrons.

7. The effective resistance between points A and B in the given circuit is:

20 30
AN ANV
180
4(1%
S 30 %69

A %79 B
o—— — e *

10 / 120

(A) 6Q
8
N
©) 3 Q
(D) 20

1
Correct Answer: (C) 36 Q



Solution:

Step 1: Analyze series and parallel combinations

From point A to point B, the resistors form a bridge network:

Upper branch: - Left: 2Q +3Q =5Q - Right: 3Q+18Q+ 6 =27Q

Lower branch: - Left: 4Q +4Q = 8Q - Right: 12Q

Middle branch between junctions: 72

This is a classic Wheatstone bridge, but not balanced, so current will flow through the 7

resistor.

Let’s simplify using star-delta transformation or symmetry, but the quickest method is
numerical approach or solving via reduction:

Let’s redraw and reduce step-by-step:

1. Combine the top-left and top-right branches: -2+3=50-3+18+6 =27Q

2. The left and right triangles form a bridge with a 72 in between.

Now use Kirchhoff’s laws or potential drop method (or equivalently, software simulation or

prior known result):

16
Reff =|—=Q

Quick Tip

If the Wheatstone bridge is not balanced, current flows through the central resistor. Use
stepwise series-parallel reduction or advanced methods (like star-delta or Kirchhoff’s

laws) to compute equivalent resistance.

8. A capacitor and an inductor are connected in series across an ac source of voltage of
variable frequency. The frequency is increased continuously. The nature of the circuit
before and after the resonance will be:

(A) inductive only

(B) capacitive only

(C) capacitive and inductive respectively



(D) inductive and capacitive respectively
Correct Answer: (C) capacitive and inductive respectively

Solution: At low frequencies, capacitive reactance dominates, making the circuit capacitive.
At high frequencies, inductive reactance dominates, making it inductive. At resonance,

X1 = X¢, and the circuit behaves as purely resistive.

Below resonance: capacitive; above resonance: inductive in an RLC series circuit.

9. An alternating current is given by / = I cos(1007t). The least time the current takes

to decrease from its maximum value to zero will be:

(A) (309) s

Correct Answer: (A) 555 s

Solution: Given w = 1007, so

w 1
Y R0Hz=T = —
F=9: 2= 4 =58

. — L
From max to zero: T'//4 = 555 8

Cosine wave drops from peak to zero in one-fourth of a cycle.

10. The mass numbers of two nuclei A and B are 27 and 64 respectively. The ratio of
their radii (%) will be:

(A) &

(B) 15



(C) 23
(D) 3

Correct Answer: (D) 3
Solution:

R4 o7\ 1/3 3
O N
oA =1 =& 1

Nuclear radii follow R = RgA'/3, so use cube roots for radius ratio.

11. Isotones are the nuclides having:

(A) same mass numbers

(B) same atomic numbers

(C) same neutron number, but different atomic number

(D) different neutron number, and different mass number
Correct Answer: (C) same neutron number, but different atomic number

Solution: Isotones: same number of neutrons. e.g., $*C and 1°N both have 8 neutrons.

Isotopes — same Z, Isobars — same A, Isotones — same N.

12. A p-n junction diode is forward biased. As a result,

(A) both the potential barrier height and the width of depletion layer decrease

(B) both the potential barrier height and the width of depletion layer increase

(C) the potential barrier height decreases and the width of depletion layer increases

(D) the potential barrier height increases and the width of depletion layer decreases

Correct Answer: (A) both the potential barrier height and the width of depletion layer

decrease



Solution: In forward bias: - External voltage opposes the built-in potential. - Depletion

region narrows. - Barrier height drops.

Forward bias reduces barrier potential and narrows the depletion region, enabling cur-

rent flow.

13. Assertion (A): A ray of light is incident normally on the face of a prism. The emergent
ray will graze along the opposite face of the prism when the critical angle at the glass-air
interface is equal to the angle of the prism.

Reason (R): The refractive index of a prism depends on the angle of the prism.

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

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of 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: When light is incident normally on one face of a prism and the angle
of incidence at the second face equals the critical angle, the emergent ray just grazes along
the second face — that is, it emerges at an angle of 90°. This occurs when the critical angle
equals the prism angle A, in a thin prism approximation.

- Reason (R) is false: The refractive index p of a material does not depend on the prism
angle. It is a property of the material and depends only on the wavelength of light and
temperature. The angular deviation produced by the prism depends on both refractive index

and angle of prism, but not the refractive index itself.

10



In a prism, if the internal angle of incidence equals the critical angle, the emergent ray

grazes the face. Refractive index depends on the medium, not the prism’s geometry.

14. Assertion (A): A charged particle is moving with velocity ¢ in the x—y plane, making an
angle 0 (0 < 0 < T) with the x-axis. If a uniform magnetic field B is applied in the region,
along y-axis, the particle will move in a helical path with its axis parallel to the x-axis.
Reason (R): The direction of the magnetic force acting on a charged particle moving in a
magnetic field is along the velocity of the particle.

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

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of Assertion (A).

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

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

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

Solution:
Let us analyze the situation step-by-step:
Step 1: Nature of the velocity and magnetic field - The particle moves in the x—y plane. - The
velocity vector makes an angle 0 € (0, §) with the x-axis, so it has both x and y components.
- The magnetic field B is applied along the y-axis.
Thus:

U:vx%-l—vyj', ng}'

Step 2: Determine magnetic force The magnetic force is given by:

ﬁ:qﬂ’xé

¥ B = (04 + vy3) x (B]) = v B x J) +v,B(} x })
= va/% +0= val%

11



So only the x-component of velocity contributes to the force, and the force acts in the

z-direction (out of plane).

Step 3: Path of the particle The velocity component along the magnetic field

(vy)experiencesno force. T hecomponentperpendiculartothe field(v, )causestheparticletounder gocirculary
Thus, the actual path is a helical motion around the y-axis, because: - Motion due to v, is

uniform linear motion along y - Motion due to v, is circular in the x—z plane.
Therefore, the axis of the helix is along the y-axis, not the x-axis.
Step 4: Analyze the statements - Assertion (A) is false because the axis of the helical

motion is along the y-axis, not x-axis. - Reason (R) is also false because magnetic force is not

along velocity, but perpendicular to it.

Quick Tip

A particle moves in a helical path when its velocity has a component parallel to the mag-
netic field. The axis of the helix is along the direction of the magnetic field. Magnetic

force is always perpendicular to velocity.

15. Assertion (A): The minimum negative potential applied to the anode in a photoelectric
experiment at which photoelectric current becomes zero, is called cut-off voltage.
Reason (R): The threshold frequency for a metal is the minimum frequency of incident radi-
ation below which emission of photoelectrons does not take place.

(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: (B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the

correct explanation of the Assertion (A).

Solution:

12



- Assertion (A) is true: In a photoelectric experiment, when a negative potential (called
retarding or stopping potential) is applied to the anode, it slows down the photoelectrons. The
cut-off voltage (or stopping potential) is the minimum negative voltage at which even the most
energetic photoelectrons are unable to reach the anode, causing the photoelectric current to
become zero.

- Reason (R) is also true: The threshold frequency fj is the minimum frequency of incident
radiation required to eject photoelectrons from a metal surface. If the frequency is less than
fo, no electrons are emitted, regardless of the intensity.

- However, R is not the correct explanation for A. The cut-off voltage is related to the

maximum kinetic energy of the emitted photoelectrons, not the threshold frequency.

Cut-off (stopping) voltage is linked to kinetic energy: Kyax = eViop. Threshold fre-

quency is the minimum frequency required for photoemission.

16. Assertion (A): EM waves do not require a medium for their propagation.

Reason (R): EM waves are transverse waves.

(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: (B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the

correct explanation of the Assertion (A).

Solution:
- Assertion (A) is true: Electromagnetic (EM) waves can propagate through a vacuum —
they do not require a material medium. This is one of the fundamental properties of EM

waves, which distinguishes them from mechanical waves.

13



- Reason (R) is also true: EM waves are indeed transverse in nature. The electric field E
and magnetic field B oscillate perpendicular to each other and to the direction of propagation.
- However, R is not the correct explanation of A. The transverse nature of EM waves does
not explain why they can propagate without a medium. The ability of EM waves to propagate
in vacuum is due to the self-sustaining oscillation of electric and magnetic fields, as described

by Maxwell’s equations.

Quick Tip

EM waves consist of oscillating electric and magnetic fields that sustain each other and

do not require a medium. Being transverse is a property, not the reason for medium

independence.

Section-B

17. Two wires made of the same material have the same length [ but different cross-
sectional areas A; and As. They are connected together with a cell of voltage V. Find the
ratio of the drift velocities of free electrons in the two wires when they are joined in: (i)

series, and (ii) parallel.

Solution:
The drift velocity of electrons is given by:

1

Vq = @
where vy = drift velocity, I = current, n = number density of electrons, A = cross-sectional
area, ¢ = elementary charge.
(i) Series connection:
In a series circuit: - The current [ is the same through both wires. - So, the drift velocities

arc:
. 1 . 1 Vd1 . AQ

Vd1 = Vd2 = = —
d nAe’ d nAse vz Ay

(ii) Parallel connection:

14



R
Y

In a parallel circuit: - The voltage V' across each wire is the same. - Resistance R =

I < A - Therefore,

I Ay 1
LoCAL 22 A2 = bl nAie nAje ne
I A 1
e 2 Ao 1

nAse  nAse  ne Vg2

Quick Tip

In series circuits, current is constant, so drift velocity varies inversely with cross-
sectional area. In parallel circuits, voltage is constant, and current divides in proportion

to area, keeping drift velocities equal.

18. Draw energy band diagrams of n-type and p-type semiconductors at temperature
T > 0K. Show the donor/acceptor energy levels with the order of difference of their

energies from the bands.

Solution:

[ :
=0.01 - 0.05 eV

Electron energy
to
g MY
M

(b) T> 0K

n-type Semiconductor:

* Doping is done with a pentavalent element (e.g., phosphorus in silicon).

* Donor atoms introduce an energy level just below the conduction band.

* Electrons from donor levels easily get thermally excited to the conduction band.
* Fermi level (E') lies closer to the conduction band.

p-type Semiconductor:

* Doping is done with a trivalent element (e.g., boron in silicon).

* Acceptor atoms introduce an energy level just above the valence band.

15



* Electrons from the valence band jump to the acceptor level, leaving behind holes.
* Fermi level (Er) lies closer to the valence band.
Energy Difference:

* The donor level in an n-type semiconductor lies approximately 0.01eV below the con-

duction band.

* The acceptor level in a p-type semiconductor lies approximately 0.01 eV above the va-

lence band.

In n-type semiconductors, the majority carriers are electrons and the Fermi level shifts

upward. In p-type semiconductors, the majority carriers are holes and the Fermi level

shifts downward.

19. The ratio of the intensities at maxima to minima in Young’s double-slit experiment

is 25 : 9. Calculate the ratio of intensities of the interfering waves.

Solution:

In Young’s double-slit experiment, the resultant intensity at maxima and minima is given

by:

Ttnax . (\/I_1+ \/]_2)2

Imin (VI — V12)?

Given:
Imax 25
Imin 9
Taking square roots:
vVhi+vVh 5
Vh -V 3

Now apply componendo and dividendo:

16



Quick Tip

Use the identity:

Imax _ (\/I_1+\/I_2)2
Vi —Vh

Then apply componendo and dividendo to simplify the root ratio.

I min

20(a). Using the mirror equation and the formula of magnification, deduce that ‘‘the
virtual image produced by a convex mirror is always diminished in size and is located

between the pole and the focus.”

Solution:

The mirror equation is:

For a convex mirror:

* Focal length f is positive.

* Object is always in front of the mirror = u < 0.

* The image formed is virtual = v < 0 and always behind the mirror.

Let us solve the mirror formula for v:

1 1
v

SRS

—

Since f > 0 and u < 0, this results in 2 < 0 = v < 0. Also, the magnitude |v| < |ul,

v
meaning the image lies between the pole and focus.

Now, magnification:
m = % = m < 1 (in magnitude), and positive
Conclusion:
* The image is virtual (since v < 0),
e [t is erect (since m > 0),
* It is diminished (since |m| < 1),

17



* It lies between the pole and the focus of the convex mirror.

A convex mirror always forms a virtual, erect, and diminished image regardless of the

object’s distance. Use the sign convention carefully with the mirror equation.

OR,
20(b). A convex lens of focal length 10 cm, a concave lens of focal length 15 cm and a
third lens of unknown focal length are placed coaxially in contact. If the focal length of
the combination is +12 cm, find the nature and focal length of the third lens, if all lenses

are thin. Will the answer change if the lenses were thick?

Solution:
Let:

fi=+10cm, fy=—-15cm, f3=unknown, feq= +12cm

Use the formula for combination of thin lenses in contact:

L_1,1
feg 1 fo f3
Substitute values:

1 1 1 1 1 3—2 1 1 1 1

= - :> oA
1210 15 + f3 12 30 f3 12 30 - f3

ii_i_l—_5_2—i—i:>f—+20cm
f5 12 30 60 60 20

Nature: Since the focal length is positive, the third lens is a convex lens.
If lenses were thick: Yes, the result would change. For thick lenses, we need to account

for:
* Lens thickness,
* Lens separation,

¢ Refractive index,

18



¢ Use of lens-maker’s formula.

The simple additive formula for % is valid only for thin lenses in contact.

Quick Tip

For thin lenses in contact:
1 1 1

FTRTRTT

This formula does not apply for thick lenses; use the lens-maker’s formula in that case.

21. Calculate the binding energy per nucleon (in MeV) of a helium nucleus (gHe) .

Given:
m (3He) = 4.002603 u
My = 1.008665 u
my = 1.007825u
lu=931.5MeV/c?
Solution:

The helium nucleus has: - 2 protons (use my since proton mass is included in hydrogen
atom mass) - 2 neutrons

Step 1: Calculate mass of individual nucleons
Mass of 2 protons = 2 x 1.007825 = 2.015650u

Mass of 2 neutrons = 2 x 1.008665 = 2.017330u
Total mass of free nucleons = 2.015650 + 2.017330 = 4.032980 u

Step 2: Calculate mass defect
Am = mass of nucleons — mass of nucleus = 4.032980 — 4.002603 = 0.030377u
Step 3: Calculate binding energy

Total B.E. = Am x 931.5 = 0.030377 x 931.5 ~ 28.30 MeV

19



Step 4: Binding energy per nucleon

B.E./nucleon = @ =|7.075MeV

Quick Tip
To find binding energy per nucleon: 1. Add the masses of free protons and neutrons. 2.

Subtract the actual nucleus mass to get mass defect. 3. Multiply by 931.5MeV/u, then

divide by number of nucleons.

22. Write the mathematical forms of three postulates of Bohr’s theory of the hydrogen
atom. Using them, prove that for an electron revolving in the »™® orbit:
(a) the radius of the orbit is proportional to n?, and

(b) the total energy of the atom is proportional to (-5 ).

Solution:

Bohr’s Postulates:
1. Electrons revolve in discrete circular orbits around the nucleus without radiating energy.

2. Angular momentum of the electron is quantized:

nh

mor = —
2T

3. Radiation is emitted or absorbed when an electron jumps between orbits:
E=hv=E;—E;

(a) Radius of the orbit r « n?

Centripetal force is provided by Coulomb force:

2 2 2
muv 1 e 9 1 e
T dmeg T e (1)

From Bohr’s quantization:




Substitute (2) in (1):

2
nh 1 e? n?h? e?
m — R
2mrmr dreg T Am?mr?  Admwegr
Solve for 7:

n?h2eg 9

r o< 5 = Tn XN
Tme

(b) Total energy £ o< —

Kinetic energy:

1 2 :
K= —mp? = —< (from centripetal force)
2 8megr
Potential energy:
B 1 e?
 dmeg T
Total energy:
2 2 2
Fe K4l — e e e
8megr  4megr 8megr

1
n2

Butr xn? = E x —

To prove r o« n? and E « —1/n?, combine Coulomb’s force law with Bohr’s angular

A o __ nh mv> 1 &
momentum quantization: Use muvr = gt and "= = = - &

<

23. (a) Briefly explain Einstein’s photoelectric equation.

(b) Four metals with their work functions are listed below:
K=23eV,Na=2.75eV,Mo =4.17 eV, Ni = 5.15 eV.

The radiation of wavelength 330 nm from a laser source placed 1 m away, falls on these
metals. Which of these metals will not show photoelectric emission? What will happen

if the laser source is brought closer to a distance of 50 cm?

Solution:
(a) Einstein’s Photoelectric Equation:
Einstein explained the photoelectric effect using quantum theory. He proposed that light

consists of photons, each with energy:



When a photon strikes a metal surface, it transfers energy to an electron. If this energy
exceeds the work function ¢, the electron is emitted.
Einstein’s equation:

hV:¢+Kmax:>KmaX:hV_¢

where: - h = Planck’s constant, - v = frequency of incident light, - ¢ = work function, - K«
= maximum kinetic energy of photoelectrons.

(b) Step-by-step Analysis:

Given:

A=330nm=330x10""m, h=6.626x10"3* ¢=3x108

Energy of one photon:

he  6.626 x 1073 x 3 x 108

E=—= 50 10 ~6.02x 10719]
Convert to eV:
6.02 x 10~19
— T6x10-1 ~ 3.76eV

Compare with work functions:

* K=2.3¢eV less than 3.76 — Emission occurs

* Na=2.75¢V less than 3.76 — Emission occurs
* Mo =4.17 eV greater than 3.76 — No emission
* Ni=5.15 eV greater than 3.76 — No emission

Conclusion: - Metals Mo and Ni will not show photoelectric emission.
Effect of decreasing distance (from 1 m to 0.5 m): - Intensity increases (since intensity
o T%), - Number of emitted electrons increases (for those metals already emitting), - But

photon energy remains the same, - So Mo and Ni still will not emit electrons (since energy

< Q).

Photon energy depends only on wavelength (E = %¢), not on distance or intensity. Only

metals with £ > ¢ will emit electrons.

22



24. (a) (1) Write Biot—Savart’s law in vector form.
(ii) Two identical circular coils A and B, each of radius R, carrying currents / and /31 re-
spectively, are placed concentrically in XY and YZ planes respectively. Find the magnitude

and direction of the net magnetic field at their common centre.

Solution:

(i) Biot-Savart Law (Vector Form): The magnetic field B ata point due to a current
element 7 dl is given by:
Ho Idl xr

dB =
47 r2

where:
« dlis the current element vector,
* 7 1s the unit vector from source to field point,
* r is the distance between source and field point,

* 1 1s the permeability of free space.

(ii) Magnetic Field at the Centre:

For a circular coil carrying current 7, the magnetic field at its center is:

pol
B=—
2R

Let: - Coil A lies in the XY-plane and carries current /, - Coil B lies in the YZ-plane and
carries current v/31,

Step 1: Find individual magnetic fields:

By = Z—g, along z
Bp = a 02\1{5], along z (since B lies in YZ plane)
Step 2: Use vector addition: Let the net field be:
Bu = Byt By 2= M0V3L, | 1ol

2R 2R
Step 3: Magnitude of net field:

5 I pol pol
Boetl = /B2 + B2 =2 T3 =L o 10
| net| A + 2R + 2R R
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Step 4: Direction:

= 6 = 30° above z-axis

BB%

The magnetic field at the center of a circular loop is B = %LRI. Use vector addition

carefully when coils lie in perpendicular planes.

OR,
24(b). (i) A rectangular loop of sides [ and b carries a current I clockwise. Write the magnetic
moment 17 of the loop and show its direction in a diagram.
(ii) The loop is placed in a uniform magnetic field B and is free to rotate about an axis which

is perpendicular to B. Prove that the loop experiences no net force, but a torque 7 = 17 x B.

Solution:
(i) Magnetic Moment of a Rectangular Loop:

The magnetic moment of a current loop is given by:
m=1I-A

where A = [ x b is the area vector of the loop.
- The direction of m is given by the right-hand rule. - For clockwise current (when viewed

from a side), the magnetic moment vector 7 points into the plane of the loop.

(ii) Torque and Net Force on a Current Loop in Magnetic Field:

Net Force: Each side of the rectangular loop experiences a magnetic force due to the
magnetic field 5. But the forces on opposite sides are equal in magnitude and opposite in
direction, so they cancel out.

Net force =0

Torque: Each pair of forces forms a couple, which produces a torque. The net torque on
the loop is:

T=mxB
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This torque tends to align 7 with B, similar to the behavior of an electric dipole in an

electric field.

The torque on a current loop is given by 7 = m x B. There is no net force in a uniform

magnetic field, but a torque acts to align the magnetic moment with the field.

25. (a) How are electromagnetic waves produced?
(b) Write the wavelength range and one use of:
(1) Microwaves, and

(i1) Ultraviolet waves.

Solution:

(a) Production of Electromagnetic Waves:

Electromagnetic waves are produced by the acceleration of electric charges. When a
charged particle (like an electron) accelerates, it creates a time-varying electric field. This
changing electric field induces a changing magnetic field, and vice versa. This mutual gener-
ation leads to the propagation of electromagnetic waves.

Thus, an accelerated charge emits electromagnetic radiation.

(b) Wavelength Range and Uses:

(i) Microwaves:

* Wavelength range: ~ 1 mm to 30 cm

e Use: Used in radar systems, microwave ovens, and satellite communication.
(ii) Ultraviolet (UV) Waves:

* Wavelength range: ~ 10 nm to 400 nm

* Use: Sterilization of medical instruments and water purification.
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Electromagnetic waves arise due to accelerating charges. Microwaves are used for com-

munication; UV rays are useful for disinfection due to their high energy.

26(a). Two concentric circular coils of radii »; and r» (r2 > r;) are placed coaxially
with their centres coinciding. If a current / is passed through the outer coil, obtain the

expression for mutual inductance of the arrangement.

Solution:
Let: - Outer coil (large radius) has radius 79, - Inner coil (small radius) has radius rq, -
Current I flows in the outer coil, - Number of turns in the inner coil = n (assume 1 turn if not

given), - Magnetic field at center of a circular coil of radius r due to current 7 is:

p - tol
2r

Since r; < ro, the magnetic field due to the outer coil is almost uniform across the small
inner loop.

Step 1: Magnetic field at center of large coil:

I
B = Hot
27“2

Step 2: Magnetic flux through the inner coil:

1
d=pB.A=H". mr?
279
Step 3: Mutual Inductance M:
2
O M= M-S _ 0
1 219
M = pomr
27”2

To derive mutual inductance, first compute magnetic field from the source coil, then

calculate flux through the secondary coil using uniform field approximation.
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26(b). The current in a solenoid decreases steadily from 6 mA to 2 mA in 50 ms. If an

average emf of 0.4 V is induced, find the self-inductance of the solenoid.

Solution:
Given:
II=6mA=6x103A, L=2mA=2x10"2A
At =50ms =50 x 1073s, £=04V
Formula:
|A]] £ At
=L . ="
£ At YT A

AT=1-TL=(6-2)x102=4x10A

~04x50x107% 20 x 1077

L —
4 x 103 4 x 103

=5H

L = 5henry

Use & =L- % to calculate self-inductance when emf and rate of change of current are

given. Ensure units are in SI (A, s, V).

27. Explain the process of formation of ‘depletion layer’ and ‘potential barrier’ in a p-n
junction region of a diode, with the help of a suitable diagram. Which feature of junction

diode makes it suitable for its use as a rectifier?

Solution:

Formation of Depletion Layer:

* When a p-n junction is formed, electrons from the n-side diffuse to the p-side and recom-

bine with holes.
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 Similarly, holes from the p-side diffuse into the n-side and recombine with electrons.

* This movement results in the formation of a region near the junction devoid of free charge

carriers—called the depletion layer.
* It contains immobile positive ions on the n-side and negative ions on the p-side.
Formation of Potential Barrier:

* The immobile ions create an electric field that opposes further diffusion of charge carri-

Crs.

* This leads to the formation of a potential difference across the junction called the poten-

tial barrier.
* The barrier must be overcome by an external voltage for the current to flow.

Diagram: A suitable diagram shows: - The p and n regions, - Movement of electrons and

holes, - Formation of the depletion layer and potential barrier.

(Insert standard p-n junction diagram showing depletion region and energy bands)

Feature that makes it a rectifier:

* A p-n junction diode allows current to flow in one direction (forward-biased) and blocks

it in the reverse direction.

* This unidirectional conduction makes it suitable for use as a rectifier.

Depletion layer forms due to diffusion and recombination of charge carriers. The po-

tential barrier prevents further diffusion and defines the diode’s unidirectional behavior.

28. Two point charges of —5 uC and 2 uC' are located in free space at (—4 cm, 0) and (6 cm, 0)

respectively.
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(a) Calculate the amount of work done to separate the two charges at infinite distance.

(b) If this system of charges was initially kept in an electric field

- A
E= where A = 8 x 1O4NC*1m2,

T_27

calculate the electrostatic potential energy of the system.

Solution:

(a) Work Done to Separate Charges:

Given:
g =—-5uC=-5x10°C, @=2uC=2x107°C
r = distance between charges = 6cm — (—4cm) = 10cm = 0.1 m
_ 1 ae
dreg 1
—5x1079)(2 x 107° 10~
_ g0 (2@ XA g . — 0.9]
0.1

Answer:

(The work is negative because the charges attract, and external work is needed to separate

them.)

(b) Electrostatic Potential Energy in Field:
Electric Field: E = 4, with A =8 x 10*N C 'm?2

Electric Potential at distance :

vz—/E-dr:— %dr:é
r

r

Calculate potential at positions of charges:

rr=4cm=0.04m, ro9=6cm=0.06m

8 x 10% 8 x 10%
Vi= 2 o108V, 1 =22

~ 1. 109
0.04 0.06 33 x 107V

Potential energy:
U=qVi+@Ve=(=5x1079)(2 x 10°) + (2 x 107%)(1.33 x 10%)

U=—10+2.66 =|—7.34]]
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Work done to separate two charges equals the negative of potential energy. In a non-

uniform field, calculate potential via integration before computing energy.

29. Read the following paragraphs and answer the questions that follow.
When light travels from an optically denser medium to an optically rarer medium, at the
interface it is partly reflected back into the same medium and partly refracted to the second
medium. The angle of incidence corresponding to an angle of refraction 90° is called the
critical angle (ic) for the given pair of media. This angle is related to the refractive index of
medium 1 with respect to medium 2. Refraction of light through a prism involves refraction
at two plane interfaces. A relation for the refractive index of the material of the prism can be
obtained in terms of the refracting angle of the prism and the angle of minimum deviation.
For a thin prism, this relation reduces to a simple equation. Laws of refraction are also valid
for refraction of light at a spherical interface. When an object is placed in front of a spherical
surface separating two media, its image is formed. A relation between object and image
distance, in terms of refractive indices of two media and the radius of curvature of the spherical
surface can be obtained. Using this relation for two surfaces of lens, ’lense maker formula’ is
obtained.
(i). A small bulb is placed at the bottom of a tank containing a transparent liquid (re-
fractive index n) to a depth H. The radius of the circular area of the surface of liquid,
through which the light from the bulb can emerge out, is R. Then () is:

(A) =
(B) Vn? -1
(©) =

n2+1

(D) vn?+1

Correct Answer: (A) \/%

Solution:
Step 1: Understand the setup.

The bulb is at depth H in a liquid (refractive index n). Light emerges into air (refractive index
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1) within a circular area of radius R, determined by the critical angle.
Step 2: Apply the critical angle concept.

At the critical angle 6., light just emerges (angle in air = 90°). Using Snell’s law:
nsinf. =1-sin90° = sinf, = —

Step 3: Relate R and H.
In the right triangle formed by the light ray:

n
sin 6. 1 1
tanf, = n
cos 0 \/n2—1 \/712 -1
n2
Thus:
R 1
E:tanﬁc: v

Step 4: Match with options.

The expression matches option (A).

For refraction problems at interfaces: - Use the critical angle when light emerges from

a denser to a rarer medium (sin 0, = %). - Use geometry to relate distances to the angle

of incidence.

(ii) (a). A parallel beam of light is incident on a face of a prism with refracting angle 60°.
The angle of minimum deviation is found to be 30°. The refractive index of the material
of the prism is close to:

(A) 1.3
(B) 1.4
(C) 1.5
(D) 1.6
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Correct Answer: (B) 1.4

Solution:

Step 1: Define the given quantities.

Refracting angle A = 60°, angle of minimum deviation §,, = 30°.
Step 2: Use the formula for minimum deviation.

The refractive index n of the prism is given by:

sin (_Agém)
n=-—————=-
i (3)
Step 3: Substitute the values.
A+ 0,  60°+30° A 60°
= = 4 ° _— = et O.
2 2 5 2 2 30

o A2
sin30° 1

Step 4: Match with options.

The value 1.414 is closest to 1.4, so the answer is option (B).

A46m

2

For prism problems: - Use the minimum deviation formula n = % - Common

angles like 30°, 45°, and 60° have simple sine values for quick calculations.

OR, (b). The angle of minimum deviation for a ray of light incident on a thin prism,
made of crown glass (n = 1.52) is §,,,. If the prism was made of dense flint glass (n = 1.62)
instead of crown glass, the angle of minimum deviation will:

(A) decrease by 4%
(B) increase by 4%
(C) decrease by 19%
(D) increase by 19%

Correct Answer: (D) increase by 19%
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Solution:
Step 1: Use the formula for a thin prism.

For a thin prism, the angle of minimum deviation is:

where n is the refractive index, and A is the refracting angle.
Step 2: Calculate for crown glass.

For crown glass (n; = 1.52):
Oom1 = (1.52 —1)A = 0.52A.

Step 3: Calculate for dense flint glass.
For dense flint glass (n2 = 1.62):

Smz = (1.62 — 1)A = 0.62A.

Step 4: Find the percentage change.
Change in angle:

Om2 — O0m1 = 0.62A4 — 0.52A = 0.10A.

Percentage change:

Om2 — Om1 0.10A 0.10
——— X 100 = —— x 100 = — x 100 ~ 19.23%.
5 x 100 050A x 100 052 x 100 9.23%

Since d,,2 > 1, the angle increases by approximately 19%.
Step 5: Match with options.
The result matches option (D).

For thin prism problems: - Use the approximation ¢,, = (n — 1) A. - Percentage change

in §,, is proportional to the change in (n — 1).

(iii). An object is placed in front of a convex spherical glass surface (» = 1.5 and radius
of curvature R) at a distance of 4R from it. As the object is moved slowly close to the

surface, the image formed is:
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(A) always real
(B) always virtual
(C) first real and then virtual

(D) first virtual and then real
Correct Answer: (C) first real and then virtual

Solution:
Step 1: Set up the refraction formula.
Light travels from air (n; = 1) to glass (no = 1.5). The surface is convex toward air, so R is

positive. The refraction formula is:

nz n nz —nj

v —4 R’

15 05 1 1

v R 4R 4R’
v=06R.

The image is real (v > 0).

Step 3: Transition point (v = —2R).

Step 4: Closer position (v = —R).

) —R R’
15__0.5

v R’
v=—15R.



The image is virtual (v < 0).
Step 5: Conclusion.
Initially (v = —4R), the image is real. As the object moves closer (Ju| < 2R), the image

becomes virtual. Thus, the answer is option (C).

For spherical surface problems: - Use =2 — =1 = ™27, - Sign of v determines if the

image is real (v > 0) or virtual (v < 0).

(iv). A double-convex lens, made of glass of refractive index 1.5, has focal length 10 cm.
The radius of curvature of its each face, is:
(A)10cm
(B) 15cm
(C)20cm
(D) 40 cm

Correct Answer: (A) 10 cm

Solution:
Step 1: Use the lensmaker’s formula.

For a lens in air:

where f = 10cm, n = 1.5.
Step 2: Assign sign convention.
For a double-convex lens, Ry = +R (first surface convex to the left), R» = — R (second surface

convex to the right):



Step 4: Match with options.

The radius of curvature is 10 cm, which matches option (A).

For lens problems: - Use the lensmaker’s formula ; = (n — 1) (- — ;). - For a

double-convex lens with equal radii, R; = R, Ry = —R.

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

In a metallic conductor, an electron, moving due to thermal motion, suffers collisions with
the heavy fixed ions but after collision, it will emerge with the same speed but in random di-
rections. If we consider all the electrons, their average velocity will be zero. When an electric
field is applied, electrons move with an average velocity known as drift velocity (vg). The
average time between successive collisions is known as relaxation time (7). The magnitude
of drift velocity per unit electric field is called mobility ().

An expression for current through the conductor can be obtained in terms of drift velocity,
number of electrons per unit volume (n), electronic charge (—e¢), and the cross-sectional area
(A) of the conductor. This expression leads to an expression between current density ()
and the electric field (E). Hence, an expression for resistivity (p) of a metal is obtained.
This expression helps us to understand increase in resistivity of a metal with increase in its
temperature, in terms of change in the relaxation time (7) and change in the number density
of electrons (n).

(i). Consider two cylindrical conductors A and B, made of the same metal connected in
series to a battery. The length and the radius of B are twice that of A. If 4 and up are
the mobility of electrons in A and B respectively, then Z—*B‘ is:

(A) §

(B) §
(©)2
(D) 1
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Correct Answer: (D) 1

Solution:
Step 1: Define the given quantities.
Let the length of A be I4 = [, radius of A be r4 = r. Then, for B: [z = 2I, rg = 2r. Since A
and B are in series, the current [ is the same.
Step 2: Calculate the resistance.

Resistance R = %, where A = 7r2.

For A: Ry = Wp—rlg.
For B: Rp = 7rp((227‘l))2 = 27’#.

Step 3: Find the electric field.
Potential difference: V4 = IRy = Iﬁp—?é, Vg =IRp = ]%.
. . V. I V; I
Electric field: £4 = 74 = 4, Ep = 2= e

Step 4: Relate current to mobility.

Current density J = nepE. Since A and B are the same metal, » and e are the same.
1

For A: L, = (nepa)2% =

T2 2 P = nepa "
For B: ;L = ( )i = p=t
cInrz = NEUB) 142 P = neug "
Step 5: Find the ratio.
Equate the expressions for p: MLA = neluB = Z—;‘ =1.

Thus, the answer is option (D).

Quick Tip

For problems involving conductors in series: - The current is the same in series, so use
V' = IR to find the electric field. - Mobility relates to conductivity via o = nepu, where

1
o = —.
p

(ii). A wire of length 0.5 m and cross-sectional area 1.0 x 10~7 m? is connected to a battery
of 2 V that maintains a current of 1.5 A in it. The conductivity of the material of the wire
(in Q! -m1)is:

(A) 2.5 x 104
(B) 3.0 x 10°
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(C) 3.75 x 106
(D) 5.0 x 107

Correct Answer: (C) 3.75 x 10°

Solution:

Step 1: Define the given quantities.

Length [ = 0.5m, cross-sectional area A = 1.0 x 10~"m?, voltage V' =2V, current [ = 1.5 A.
Step 2: Calculate the resistance.

Using Ohm’s law V' = I R:
V 2 4
= —= — = - Q_
h I 15 3

Step 3: Relate resistance to resistivity.
Resistance R = %l. Solve for resistivity p:

A 2x10x1077 Ex1077
p:R =3 =3 _ % 1070 m.
I 0.5 0.5 3

Step 4: Calculate conductivity.

Conductivity o =

1 3
o=g——=1°x 10" =375 x 10°Q~1 . m~L,
3><1O_7 8

Thus, the answer is option (C).

For conductivity problems: - Use R = %f to find resistivity, then o = %. - Ensure units

are consistent: o in Q1 - m™1.

(iii). The temperature coefficient of resistance of nichrome is 1.70 x 10~* °C~L. In order to
increase the resistance of a nichrome wire by 8.5%, the temperature of the wire should
be increased by:

(A) 250°C
(B) 500°C
(C) 850°C
(D) 1000°C
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Correct Answer: (B) 500°C

Solution:
Step 1: Define the given quantities.
Temperature coefficient a = 1.70 x 10~4°C ™!, percentage increase in resistance % =8.5% =
0.085.
Step 2: Use the temperature coefficient formula.

The change in resistance is:
AR

? = aAT.
Rearrange to find AT"
AR
AT = -
«
Step 3: Substitute the values.
0.085 0.085

AT x 10* = 0.05 x 10* = 500°C.

T 170x 1071 170
Thus, the temperature should be increased by 500°C, which matches option (B).

For temperature coefficient problems: - Use % = aAT to find the temperature change.

- Convert percentage increase to decimal form (e.g., 8.5% = 0.085).

(iv) (a). Consider the contribution of the following two factors I and II in resistivity of a
metal:
I. Relaxation time of electrons
I1. Number of electrons per unit volume
The resistivity of a metal increases with increase in its temperature because:
(A) I decreases and II increases.
(B) Iincreases and II is almost constant.
(C) Both I and II increase.

(D) I decreases and II is almost constant.

39



Correct Answer: (D) I decreases and II is almost constant.

Solution:
Step 1: Understand resistivity in a metal.

The resistivity of a metal is given by:

where m is the electron mass, n is the number of electrons per unit volume, e is the electron
charge, and 7 is the relaxation time.

Step 2: Analyze the effect of temperature.
- Factor I (Relaxation time 7): As temperature increases, atomic vibrations increase, causing
more frequent electron collisions, reducing 7. So, 7 decreases.
- Factor II (Number of electrons n): In a metal, n is nearly constant with temperature, as
thermal energy does not significantly change the number of free electrons.

Step 3: Relate to resistivity.
Since p % and n is constant, a decrease in 7 increases p. Thus, the resistivity increases

because I decreases and II is almost constant, which matches option (D).

For resistivity problems: - Resistivity p o %, where 7 decreases with temperature. - The

number of free electrons n in metals remains nearly constant with temperature.

OR, (b). A steady current flows in a copper wire of non-uniform cross-section. Consider
the following three physical quantities:
L. Electric field
II. Current density
III. Drift speed
Then at the different points along the wire:
(A) II and III change, but I is constant.
(B) I and II change, but III is constant.
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(C) I and III change, but II is constant.
(D) All 1, 11, and I1I change.

Correct Answer: (D) All I, II, and III change.

Solution:

Step 1: Define the quantities.

Steady current [ is constant. The cross-sectional area A varies along the wire.

- I: Electric field E.

- II: Current density J.

- [II: Drift speed v,.
Step 2: Analyze each quantity.

- Current density: J = %. Since I is constant and A varies, J changes.

- Drift speed: I = neAuvy, so vy = ﬁ. Since n, e, I are constant and A varies, vy changes.

- Electric field: / =oF,so F = § = ULA. Since o, I are constant and A varies, £/ changes.
Step 3: Conclusion.

All three quantities—I (electric field), II (current density), and III (drift speed)—change along

the wire due to the varying cross-section. Thus, the answer is option (D).

For non-uniform conductors: - Current / is constant in a single path. - Quantities like

J,vq, E vary inversely with the cross-sectional area A.

Section-E

31. (a)(i) Explain with the help of a labelled ray diagram the formation of final image by

an astronomical telescope at infinity. Write the expression for its magnifying power.

Solution:
Working Principle: An astronomical telescope is used to view distant celestial objects. It

consists of two convex lenses:
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- Objective lens (large focal length)
- Eyepiece lens (shorter focal length)

When the final image is formed at infinity, the intermediate image formed by the objective
lies at the focus of the eyepiece. The final image is then a virtual, magnified, and inverted

image at infinity.

—__ Objective b I 1 Eyepiece
——_A
™~ b S|
" n
et S B B .
| e h | | [ E «
L
A A

Magnifying Power (M): For final image at infinity,
o
Je

where f, = focal length of objective, f. = focal length of eyepiece.

M

To get the final image at infinity in a telescope, place the intermediate image formed by

the objective at the focus of the eyepiece. This gives relaxed viewing with maximum

comfort.

31. (a)(ii) The total magnification produced by a compound microscope is 20. The mag-
nification produced by the eyepiece is 5. When the microscope is focused on a certain
object, the distance between the objective and eyepiece is observed to be 14 cm. Calcu-
late the focal lengths of the objective and the eyepiece. (Given that the least distance of

distinct vision = 25 cm)

Solution:
Given: - Total magnification: M = 20 - Eyepiece magnification: M, = 5 - Length of
microscope: L = 14 cm - Least distance of distinct vision: D = 25cm

Step 1: Objective magnification

M
M:MOMejMO:E:E:ZL
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Step 2: Formula for objective magnification:

L— fe 14 — fe
7, 7o 0
Step 3: Formula for eyepiece magnification (for relaxed eye):
D 25 25 25
Me=1+—=5=14+—=—=4= f.=— =6.25cm
Je fe  fe 4
Step 4: Substitute /. in (1):
14 — 6.25 7.75 7.75
d=———=41= = fo=——=1.9375¢cm
Jo fo 4

Answer: - Focal length of objective f, = 1.9375cm - Focal length of eyepiece f. = 6.25cm

Quick Tip

In compound microscopes, total magnification is the product of objective and eyepiece
magnifications. Use M, =1 + % for near-point viewing and M, = Lf;f for calculating

the objective focal length.

31. (b)(i) Two coherent light waves, each of intensity /,, superpose and produce an inter-
ference pattern on a screen. Obtain the expression for the resultant intensity at a point
where the phase difference between the waves is ¢. Write its maximum and minimum

possible values.

Solution:
Let the two interfering waves be of equal amplitude A, and intensity Iy oc A2

The resultant amplitude at a point with phase difference ¢ is:

Ap = 2Acos <§) = 1= A% = 4A? cos? (g) = I = 4] cos? <§)
Resultant Intensity:
I =4I, cos? (g)

Maximum Intensity: When ¢ = 0, 27, 4, .. ., cos (%) =1,

Imax = 4I()
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Quick Tip

Interference intensity varies with phase difference ¢ as I = 41 cos® (%) Always re-
member: maxima occur when waves are in phase, and minima when out of phase by

.

31. (b)(ii) In a single slit diffraction experiment, the aperture of the slit is 3 mm and the
separation between the slit and the screen is 1.5 m. A monochromatic light of wavelength
600nm is normally incident on the slit. Calculate the distance of (I) first order minimum,

and (IT) second order maximum, from the centre of the screen.

Solution:
Given: - Slit width @ = 3mm = 3 x 1073 m - Distance to screen D = 1.5m - Wavelength

A = 600nm = 600 x 1079 m

(I) First Order Minimum:

For single slit diffraction, the minima occur at:
asinf =mA form = =+1,£2,...

For small angles, sinf ~ tan = 4,

RN _)\_D_600><10_9><1.5
D T T T T 3103

Distance of first order minimum =

(IT) Second Order Maximum (Approximate):

—3x10*m=03mm

Secondary maxima in single slit are not sharp and lie approximately midway between two
minima.
So, second order maximum lies roughly between 1st and 2nd minima:

20D 2x 600 x 1077 x 1.5

a 3% 10-3 = 0.6mm

Position of 2nd minimum: y2 =
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Approximate position of 2nd maximum: y ~ YL ; 03 ; 06 _ 0.45 mm

Distance of second order maximum ~ | 0.45 mm

Quick Tip

In single-slit diffraction, minima occur at asinf = mJA, and secondary maxima lie
roughly midway between them. Use small angle approximation sin ~ % for small

diffraction angles.

32(a)(i). A parallel plate capacitor with plate area A and plate separation d has a capac-

itance . A slab of dielectric constant X having area A and thickness (%) is inserted in

the capacitor, parallel to the plates. Find the new value of its capacitance.

Solution:
Original capacitance (without dielectric):

_ =4

Co yi

Now, a dielectric slab of thickness ¢t = % and dielectric constant X is inserted between the

plates. This divides the capacitor into two regions:
* Region 1: Dielectric slab, thickness %, dielectric constant K
* Region 2: Remaining air gap, thickness %Td, dielectric constant 1

The two regions act like capacitors connected in series:

1 d d d/4 3d/4 d 1 3
1+2_/+/_( )

C~ coKA ' 20A  c0KA | c0A oA \4K ' 4
6()A 1 1
C = : e —
d (g +3) (ix +3)
Co
C’ _
(i +3)
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When a dielectric partially fills a capacitor, treat the setup as a series combination of

. . . . . . . 1 o dz
two capacitors: one with dielectric and one with air. Use & = > 5.

32(a)(ii). You are provided with a large number of 1 uF identical capacitors and a power
supply of 1200 V. The dielectric medium used in each capacitor can withstand up to 200
V only. Find the minimum number of capacitors and their arrangement required to

build a capacitor system of equivalent capacitance of 2 uF for use with this supply.

Solution:
Given:
Ceach = L uF,  Veaeh = 200V, Vigral = 1200V, Ceq =2uF

Step 1: Determine number of capacitors in series to handle 1200 V
Each capacitor can handle max 200 V, so:

1200
200

So, 6 capacitors must be connected in series to withstand 1200 V.

Capacitance of one series string:

¢ 1

Ciseries = E = 6 jns

Step 2: Determine number of such series strings to get 2 uF

Let m be the number of such series branches connected in parallel:
1
Total capacitors required:

N=m-n=12x6=|72]

Arrangement: Connect 12 branches in parallel, each having 6 capacitors in series.

To handle high voltage, capacitors are connected in series. To increase capacitance,

multiple series groups are connected in parallel.
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OR,
32(b)(i). An electric dipole of dipole moment j consists of point charges +¢ and —¢,
separated by 2a. Derive an expression for the electric potential in terms of its dipole
moment at a point at a distance = > « from its centre and lying: (I) along its axis, and

(IT) along its bisector (equatorial) line.

Solution:
Dipole moment:
pP=q-2a
Let us find electric potential V' at a point far from the dipole (z > a).
(I) Potential on axial line:

Point lies on the axis of the dipole (extension of line joining the charges).

1
V= ( g 4 )
dreg \x —a x+a
Use binomial approximation for z > a:

1 2qa 1 P
Ve —— — = — . —
dreg a2 4meg 22

1 p
vaxialzﬁgo'ﬁ

(IT) Potential on equatorial (bisector) line:

At this point, distances from charges are equal, but potentials are of opposite signs:

1 q _ q _ 0
dreg \ V22 + a2 Va2 + a2

Vequatorial =0

The axial potential varies as % and is non-zero. The equatorial potential cancels out

due to symmetry, resulting in V' = 0.
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32(b)(ii). An electric dipole of dipole moment p = (0.8 14 0.6 j’) x 1072 Cm is placed in an
electric field £ = 1.0 x 107 k£ V/m. Calculate the magnitude of the torque acting on it and

the angle it makes with the x-axis at this instant.

Solution:
Given:
7=(08i40.67)x1072Cm, E=10x10"kV/m

Torque on a dipole:

FP=px E
i J k
7=10.8%x10"2 0.6 x 102 0 = 2(0.6x10722.0)—5(0.8x10727.0)+-k(0.8x 10~2%.0—0.6 x 10~ 2.
0 0 1.0 x 107

~

= 7= (0.6 x107%)i— (0.8 x 1072%)

7=(6.07—8.07) x 107> Nm

Magnitude of torque:

7] = 4/(6.0)2 + (8.0)2 x 10723 = /36 + 64 x 1072 = V100 x 1072 =10 x 1072

17| = 1.0 x 10722 Nm

Angle with x-axis:

0.8 4 4
tanf = — = - =0=t _1<—)z °
an 06 5 an 5 53

!

Use the vector cross product 7 = p'x E to find torque. The direction of 7 is perpendicular

to both p'and E.

48



33(a)(i). With the help of a labelled diagram, explain the principle of working of a mov-
ing coil galvanometer. Write the purpose of using (i) radial magnetic field, and (ii) soft

iron core, in it.

Solution:
Principle: A moving coil galvanometer works on the principle that when a current-carrying
coil is placed in a magnetic field, it experiences a torque. The magnitude of the torque is pro-

portional to the current flowing through the coil.

Scale

Pointer —s Permanent magnel

Soft-iron
core

1
Uniform radial
magnetic fleld

Working:
* A rectangular coil is suspended in a uniform radial magnetic field.
* When current passes through the coil, it experiences a torque given by:

T=nBIlAsinf
* Due to the radial magnetic field, # = 90°, so:
T=nBIA

* This torque causes the coil to rotate, and the attached pointer moves over a calibrated

scale.
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* A restoring torque is provided by a phosphor bronze strip or spring. In equilibrium:
nBIA=Fk0 =01
where £ is the torsional constant.
(i) Purpose of Radial Magnetic Field:

* Ensures that the plane of the coil is always perpendicular to the magnetic field, i.e.,

f = 90°,sosinf = 1.

* Torque becomes directly proportional to current for all angular positions, giving a linear

scale.
(ii) Purpose of Soft Iron Core:
* Increases the strength of the magnetic field.
» Makes the field radial by concentrating the magnetic lines of force.
* Enhances sensitivity of the galvanometer.
Diagram:

(Insert labelled diagram showing the coil, radial magnetic field, soft iron core, pointer, and

suspension spring)

A radial field ensures torque is always maximum. A soft iron core enhances magnetic

flux and helps achieve radial field for greater sensitivity.

33(a)(ii). Define current sensitivity of a galvanometer. ‘“Increasing the current sensitivity

may not necessarily increase the voltage sensitivity.” Give reason.

Solution:
Current Sensitivity: The current sensitivity of a galvanometer is defined as the deflection

per unit current flowing through it. Mathematically,

§ nBA
S1=7="7"
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where 0 = angular deflection, / = current, n» = number of turns, B = magnetic field strength, A
= area of the coil, k£ = torsional constant of the spring.

Voltage Sensitivity: The voltage sensitivity is defined as the deflection per unit voltage:

0 S
S = — = —
VTV TR

where R is the total resistance of the galvanometer circuit.

Explanation: Even if the current sensitivity increases (i.e., St increases), the voltage sen-
sitivity depends inversely on the resistance R. If improving current sensitivity leads to an
increase in resistance (such as using thinner wire with more turns), then voltage sensitivity
may not increase. Thus, increasing current sensitivity does not always guarantee increased

voltage sensitivity.

Current sensitivity depends on magnetic field and coil dimensions, while voltage sensi-

tivity also depends on circuit resistance. High resistance can reduce voltage sensitivity.
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