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Part-A
Attempt any three questions

1. (a) Find electric field and potential at a distance r from a uniformly charged disc on a axis perpendicular
to the plane of the disc. (7 marks)

(b) For a force whose components are, Fx = x − 2y, Fy = 2x − y and Fz = 2z, is the work done
independent of the path? (3 marks)

2. (a) Consider a uniformly charged rod along z-axis extending from (0, 0,−L/2) to (0, 0, L/2). Find the
associated electric field on the z = 0 plane at a point (x, y, 0). (5 marks)

(b) Find the electric field associated with the above charge configuration as L → ∞. Can you test the
validity of your result using Gauss divergence theorem. (5 marks)

3. (a) A circular loop is carrying an electric current of magnitude i. Find the magnetic field at the centre
of the loop. (5 marks)

(b) As the size of the above current carrying loop goes to zero, show that the magnetic field becomes
that of a magnetic dipole. Find the associated dipole moment. (5 marks)

4. (a) Prove the uniqueness theorem associated with electrostatic field. (5 marks)

(b) Find the surface charge density of a infinite charged plane, if it is known that two equipotential
surfaces separated by 1 m has a potential difference of 5 V. (5 marks)

Part-B
Attempt any seven questions

1. (a) State the Fermat’s principle. Using this principle derive the laws of refraction from a plane surface
separating two medium of refractive index n1 and n2. (5 marks)

(b) Using Fermat’s principle or otherwise, derive the laws of reflection from a curved mirror with radius
of curvature R. (5 marks)
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2. (a) If a ray of light passing through air gets refracted into a medium of refractive index n through a
curved surface of radius of curvature R, the object distance x and the image distance y are related by
the relation (1/x) + (n/y) = (n − 1)/R. Given this find out the focal length of a lens in terms of the
radii of curvature of the two surfaces. Hence derive the Lens formula. (5 marks)

(b) An equi-convex lens has focal length of 20 cm. Find out the radius of curvature of its surfaces. If
an object is placed at a distance of 40 cm from the lens, where the image will form? Subsequently,
if one places the object at a distance of 10 cm from the lens, what will be the location of the im-
age? (5 marks)

3. (a) Suppose there are two slits at a distance d apart and both are being illuminated by monochromatic
light from a distant point source. As a result interference pattern is observed on a screen which is D
distance away from the slits. Show that the locus of the bright as well as dark fringes are hyperbolas
with the two sources at the foci. (5 marks)

(b) If one introduces a thin slab of refractive index n in the path of one of the light ray forming
interference pattern, the central bright fringe moves to the location of mth bright fringe. Find out the
thickness of the slab. (5 marks)

4. (a) If a ray falls on a glass slab of thickness d and refractive index n with reflection coefficient r and
transmission coefficient t = 1− r2, show that the total normalized intensity of the reflected ray is,

Ir =
g2 sin2

(
∆
2

)
1 + g2 sin2

(
∆
2

)
where, ∆ = (4π/λ)nd cosφ with φ being the angle of refraction. Find out the normalized intensity
of the transmitted ray and hence demonstrate that the intensity of the reflected ray is maximum for
2nd cosφ = (2m± 1)(λ/2). (5 marks)

(b) Find out the fringe width between two consecutive Newton’s rings. (5 marks)

5. (a) When a narrow monochromatic source of light (λ = 589.3 nm) is placed at a distance of 50 cm
from the bi-prism (refractive index=1.5), width of the fringes obtained on a screen placed 1m from the
bi-prism is found to be 0.12 mm. Find the obtuse angle of the bi-prism. (5 marks)

(b) In a Newton’s ring experiment, the rings are formed using a source of light which has two wavelengths
λ1 and λ2. If mth order dark ring due to λ1 coincides with the (m + 1)th order dark ring due to λ2,
prove that the radius of mth dark ring of λ1 is equal to

√
λ1λ2R/(λ1 − λ2). Here R is the radius of

curvature of the lower surface. (5 marks)

6. (a) A thin transparent plate of refractive index 1.5 is introduced in one arm of Michelson interferometer.
It causes 10 fringe shift. Find the thickness of the plate. Assume the wavelength of light to be 600
nm. (5 marks)

(b) Find the least number of lines that a diffraction grating must have in order to resolve in the first order,
the red doublet originating from the mixture of hydrogen and deuterium. The wavelength difference is
0.18 nm and the mean wavelength is 656.3 nm. (5 marks)

7. (a) Suppose a parallel beam of light falls on two slits, each of width a and separation between them
being b. Hence show that the relative intensity of the pattern seen on a screen placed a large distance
away is (sin2 α/α2) cos2 β. Determine α and β in terms of a and b. (5 marks)

(b) The intensity of light coming out of diffraction grating corresponds to, (sin2 α/α2)(sin2Nβ/ sin2 β).
Given this find out the conditions on β leading to principal maxima as well as secondary maxima and
minima. (5 marks)

8. (a) Derive an expression for the resolving power and angular dispersive power of a diffraction grating,
given the condition of principal maximum being, (a + b) sin θ = mλ, while the condition for secondary
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minima is N(a + b) sin θ = pλ. Here a is the width of the slit and b is the separation between the two
slits. (5 marks)

(b) A diffraction grating, which is 2 cm wide is just able to resolve the Sodium lines at 589 nm and 589.6
nm as they are incident normally to the diffraction grating at second order. Hence find the number of
rulings per mm. (5 marks)

9. (a) Consider two electric fields, one along the x-direction and another along the y-direction with identical
magnitude. Show that if these two fields differ in phase by ±nπ, then we have plane polarized light, while
if these two fields differ by a phase ∓(π/2)± 2nπ then we have circular polarized light. (5 marks)

(b) Suppose you have placed two polarizers at 90o between their pass axis. Another polarizer is placed
between them, which is rotated at a constant angular velocity ω about their common central axis.
If un-polarized light of intensity I0 is incident on the first polarizer, then show that the intensity of
transmitted light is (I0/16)(1− cos 4ωt). (5 marks)

10. (a) Discuss the three processes by which energy can enter or exit from a two level system. Which one of
these three processes is important for Laser? In normal circumstances do we expect a system to exhibit
Laser-like emission? Explain. (5 marks)

(b) Define the A and B coefficients of Einstein. Using the Planck’s distribution function find out the
relationship between these coefficients. (5 marks)
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