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1. (a) Evaluate ∇ሬሬ⃗ φ  at (1, -2, -1) if

(i) = 3x2y - y3z2 and  (ii)  φ =
1

r
 

 where  𝑟 =  (𝑥2 + 𝑦2 + 𝑧2)2 6

(b) The temperature of the points in space is given by

T(x, y, z) = x2 + y2 - z. A mosquito located at  (1, 1, 2)
desires to fly in such a direction that it will get
warm as soon as possible. In what direction should
it move? 4

Or
2. (a) Show that the area bounded by a simple closed

curve is 4

𝐴 =   
1

2
 ර (𝑥𝑑𝑦 − 𝑦𝑑𝑥)

𝑐
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(b) Derive the expressions for the unit vectors 𝑟̂, 𝜃෠ and 𝜑ො 
in terms of  𝑖̂, 𝑗̂ and 𝑘෠ 6

3. (a) Define Fourier series of a periodic function. 2

(b) Find the Fourier series representing f(x)=x, 0<x<2
and sketch its graph from x = -4 to x=4 8

Or
4. (a) Show that 2+2+1=5

(i) Γ(𝑛 + 1) = 𝑛Γ(𝑛) 
 

Γ(1/2) = √𝜋

   (ii) 

(𝑛 + 1) = 𝑛Γ(𝑛

Γ(1/2) = √𝜋 

(iii) Γ(7/2) =
15

8
√𝜋 

(b) Find the eigen values of the matrix 5

൭
6 −2 2

−2 3 −1
2 −1 3

൱ 

5. (a) Derive the Snell’s law of refraction using Fermat’s
principle of light. 5

(b) Consider a set of rays, parallel to the axis, incident
on a paraboloidal reflector. Show, by using Fermat’s
principle, that all the rays will pass through the
focus of the paraboloid. 5

Or
6. (a) Show that the power of a combination of two lenses

separated by a distance d is P= P
1
+P

2
- d(P

1
P

2
) 5

(b) What is achromatism? Find the condition for
achromatism of two lenses in contact. 5

7. (a) Explain briefly the spherical aberration? 2

(b) Show that the spherical aberration of a combination
of two thin lenses is minimum when their
separation is equal to the difference in their focal
lengths. 6

(c) Find the equivalent focal length of Huygen’s eye-
piece? 2

Or
8. (a) Show that the spherical and chromatic aberrations

of a system of two lenses separated by a distance d
is simultaneously minimum if the focal length of
field lens ( f

2 
) is equal to the three times the focal

length of eye-lens ( f
1 
) and separation of two lenses

is equal to the two times the focal length of the
eye-lens. 6

(b) Derive Newton’s lens equation x
1
x

2
 = f

1
f
2

4

9. (a) Show that the rate of decrease of the total energy
of a damped harmonic oscillator is proportional to
the square of velocity if the damping force is
proportional to the velocity. 4

(b) Find the amplitude and displacement of an oscillator
driven by an external force F(t) = F

0
Sint. 6

Or
10. (a) A plane progressive wave is given by

y=10sin (0.01x - 2.00t) where y and x ae expressed
in cm. Find (i) amplitude and (ii) frequency of the
wave and (iii) phase difference at an instant between
two points 40 cm apart. 3

(b) Derive the relation between the group velocity and
phase velocity. Show that they are equal for a non-
dispersive medium. 4

(c) Find the group velocity in a conducting medium and
show that it is the case of anomalous dispersion.

4


( 2 ) ( 3 )
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