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   CO BL 
Q.1(a) Demonstrate whether the vectors 𝑢 = (1,0,1),  𝑣 = (1,1,0) and 𝑤 = (0,1,1) are 

linearly dependent or independent.  
[2] 2 2 

Q.1(b) Prove that 𝐴 ⋅ (𝐴  ×  𝐵)  = 0 using the properties of the Levi-Civita tensor. [2] 2 2 
Q.1(c) Consider the first order differential equation:  

𝑥
ௗ௬

ௗ௫
+ 3𝑥 + 𝑦 = 0. 

After determining if this is exact or inexact, solve it. 

[2] 1,3 5,6 

Q.1(d) A layered triangular lattice is spanned by the basis vectors (in real space): 

𝑎ଵ  = (𝑎, 0,0),  𝑎ଶ = ቀ
௔

ଶ
, √ଷ௔

ଶ
, 0ቁ ,  𝑎ଷ = (0,0, 𝑐).  

Determine the reciprocal set of vectors for such a lattice. Note that the resulting 
vectors form the basis set which spans the reciprocal space of a layered 
triangular/hexagonal lattice. 

[4] 1,2 6 

     
Q.2(a) Compute the second order partial derivatives of 𝑓(𝑥, 𝑦)  =  𝑥ଷ𝑦  −  𝑦ଷ𝑥. [2] 1 3 
Q.2(b) Consider a simple harmonic oscillator (a spring mass system or a pendulum) of 

natural frequency 𝜔଴ externally driven by a periodic force𝑓(𝑡)  =  𝑚𝑎  cos(𝜔𝑡). 
The corresponding equation of motion is given by: 

ௗమ௫

ௗ௧మ + 𝜔଴
ଶ𝑥  =  

௙(௧)

௠
,  

where 𝑥 is the position. Given that at 𝑡 = 0 , we have 𝑥 = 𝑎,  
ௗ௫

ௗ௧
= 0, find 𝑥(𝑡). 

Discuss the solution if 𝜔 is approximately but not equal to 𝜔଴. 

[4] 1,3 6 

Q.2(c) 
 

In the case of inhomogeneous optical media consisting of two homogeneous 
media (𝑀ଵ and 𝑀ଶ) and their interface, the speed of light is piecewise constant 
in each homogeneous part (see Fig.). 
Suppose that light travels from point 𝑃ଵ(𝑥ଵ, 𝑦ଵ)  with constant speed 𝑣ଵ in 
medium 𝑀ଵto the point 𝑃ଶ(𝑥ଶ, 𝑦ଶ) with speed 𝑣ଶ in medium 𝑀ଶ. By optimizing 
the time taken subject to the constraint  

[4] 1,3 5,6 
 

 

 

   

 𝐿  =  𝑥ଵ + 𝑥ଶ, show that 
ୱ୧୬ థభ

௩భ
=

ୱ୧୬ థమ

௩మ
 (Snell’s law).    
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Q.3(a) Show that 𝛻𝑟௡ = 𝑛𝑟௡ିଶ 𝑟. [2] 1 2 
Q.3(b) Consider a particle moving on the perimeter of a circle, constrained due to a 

radial force. Obtain the direction of the force. What would be the equivalent 
expression if the particle is now constrained to move on the surface of a sphere. 

[3] 3  

Q.3(c) Consider a charge Q located at origin of the coordinate system. The electric field 
thereby produced will lead to flux through any surface (of your choice) enclosing 
the charge. Obtain the flux, defined as  ∫ ∇

 

௏
⋅ 𝐸 𝑑𝑉, using Gauss’s divergence 

theorem. 

[5] 3,4 2,5 

     
     

Q.4(a) Verify Stoke’s theorem for 𝐴 =  (2𝑥 − 𝑦) 𝚤 ̂ −  𝑦𝑧ଶ 𝚥̂ − 𝑦ଶ𝑧𝑘෠ , where S is the 
upper half surface of the sphere 𝑥ଶ + 𝑦ଶ + 𝑧ଶ = 1 and C is its boundary. 

[5] 4 2 

Q.4(b) Write down the properties of Dirac delta function and its representation using a 
box function, a Gaussian function and a Lorentzian function. 

[5] 5 1,2 

     
Q.5(a) Derive the expression for 𝛻𝑈 in cylindrical coordinates. [2] 3,5 1,2 
Q.5(b) Consider an arbitrary function 𝑓(𝑥, 𝑦) which can be re-expressed as 𝑔(𝜌, 𝜙), 

where 𝜌 and 𝜙 are the plane polar coordinates. Transform the expression 
డమ௙

డమ௫
+

డమ௙

డమ௬
 into one in 𝜌 and 𝜙 . 

[3] 3,5 2,6 

Q.5(c) Find the square of the element of arc length in spherical coordinate system and 
determine the corresponding scale factors. Subsequently, find the surface area 
element 𝑑𝑆 and the volume element 𝑑𝑉 . 

[5] 5 2,5,6 
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