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1A. Solve 𝑦′′ − 𝑥𝑦′ = 0 with 𝑦(0) = 1, 𝑦(1) = 2 and ℎ =
1

4
 using finite difference method. 

1B. Solve 
𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2 = 0,   0 < 𝑥 < 1, 0 < 𝑦 < 1, 𝑢(𝑥, 1) = 𝑢(0, 𝑦) = 0 , 

       𝑢(1, 𝑦) = 9(𝑦 − 𝑦2), 𝑢(𝑥, 0) = 9(𝑥 − 𝑥2) and ℎ =
1

3
. 

1C. Use Crank-Nicolson method to solve  
𝜕𝑢

𝜕𝑡
=

1

16

𝜕2𝑢

𝜕𝑥2, 

       0 < 𝑥 < 1, 𝑡 > 0, 𝑢(𝑥, 0) = 100 sin 𝜋𝑥 , 𝑢(0, 𝑡) = 𝑢(1, 𝑡) = 0 

       Take ℎ =
1

4
  and 𝜆 = 1. calculate the solution for one time level. 

                                (3+3+4) 

2A. Solve the wave equation 
𝜕2𝑢

𝜕𝑡2 = 16
𝜕2𝑢

𝜕𝑥2 , 0 < 𝑥 < 5, 𝑡 > 0, 𝑢(𝑥, 0) = 𝑥2(5 − 𝑥), 

            
𝜕𝑢

𝜕𝑡
(𝑥, 0) = 0, 𝑢(0, 𝑡) = 𝑢(5, 𝑡) = 0, ℎ = 1.   Find 𝑢 for four time steps. 

2B. Obtain Fourier series for 𝑓(𝑥) = 𝑥(2𝜋 − 𝑥), where 𝑓(𝑥 + 2𝜋) = 𝑓(𝑥) in 0 < 𝑥 < 2𝜋. Hence 

deduce 

 
1

12
+

1

22
+

1

32
+ ⋯ … … . =

𝜋2

6
 

2C. Compute up to second harmonics of the Fourier series of 𝑓(𝑥) given in the following table 

where  𝑓(𝑥 + 2𝜋) = 𝑓(𝑥). 

Instructions to Candidates: 

 Answer ALL the questions. 

 Missing data may be suitable assumed. 
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x   0 𝜋

3
 

2𝜋

3
 

𝜋 4𝜋

3
 

5𝜋

3
 

  f(x) 1.0    1.4    1.9   1.7    1.5    1.2 

                  (3+3+4) 

3A  Find the Inverse Fourier transform of 𝑒− 
𝑠2

4  

3B. Find the Fourier sine transform of 𝑥𝑒−𝑎𝑥, 𝑥 > 0, 𝑎 > 0 

3C. Find the angle between the surfaces 𝑥2 + 𝑦2 + 𝑧2 = 9 and 𝑥2 + 𝑦2 − 𝑧 = 3 at the point 

(2, −1, 2).                                        (3+3+4) 

4A. Check whether �⃗� is conservative? If so find its scalar potential and find the work done in   

         moving an object in this field from (1, 2, 3) to (2, 3, 4). 

          �⃗� = (2x cosy − 2z3)𝒊 + (3 + 2𝑦𝑒𝑧 − 𝑥2 sin 𝑦)𝒋 + (𝑦2𝑒𝑧 − 6𝑥𝑧2)𝒌.   

4B. Given that �⃗� = 𝑥2𝑦2𝒊 + (𝑦𝑥3 + 𝑦2)𝒋. Verify Green’s theorem for  ∮ �⃗�. 𝑑𝑟
𝐶

 where the 

region is the triangle whose vertices are (0, 0), (4, 2) and (4, -8) 

4C. Verify Divergence theorem for �⃗� = 4𝑥𝒊 − 2𝑦2𝒋 + 𝑧2𝒌  taken over the region bounded by 

𝑥2 + 𝑦2 = 4, 𝑧 = 0 and 𝑧 = 3.              (3+3+4) 

           

5A. Solve 𝑢𝑥𝑥 + 𝑢𝑥𝑦 − 2𝑢𝑦𝑦 = 0  using the transformations  𝑣 = 𝑥 + 𝑦, 𝑧 = 2𝑥 − 𝑦. 

 

5B. Obtain solution of 𝑢𝑥 + 𝑢𝑦 = 2(𝑥 + 𝑦)𝑢 by method of separation of variables. 

 

5C. Derive one dimensional wave equation with suitable assumptions. 

        (3+3+4) 


