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Answer any five questions of the following:  [5×10] 

1. a)  Solve the equation (𝑦2 + 2𝑥2𝑦)𝑑𝑥 + (2𝑥3 − 𝑥𝑦)𝑑𝑦 = 0 

 

 b) Solve 𝑥2 𝑑2𝑦

𝑑𝑥2 − 2𝑥
𝑑𝑦

𝑑𝑥
− 4𝑦 = 𝑥2 + 2 𝑙𝑜𝑔𝑥 [3+7] 

 

2. a) Find singular points of the differential equation 

          (1 − 𝑥2)
𝑑2𝑦

𝑑𝑥2
− 2𝑥

𝑑𝑦

𝑑𝑥
+ 𝑛𝑦 = 0 

 b) Obtain the series solution of the equation 2𝑥(1 − 𝑥)
𝑑2𝑦

𝑑𝑥2 + (1 − 𝑥)
𝑑𝑦

𝑑𝑥
+ 3𝑦 = 0 [3+7] 

 

3. a) Find the eigen-values and the normalized eigen vectors of the matrix 

                                     [
5 0 √3
0 3 0

√3 0 3

] 

 b) Prove that any two eigen vectors of a real symmetric matrix are orthogonal provided the 

corresponding eigenvalues are different. [7+3] 

 

4. a) Solve the coupled differential equations: 

   
𝑑𝑥

𝑑𝑡
+ 2𝑥 − 3𝑦 = 5𝑡 ;  

𝑑𝑦

𝑑𝑡
− 3𝑥 + 2𝑦 = 2𝑒2𝑡  

 b) Verify Cayley-Hamilton Theorem for the following matrix: 

       A=[
3 −1 1

−1 2 −1
1 −1 2

]   and use the theorem to find 𝐴−1. [6+4] 

 

5. a) Find div(F) and Curl(F), where 𝐹 = 𝑥𝑦2𝑖̂ + 𝑥𝑧2𝑗̂ + 6𝑦2𝑧𝑘̂ at (2, 0, -1). 

 b)  Prove 𝐴. (𝐴 × 𝐵⃗⃗) = 0 

 c)  A vector field is given by 𝐹⃗ = sin 𝑦 𝑖̂ + 𝑥(1 + cos 𝑦) 𝑗̂ ; evaluate ∫ 𝐹
𝑐

. 𝑑𝑟 over a path given by 

𝑥2 + 𝑦2 = 𝑎2 and 𝑧 = 0. [4+2+4] 
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6. a) Evaluate∬ 𝐹⃗ . 𝑑𝑠̅; where 𝐹 = 18𝑧𝑖̂ − 12𝑗̂ + 3𝑦𝑘̂ and 𝑠 is the part of plane 6𝑥 + 2𝑦 + 3𝑧 = 12. 

 b) If 𝑢 = 𝑥𝑦𝑧, 𝑣 = 𝑥2 + 𝑦2 + 𝑧2 𝑎𝑛𝑑 𝑤 = 𝑥 + 𝑦 + 𝑧; find 
𝜕(𝑥,𝑦,𝑧)

𝜕(𝑢,𝑣,𝑤)
 [5+5] 

 

7. a)  Test 𝑉3(𝑅) linearly dependent or independent, where ∝1= (1, −1,1), ∝2= (1,0,0),  

       3 4 30,1,0 ,  0,0,1 ,   V R      

 b) If inner product define by < 𝑝, 𝑞 > = ∫ 𝑝(𝑥)𝑞(𝑥)𝑑𝑥
1

−1
, where 

   𝑝(𝑥) = 𝑥,  

  𝑞(𝑥) = 𝑥2; Show 𝑃 and 𝑞 are orthogonal. [5+5] 

 

8. a) Derive the relation between unit vectors of Cartesian and spherical polar coordinate.  

 b) Evaluate ∇ in spherical polar coordinate. [5+5] 
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