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MATHEMATICS-III 

Full Marks : 100 

Time : Three hours 

The figures in the margin indicate full marks for the questions. 

Answer any five questions 

 

1. a) Using Bernoulli’s theorem solve: 

(i) 
𝑑𝑦

𝑑𝑥
+

𝑦

𝑥
=

𝑦2

𝑥2             (ii) 
𝑑𝑦

𝑑𝑥
+

𝑦

𝑥
= 𝑥2𝑦2 

3x2=6 

 b) Find the Orthogonal trajectories (any two): 

(i) 𝑦 = 𝑚𝑥 + 𝑐            (ii) 𝑥𝑦 = 𝑐            (iii) 𝑟2 = 𝑎2 cos 𝜃 

4 x 2=8 

 c) Solve the following differential equation: 

(i) (5𝑥4 + 3𝑥2𝑦2 − 2𝑥𝑦3)𝑑𝑥 + (2𝑥3𝑦 − 3𝑥2𝑦2 − 5𝑦4)𝑑𝑦 = 0 

(ii) (𝑥 + 𝑦 − 10)𝑑𝑥 + (𝑥 − 𝑦 − 2)𝑑𝑦 = 0 

3 x 2 = 6 

2. a) Solve the following homogenous differential equations: 

      (𝑖) 
𝑑2𝑦

𝑑𝑥2 − 3
𝑑𝑦

𝑑𝑥
+ 2𝑦 = 𝑒3𝑥                (𝑖𝑖) 

𝑑2𝑦

𝑑𝑥2 + 2
𝑑𝑦

𝑑𝑥
+ 𝑦 = 𝑥 

      (𝑖𝑖𝑖) (𝐷2 + 4)𝑦 = sin 3𝑥                          (𝑖𝑣)(𝐷2 − 4𝐷 + 4)𝑦 = 𝑥3𝑒2𝑥 

4x4=16 

 b) Using the method of variation of parameters solve 
d2y

dx2
+ y = cosecx 4 

3. a) Solve the following homogenous differential equations: 

(i) (𝑦2 − 𝑥𝑦)𝑑𝑥 + 𝑥2𝑑𝑦 = 0     (ii) 
𝑑𝑦

𝑑𝑥
+

𝑥−2𝑦

2𝑥−𝑦
= 0 

5 x 2 = 10 

 b) A particle moves along the curve 𝑥 = 4𝑐𝑜𝑠𝑡, 𝑦 = 4𝑠𝑖𝑛𝑡, 𝑧 = 6𝑡. Find the velocity 

and acceleration at time 𝑡 = 0. 

5 

 c) Find the unit tangent vector to any point on the curve 𝑥 = 𝐴𝑐𝑜𝑠𝑡, 𝑦 =

𝐴𝑠𝑖𝑛𝑡, 𝑧 = 𝐵𝑡. 

5 

4. a) For the matrices 𝐴 = [
2 1 3
4 1 0

] , 𝐵 = [
1 −1
0 2
5 0

], verify that (𝐴. 𝐵)𝑇 = 𝐵𝑇 . 𝐴𝑇.                             
5 



 b) Express the matrix 𝐴 = [
4 2 2
2 4 4
4 2 2

] as the sum of a symmetric and skew 

symmetric matrix.     

5 

 c) 
Using elementary row operations find the inverse of the matrix 𝐴 =

[
1 2 1

−1 1 1
1 −3 1

].                

10 

5. a) Find the adjoint and hence the inverse of the matrix 𝐴 = [
1 2 −3
2 3 2
3 −3 −4

].                                     
6 

 b) Solve the following system of equations using the matrix inversion method: 

X + Y + Z = 6;    X + 2X = 7;     3X + Y + Z = 12  

7 

 c) Find the rank of the following matrix by reducing it to the Echelon form: 

   𝐴 = [
2 1 −1 4
1 −1 2 12
2 2 −1 9

] 

7 

6. a) If 𝑟 = 𝑠𝑖𝑛𝑡𝑖̂ + 𝑐𝑜𝑠𝑡𝑗̂ + 𝑡�̂� , find 
𝑑𝑟

𝑑𝑡
, 

𝑑2𝑟

𝑑𝑡2, |
𝑑𝑟

𝑑𝑡
|, |

𝑑2𝑟

𝑑𝑡2|.  2.5x4=10 

 b) Prove that   (i) 𝑑𝑖𝑣𝑟 = 3                   (ii) 𝑐𝑢𝑟𝑙𝑟 = 0. 3+2=5 

 c) Prove that a vector function �⃗�(𝑡) to have constant magnitude iff �⃗�(𝑡).
𝑑�⃗⃗�

𝑑𝑡
= 0. 5 

7. a) If 𝑓(𝑥, 𝑦, 𝑧) = 3𝑥2𝑦 − 𝑦3𝑧2 find 𝑔𝑟𝑎𝑑𝑓 at the point (1, −2, −1). 5 

 b) If 𝑓 = 𝑥2𝑦𝑖̂ − 2𝑥𝑧𝑗̂ + 2𝑦𝑧�̂�, find 𝑑𝑖𝑣𝑓, 𝑐𝑢𝑟𝑙𝑓, 𝑐𝑢𝑟𝑙(𝑐𝑢𝑟𝑙𝑓)). 5x3=15 
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