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                                        (3 Hours)                                        [Total Marks:75 

 N.B. (1) Answers to the TWO sections should be written in the SAME Answer book. 

(2) Figures to the right indicate full marks. 

(3) Use of non – programmable calculators / log tables is allowed. 

(4) Symbols have their usual meaning unless otherwise stated. 

  SECTION I 

MATHEMATICAL METHODS 

 

1. (a) Find the Fourier series of the function                                          

f(x) = x(x+1)+2          if –π < x <π.  

13 

 (b) Using the method of Laplace transform, solve the differential equation 

𝑦 ′′ + 2𝑦 ′ + 2𝑦 = 0 subject to initial conditions 𝑦(0) = 4, 𝑦 ′(0) = −12. 

 

  OR  

2. (a) Find the fourier transforms of  

(i) 3𝑥𝑒−𝑥2
 

(ii) 𝑒−𝑏𝑥        𝑥 > 0 , 𝑏 >0 

13 

 (b) Find the eigen-values and eigenvectors of 

                 A= (
2 2
2 −1

) 

 

    

3. (a) Check whether the following functions are analytic : 

(i) f(z)= 𝑧̅ 

(ii) f(z)= sin x cosh y + i cosx sinh y 

12 

 (b) State and prove Cauchy’s theorem for an analytic function f(z) on a closed 

contour C. 

 

  OR  

4. (a) Evaluate ∫
𝑐𝑜𝑠𝑥 𝑑𝑥

1+𝑥2

+∞

0
 12 

 (b) Evaluate  (i) ∮
𝑒𝑧

𝑧−2 
𝑑𝑧     (ii) ∮

𝑧3−6

2𝑧−𝑖 
 𝑑𝑧  
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5. (a) Assuming 𝑢(𝑥, 𝑡) = 𝜙(𝑥)𝜂(𝑡), solve the Differential equation 

𝜕𝑢

𝜕𝑡
= 𝑎2

𝜕2𝑢

𝜕𝑥2
 

Where ‘𝑎’ is constant subject to condition 𝜂(𝑡 = 0) = 1 

12 

 (b) Using Frobenius method determine the solution of-  (x2 – x)y’’ – xy’ + y = 0  

  OR  

6. (a) Solve the differential equation  : y’’ +y’ -2y = e2x 12 

 (b) Solve the differential equation y’’ + (1 + x2)y = 0 by power series method.  

  SECTION II 

CLASSICAL MECHANICS 

 

7 (a) Using D’Alembert’s principle, obtain the Lagrange’s equations of motion. 12 

 (b) Obtain the Lagrnage’s equations for a spherical pendulum i.e. mass point 

suspended by a rigid weightless rod. 

 

  OR  

8 (a) Use the Hamilton’s principle to obtain Lagrnage’s equations of motion. 12 

 (b) A particle is moving in a plane. Obtain an expression for the time 

derivative of angular momentum. 

 

9 (a) For a general system of point masses with position vectors 𝑟𝑖 and applied 

forces 𝑓𝑖 (including any forces of constraints) show that 

𝑇̅ =  − 
1

2
∑ 𝑓𝑖 ∙⃗⃗ ⃗⃗ ⃗ 𝑟𝑖

𝑖

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
 

13 

 (b) Assuming 𝑢 =  
1

𝑟
, for a central force motion , prove :  

𝑑2𝑢

𝑑𝜃2
+  𝑢 =  −

𝑚

𝑙2

𝑑 

𝑑𝑢
𝑉 (

1

𝑢
) 

Where  V is potential and 𝑙 = 𝑚𝑟2𝜃̇ is angular momentum. 

 

  OR  

10 (a) Obtain the equations of motion for small oscillations of a system around 

the point of equilibrium. 

13 

 (b) Determine the eigen frequencies and the eigen coordinates of a system 

with two degrees of freedom whose lagrangian is  

𝐿 =  
𝑚

2
(𝑥2̇ + 𝑦2̇) −  (𝜉1𝑥2 + 𝜉2𝑦2) + 𝜔2𝑥𝑦 … . 𝜔2 > 0 

 



Q.P.Code: 26838 

Turn Over 

3 

 

11 (a) Derive Hamilton’s equations of motion from variation principle. 13 

 (b) Obtain the condition for F2 (q,Q,t) to be the generating function of 

canonical transformations. 

 

  OR  

12 (a) If [𝜑, 𝜓] be the poison bracket of 𝜑 and 𝜓. Then prove that 

𝜕

𝜕𝑡
[𝜑, 𝜓] = [

𝜕𝜑

𝜕𝑡
, 𝜓] + [𝜑,

𝜕𝜓

𝜕𝑡
] 

 

13 

 (b) Show that 
𝑑𝐹

𝑑𝑡
=

𝜕𝐹

𝜕𝑡
+ [𝐹, 𝐻]  

 

 

-------------------------------------- 


