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DEPARTMENT OF SCIENCES, I SEMESTER M.Sc (PHYSICS)  

END SEMESTER EXAMINATIONS, NOVEMBER 2019 
 

MATHEMATICAL METHODS OF PHYSICS [ PHY 4101] 
 

 (REVISED CREDIT SYSTEM-2017) 
 

Time: 3 Hours                      Date: 15-11-2019                        MAX. MARKS: 50 

Note:   (i) Answer ALL questions 

           (ii) Draw diagrams wherever necessary 

1A.  Define residue of the function of complex variable. How do you calculate the residue for 

mth order (m > 1) pole? State and prove residue theorem.                                                               

 

1B.  Using residue theorem, evaluate          𝐼 =  ∫
cos 2𝜃 𝑑𝜃

5−4 cos 𝜃

2𝜋

0
                                                      

                            (5+5) 

 

2A.  Find the inverse Laplace transform of the function 𝑔(𝑠) =  
1

(𝑠2+𝑎2)(𝑠2+𝑏2)
,           𝑎2 ≠  𝑏2 

2B.  State and prove Fourier integral theorem. What is the value of the integral at points of 

discontinuity?  

                            (5+5) 

 

3A.  Using the generating function, (1 − 2𝑥𝑡 + 𝑡2)−1 2⁄ , obtain the series form of Legendre’s 

function 𝑃𝑛(𝑥). Show that 𝑃𝑛(−𝑥) =  (−1)𝑛𝑃𝑛(𝑥).                                                                                       

3B.  The generating functions for Bessel function and Hermite function are 𝑒
𝑥

2
(𝑡 − 

1

𝑡
)
 and 

𝑒2𝑥𝑡− 𝑡2
respectively. Prove the following recurrence relations. 

(i) 𝐽𝑛−1(𝑥) + 𝐽𝑛+1(𝑥) =  
2𝑛

𝑥
𝐽𝑛(𝑥) 

(ii) 2𝑛𝐻𝑛−1(𝑥) =  𝐻𝑛
/
(𝑥)                                                                                   

(6+4) 

 

4A.  Define a permutation group. Obtain the multiplication table. Show that permutation of n 

identical objects form a group (example of a S3 group). 

4B.  Show that gradient of a scalar field is a covariant tensor 

4C.  Define (i) Contravariant tensor of rank one (ii) Covariant tensor of rank one (iii) mixed 

tensor of rank two. 

                            (5+2+3) 

 

5A.  State Gauss’ theorem. Obtain an expression for divergence of vector field in curvilinear 

coordinates. 

5B.  Find the eigen values and eigen vectors of the following matrix, 𝐴 =  [
   6 −2    2
−2    3 −1
   2 −1    3

]. 

 

(6+4)  
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