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June, 2024 

PHE-14 : MATHEMATICAL METHODS IN 
PHYSICS—III 

Time : 2 Hours     Maximum Marks : 50 

Note : (i)  Attempt all questions. 

 (ii)  The marks for each question are 

indicated against it. 

 (iii) Symbols have their usual meanings. 

1. Attempt any five parts : 5×2=10 

(a) Define Covariant and Contravariant 

tensors of rank two. 2  

(b) Determine the eigen values of the  

matrix : 

 
  
 

0 3
A

1 0
  

(c) Calculate the residue of the function :  

 
  

3

2 3

z
f z

z z


 
  

at its poles.   
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(d) Show that the function   zf z e  is 

analytic.   

(e) Plot the Bessel functions of the first kind of 

order 0 and 1.  

(f) Obtain the Laplace transform of the 

function cos pt.  

(g) Obtain the Fourier cosine transform of the 

function :  

 

 
 

 
 



cos ,
2 2

0 ,
2

x x

f x

x

  

(h) Prove the orthogonality relation for the 

Legendre polynomials  1P x x  and  

P2 (x) = 
1

2
  23 1x  .  

2. Attempt any two parts : 2×5=10 

(a) Determine the eigen values and eigen 

vectors of :  

2 0 1

A 0 2 0

1 0 2

 
 

  
  
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(b) Diagonalize the matrix :  

2 6
A

0 1

 
  

 
  

(c) If   be the imaginary cube root of unity, 

show that the set  21, ,   is a cyclic group 

of order 3 with respect to multiplication.  

3. Attempt any two parts : 2×5=10 

(a) Using Taylor series, expand    sinf z z  

about 
4

z


 .  

(b) Calculate the value of the contour integral 

 
 3C 5

dz

z z
, where C is the circle 2z  .  

(c) Using the method of residues, show  

that : 

20 1 sin 2

d  


 
   

4. (a) Obtain the sine transform of  
axe

f x
x



 . 5 

(b) Obtain the inverse Laplace transform of 

the function 
2

9
ln i

s

 
 

 
. 5 
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Or 

Using Laplace transform, solve the initial value 

problem : 

2 4y y y      

given that     0 2, 0 1y y . 10 

5. Attempt any one part : 

 (a) Using the generating relation for Legendre 

polynomials : 

   




 
 


2

0

1
, P

1 2

n
n

n

g x t x t
tx t

  

obtain the recurrence relation : 10 

                  1 12 1 P 1 P Pn n nx x x n x n x        

(b) Derive the Rodrigue’s formula for Hermite 

polynomial. Show : 6+4 

  4 2
4H 16 4 2x x x     
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(i) 

(ii) 

(iii) 

× 

0 3
A

1 0

 
  
 

  

 
  

3

2 3

z
f z

z z


 
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  zf z e

cos pt

 

 
 

 
 



cos ,
2 2

0 ,
2

x x

f x

x

 

ª   1P x x

   2
2

1
P 3 1

2
x x 

2×5=10 

2 0 1

A 0 2 0

1 0 2

 
 

  
  
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2 6
A

0 1

 
  

 
 

,1 ]

 21, , 

2×5=10 

4
z




  sinf z z

 
 3C 5

dz

z z
  

] C 2z 

20 1 sin 2

d  


 
  

 
axe

f x
x




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2

9
ln i

s

 
 

 

]

2 4y y y     

   0 2, 0 1y y   

1 10 10 

ª

   
2

0

1
, P

1 2

n
n

n

g x t x t
tx t





 
 

  

            1 12 1 P 1 P Pn n nx x x n x n x      

ª

  4 2
4H 16 4 2x x x    

6+4
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