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BACHELOR OF SCIENCE (B. SC.)  

Term-End Examination 

December, 2023 

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) Show that the matrix : 

 
  

 

1 3 2
A

3 2 4

i

i
  

is Hermitian. 

(b) Determine the eigen values of the following 

matrix : 

0 2
P

2 0
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(c) Define symmetric and antisymmetric 

tensors. 

(d) Show that   2f z z  is analytic in the 

entire z-plane. 

(e) Obtain the singular points for the  

function :  

 
 2 2

1

9
f z

z z



  

(f) Determine the Laplace transform of the 

function ate  for s a . 

(g) Using the Rodrigue’s formula for Legendre 

polynomials : 

    21
P 1

2 !

n n

n n n

d
x x

n dx
  

Obtain P2 (x).  

(h) Find the Fourier transform of : 

 


 


1 for | |

0 for | |

x a
f x

x a
  

2. Attempt any two parts : 2×5=10 

(a) Determine the eigen values and eigen 

vectors of the following matrix : 

3 4
A

5 5
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(b) Show that every eigen value of a unitary 

matrix is of unit modulus. 

(c) Show that the roots of 4 1 0z    form a 

cyclic group of order 4. 

3. Attempt any two parts : 2×5=10 

(a) Prove that xu e   sin cosx y y y  is 

harmonic. 

(b) Using Cauchy’s integral formula, evaluate 

the following integral : 

   


 C

4 3

1 2

z
dz

z z z
  

where C is the circle : 
3

2
z  . 

(c) Obtain the Taylor series expansion of the 

function cos2 z about z = 0.  

4. (a) Calculate the inverse Laplace transform of 

the function : 5 

 
2

1 9

s

s  
  

(b) Determine the Fourier cosine integral 

representation of the function :  

 
 

 


0

0

q x a
f x

x a
  

where q is a positive constant. 5 
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Or 

Using Laplace transform, solve the initial value 

problem : 

4 4 64sin2y y y t      

given that    0 0, 0 1y y  . 10 

5. Answer any two parts : 2×5=10 

(a) Expand the function   2f x x  in a series 

of the form  
0

A Pk k
k

x




 . 

(b) Using the relation : 

              
 





 
   

    


2

0

1
J 1

! 1 2

k m
k

m
k

x
x

k m k
  

show that  
1

2
1

2

2
J sinx x x





. 

(c) Using the generating function for Hermite 

polynomials : 

 
22

0

H
!

n
xt t

n
n

t
e x

n






    

show that : 

     H 1 H
n

n nx x   . 
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(i) 

(ii) 

(iii) 

× 

 
  

 

1 3 2
A

3 2 4

i

i
 

0 2
P

2 0
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  2f z z

z

 
 2 2

1

9
f z

z z




s a
ate

ª ª

    21
P 1

2 !

n n

n n n

d
x x

n dx
 

 2P x

 
 

 


1

0

x a
f x

x a
 

2×5=10

3 4
A

5 5
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 4 1 0z (roots)

2×5=10

 sin cosxu e x y y y 

]

   


 C

4 3

1 2

z
dz

z z z
 

C
3

2
z 

0z  2cos z

 
2

1 9

s

s  

 
 

 


0

0

q x a
f x

x a
 

] q
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]

4 4 64sin2y y y t     

    0 0, 0 1y y

2×5=10

  2f x x  
0

A Pk k
k

x




  

                  
 





 
   

    


2

0

1
J 1

! 1 2

k m
k

m
k

x
x

k m k
 

 
1

2
1

2

2
J sinx x x






 
22

0

H
!

n
xt t

n
n

t
e x

n






   

     H 1 H
n

n nx x    
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