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BACHELOR OF SCIENCE (B. SC.)
Term-End Examination

June, 2022
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) State the rank of the following tensor and
identify the free and dummy indices :
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(b) Show that the set of all non-singular
square matrices of order n forms a group
under matrix multiplication.
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(c) Verify that the matrix :

 
 
 
 
 
 

1 3
2 2A
3 1

2 2

is orthogonal.

(d) Show that the function   2f z z is non-

analytic except at the origin.

(e) Locate and name the singularity of the

function   sin zf z
z

 at 0z  .

(f) Determine the Laplace transform of

 f t t .

(g) Use Rodrigue’s formula of Hermite
polynomials :

     2 2H 1
nn x x

n n
dx e e

dx
 

to evaluate  3H x .

(h) Plot the Laguerre polynomials L0  x and

 1L x versus x.
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2. Attempt any two parts : 2×5=10

(a) Show that the eigenvalues of a Hermitian
matrix are real.

(b) Find eigenvalues and eigenvectors of the
matrix :

3 4P
4 3
 
   

(c) Show that  21, ,  is a cyclic group of

order 3 with respect to multiplication,
where  is the imaginary cube root of
unity.

3. Attempt any two parts : 2×5=10

(a) State Cauchy’s integral theorem. Evaluate

the integral
 2C 1
dz

z
, where C is a circle

3z  .

(b) Obtain the Taylor series representation of
log  1 z about 0z  .

(c) Using the method of residues, show that :

20 1 sin 2
d  


 
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4. Attempt any two parts : 2×5=10

(a) Obtain the Laplace transform of cos pt .

(b) Calculate the inverse Laplace transform
of :

  3 2
1F

6
ss

s s s



 

(c) Obtain the Fourier cosine transform of the
function :

 
     
 



cos ,
2 2

0 ,
2

x x
f x

x

5. Attempt any one part : 10

(a) Using the generating function for the
Legendre polynomials :

   
2 0

1, P
1 2

n
n

n
g x t x t

tx t




 

 


show that :

       1 1P 1 Pn nn x n x

   2 1 Pnn x x 

Hence, obtain the value of of  2P x . 8+2
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(b) The expression for Bessel function of the
first kind and of order m is given by :

   
 

2

0

1J 1
2! 1

k m
k

m
k

xx
k m k





       


Using this expression, show that :

 
1

21/2
2J sinx x x






and   
 


1/2

1/2
2J cosx x x . 5+5
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(iii)
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n

 
 
 
 
 
 

1 3
2 2A
3 1

2 2

  2f z z

0z    sin zf z
z



 f t t

ª

     2 2H 1
nn x x

n n
dx e e

dx
 

 3H x
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 0L x  1L x x

2 5=10

P

3 4P
4 3
 
   

,1 ]

 21, , 

× =

 2C 1
dz

z
] C, 3z 

0z   log 1 z
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20 1 sin 2
d  


 

2×5=10

cos pt

  3 2
1F

6
ss

s s s



 

 
     
 



cos ,
2 2

0 ,
2

x x
f x

x

ª

   
2 0

1, P
1 2

n
n

n
g x t x t

tx t




 

 


     1 11 Pn nnP x n x  

   2 1 Pnn x x 

 2P x 8+2
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m

   
 0

1J 1
! 1

k
m

k
x

k m k




 

 


2

2

k mx 
 
 
 

 
1

21/2
2J sinx x x






  
 


1/2

1/2
2J cosx x x 5+5
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