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BACHELOR OF SCIENCE  

(B. Sc.)  
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December, 2025 

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 : 

(a) Show that the matrix A : 2 

 
 
 
  

 
 

1

2 2
A

1

2 2

i

i
 

is unitary. 
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(b) What are free index and dummy index 

in a tensor ? Identify and write free 

indices and dummy indices in the 

following equation : 2 

             A A
jij kli

k lkl

xx

x x


 

 
  

(c) Locate and name the singularity of the 

following function in the finite z-plane :  

2 

2

2

2

2 2

z z

z z



 
 

(d) Calculate the residue of the function : 2 

2

3

3

z

z z




 

(e) Obtain the Fourier transform of the 

function : 2 

 
 


, 0 1
( )

0, otherwise

x x
f x  

(f) Obtain the Laplace transform of 

5 cos .te t   2 
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(g) Write the Legendre polynomials 0P ( )x  

and 1P ( )x  and show that they are 

orthogonal.  2 

(h) Plot Laguerre polynomials L ( )n x  for  

n = 0 and n = 1. 2 

2. Attempt any two parts : 

(a) Obtain the eigen values and eigen 

vectors of the following matrix : 5 

2 1
P

1 2

 
  
 

 

Show that its eigen vectors are 

orthogonal.  

(b) (i) Show that the eigen vectors 

belonging to distinct eigen values of 

a Hermitian matrix are orthogonal 

to each other.  3 

(ii) Show that {1, –1} is a subgroup of 

the multiplicative group {1, i, –1, –i}.  

2 
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 (c) For the quadratic equation 

2 22 4 24,x xy y    write down the 

matrix of coefficients and diagonalize it. 

Recast it in new variables and identify 

the conic section it represents.  5 

3. Attempt any two parts : 

(a) Using the method of residues, prove 

that :  5 

  


 
 20 21 sin

d
 

(b) Obtain the Laurent’s series expansion 

of 
2( 1)

ze

z 
 in the neighbourhood of the 

singular points and calculate the 

residue.  5 

(c) Evaluate the integral 


 2C
,

1

dz

z
 where 

C is the circle 3z  .  5 

4. Attempt any two parts : 

(a) Obtain the Fourier cosine transform of 

the function : 5 

 ( ) ,pxf x e       0 ,x      0p  
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(b) Using the Laplace transforms, solve the 

initial value problem : 5 

            4 3 0;y y y     y (0) = 3, y'(0) = 7 

(c) Calculate the inverse Laplace transform 

of the function : 5 

 2( 1) 4

s

s
. 

5. Attempt any one part : 

(a) The expression for Bessel’s function of 

the first kind of order m is given by : 10 

              

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


 

and       
1/2

1/2

2
J ( ) cosx x x
 


. 
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(b) Using the generating function for 

Hermite polynomials : 10 

      
22

0

( , ) H ( )
!

n
xt t

n
n

t
g x t e x

n






    

obtain the recurrence relation : 

      1H ( ) 2 H ( ) H ( )n n nx x x x         
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 PHE–14 

foKku Lukrd (ch- ,l-&lh-) 

l=kar ijh{kk  

fnlEcj] 2025 

ih-,p-bZ-&14 % HkkSfrdh esa xf.krh; fof/k;k¡—III 

le; % 2 ?k.Vs   vf/kdre vad % 50  

uksV % (i) lHkh iz'u dhft,A  

 (ii) izR;sd iz'u ds vad mlds lkeus fn, x, gSaA  

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA 

1- dksbZ ik¡p Hkkx dhft, % 

(d) fl¼ dhft, fd fuEufyf[kr vkO;wg A ,sfdd 

vkO;wg gS % 2 

 
 
 
  

 
 

1

2 2
A

1

2 2

i

i
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([k) VsUlj esa eqDr lwpdkad (free index) vkSj ewd 

lwpdkad (dummy index) D;k gksrs gSa \ 

lehdj.k % 2 

A A
jij kli

k lkl

xx

x x


 

 
  

esa eqDr lwpdkad vkSj ewd lwpdkad igpkfu, vkSj 

fyf[k,A 

(x) fuEufyf[kr Qyu dh fofp=rkvksa dk ifjfer 

z&lery esa LFkku fu/kkZj.k dhft, vkSj mldk uke 

crkb, %  2 

2

2

2

2 2

z z

z z



 
 

(?k) Qyu 
2

3

3

z

z z




 dk vof'k"V ifjdfyr dhft,A 2 

(³) fuEufyf[kr Qyu dk Q+wfj;s :ikarj izkIr dhft, % 

     2 

 
 


, 0 1
( )

0,

x x
f x

vU;Fkk

 

(p) Qyu 
5 coste t  dk ykIykl :ikarj izkIr dhft,A 2 
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(N) 0P ( )x  vkSj 1P ( )x  ySts.Msª cgqinksa dks fyf[k, vkSj 

fl¼ dhft, fd ;s ykafcd gSaA 2 

(t) n = 0 vkSj n = 1 ds fy, ykxjs cgqinksa L ( )n x  

dk vkys[k [khafp,A 2 

2- dksbZ nks Hkkx dhft, % 

(d) fuEufyf[kr vkO;wg ds vkbxsu eku vkSj vkbxsu 

lfn'k Kkr dhft, % 5 

2 1
P

1 2

 
  
 

 

fl¼ dhft, fd blds vkbxsu lfn'k ykafcd gSaA 

([k) (i) fl¼ dhft, fd g£eVh vkO;wg ds fHkUu 

vkbxsu ekuksa ds laxr vkbxsu lfn'k ,d&nwljs 

ds izfr ykafcd gksrs gSaA 3 

(ii) fl¼ dhft, fd {1, –1} xq.kukRed lewg  

{1, i, –1, –i} dk ,d milewg gSA 2 
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(x) f}?kkr lehdj.k 
2 22 4 24x xy y    ds fy, 

xq.kkadksa dk vkO;wg fyf[k, vkSj mldk fod.kZu 

dhft,A mls u, pjksa esa izLrqr dhft, vkSj crkb, 

fd ;g fdl 'kkado ifjPNsn dks fu:fir djrk gS \ 

    5 

3- dksbZ nks Hkkx dhft, % 

(d) vof'k"V&fof/k dk mi;ksx dj fl¼ dhft, fd % 5 

  


 
 20 21 sin

d
 

([k) fofp= fcUnqvksa ds izfros'k eas Qyu 
2( 1)

ze

z 
 dk 

ykSjka Js.kh izlkj izkIr dhft, vkSj vof'k"V 

ifjdfyr dhft,A 5 

(x) lekdyu 


 2C1

dz

z
 dk eku ifjdfyr dhft,] 

tgk¡ C o`Ùk 3z   gSA 5 

4- dksbZ nks Hkkx dhft, % 

(d) Qyu % 

( ) ,pxf x e       0 ,x      0p  

dk Q+wfj;s dkslkbu :ikarj izkIr dhft,A 5 
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([k) ykIykl :ikarj dk mi;ksx dj vkfn eku  

leL;k %  5 

              4 3 0;y y y     y (0) = 3, y'(0) = 7 

dks gy dhft,A 

(x) fuEufyf[kr Qyu dk O;qRØe ykIykl :ikarj 

ifjdfyr dhft, % 5 

 2( 1) 4

s

s
 

5- dksbZ ,d Hkkx dhft, % 

(d) dksfV m okys izFke izdkj ds csly Qyu dk 

O;atd fuEu }kjk fn;k tkrk gS % 10 

               

2

0

1
J ( ) ( 1)

! ( 1) 2

k m
k

m
k

x
x

k m k





 
   

    
  

fl¼ dhft, fd % 

            
1/2

1/2

2
J ( ) sinx x x


 

vkSj      
1/2

1/2

2
J ( ) cosx x x
 


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([k) g£eV cgqinksa ds tud Qyu % 10 

22

0

( , ) H ( )
!

n
xt t

n
n

t
g x t e x

n






    

dk mi;ksx dj fuEufyf[kr iqujko`fÙk laca/k izkIr 

dhft, % 

1H ( ) 2 H ( ) H ( )n n nx x x x    

× × × × × 

 

 

 

 

 

 

 

 

 

 

 

 


