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BACHELOR OF SCIENCE (B. Sc.)  

Term-End Examination 

December, 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) What are symmetric and antisymmetric 
tensors ? 

(b) Show that the matrix A = 0
0
i

i
− 

 
 

 is both 

Hermitian and unitary. 

(c) Show that each element in an abelian 
group is a class by itself. 
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(d) Locate and name the singularity in the 
finite z-plane : 

( )
2

ln 2z i
z
+

  

(e) Obtain the Fourier transform of the 
function : 

( ) , 0 1
0, otherwise
x x

f x
< <

= 


  

(f) Obtain the Laplace transform of 7 + 2 3te . 

(g) Using Rodrigues’ formula for the Hermite 
polynomials : 

( ) ( ) ( )2 2H 1 ,
n

n x x
n n

dx e e
dx

−= −  

evaluate H3(x). 

(h) Calculate the residue of ( ) 2
1

1
f z

z
=

−
 at the 

singular points. 

2. Attempt any two parts : 2×5=10 

(a) Verify the Cayley-Hamilton theorem for 
the matrix : 

sinθ cosθ
2 cosθ sinθ

i

i

e
e

− φ

φ

 
 − 

   
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(b) Show that every eigen value of a unitary 
matrix is a complex number of unit 
modulus. 

(c) Define a Group. Show that set { }21, ,ω ω  

forms a cyclic group of order 3 under 
multiplication, where ω  is the imaginary 
cube root of unity. 

3. Attempt any two parts : 2×5=10 
(a) Obtain the Taylor series expansion of 

2cos z  about 0z = . 
(b) Show that : 

2

0

2
5 4cos 3

dπ θ π
=

− θ∫  

(c) Obtain the analytic function whose real 
part is : 

( ), cosxu x y e y=  

4. Attempt any two parts : 2×5=10 
(a) Obtain the inverse Laplace transform of 

the function : 

2F( )
( 1) 4

=
− −

ss
s

 

(b) Using Laplace transform, solve the initial 
value problem : 

2 8 0y y y′′ ′+ − =   

( ) ( )0 1, 0 8y y′= =  
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(c) Obtain Fourier’s transform of the function :  

( ) sin , 0
0, otherwise

< < π
= 


x x
f x  

5. Attempt any one part : 10×1=10 

(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 : 
         ( ) ( ) ( ) ( ) ( )1 12 1 P 1 P Pn n nn x x n x n x+ −+ = + +   

Also, obtain the value of P2(x). 8+2 
(b) Using the generating function for the 

Bessel’s function : 

( ) ( )1, exp J
2

n
n

xg x t t x t
t

∞

−∞

  = − =  
  

∑   

prove that : 

( ) ( ) ( )1 1J J 2 Jn n n
nx x x
x− ++ =   

Also, show that for 1,t =  the generating 
function for Bessel’s function is : 7+3 

          ( ) ( ) ( )0 2 4J 2J 2J .............. 1x x x+ + + =   
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      PHE–14 

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

l=kkar ijh{kk  

fnlEcj] 2024 

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

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

uk sV % (i) lHkh iz'u vfuok;Z gSaA  

 (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, % 5×2=10 

(d) lefer vkSj izfrlefer VsUlj dh ifjHkk"kk 

fyf[k,A 

([k) fl¼ dhft, fd vkO;wg 
0A

0
i

i
− 

=  
 

 gfeZVh 

vkSj ,sfdd gSA 

(x) fl¼ dhft, fd ,d vkcsyh lewg dk izR;sd 

vo;o Lo;a esa ,d oxZ gSA 
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(?k) fuEufyf[kr iQyu dh fofp=krkvksa dk ifjfer  

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

crkb, % 

( )
2

ln 2z i
z
+

  

(Ä) fuEufyf[kr iQyu dk iQwfj;s :ikarj fudkfy, % 

( ) , 0 1
0,
x x

f x
< <

= 
 vU;Fkk

  

(p) 37 2 te+  dk ykIykl :ikarj izkIr dhft,A 

(N) gfeZV cgqinksa ds jksfMªxsTk+ lw=k % 

( ) ( ) ( )2 2H 1
n

n x x
n n

dx e e
dx

−= −   

dk mi;ksx dj ( )3H x  dk eku Kkr dhft,A 

(t) fofp=k fcUnqvksa ij iQyu ( ) 2
1

1
=

−
f z

z
 ds 

vof'k"V ifjdfyr dhft,A 

2- dksbZ nks Hkkx dhft, % 2×5=10 

(d) fuEufyf[kr vkO;wg ds fy, dSys&gSfeYVu izes; 

dks lR;kfir dhft, % 

sinθ cosθ
2 cosθ sinθ

i

i

e
e

− φ

φ

 
 − 

   
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([k) fl¼ dhft, fd ,sfdd vkO;wg dk izR;sd 

vkbxsu eku ,dd ekikad dh lfEeJ la[;k 

gksrh gSA 

(x) lewg dh ifjHkk"kk crkb,A fl¼ dhft, fd 

leqPp; { }21, ,ω ω  xq.ku ds v/hu dksfV&3 

okyk ,d pØh; lewg gS] tgk¡ ,1ω  dk 

vf/dfYir ?kuewy gSA 

3- dksbZ nks Hkkx dhft, % 2×5=10 

(d) iQyu 2cos z  dk 0z =  ds izfr Vsyj Js.kh 

izlkj izkIr dhft,A 

([k) fl¼ dhft, fd % 

2

0

2
5 4cos 3

dπ θ π
=

− θ∫  

(x) ,d fo'ysf"kd iQyu izkIr dhft, ftldk 

okLrfod Hkkx ( ), cosxu x y e y=  gSA  
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4- dksbZ nks Hkkx dhft, % 2×5=10 

(d) iQyu ( )
( )2

F
1 4
ss

s
=

− −
 dk O;qRØe ykIykl 

:ikarj izkIr dhft,A 

([k) ykIykl :ikarj.k fof/ dk iz;ksx djrs gq, 

fuEufyf[kr vkfn eku leL;k dk gy izkIr 

dhft, % 

2 8 0y y y′′ ′+ − =   

( )0 1,y =  ( )0 8y′ =  

(x) fuEufyf[kr iQyu dk iQwfj;s :ikarj izkIr  

dhft, % 

( ) sin , 0
0,
x x

f x
< < π

= 
 vU;Fkk

  

5- dksbZ ,d Hkkx dhft, % 10×1=10 

(d) ystSUMªs cgqinksa ds tud iQyu % 

( ) ( )
2 0

1, P
1 2

n
n

n
g x t x t

tx t

∞

=

= =
− +

∑   

dk mi;ksx dj iqujko`fÙk laca/ % 

( ) ( ) ( ) ( ) ( )1 12 1 P 1 P Pn n nn x x n x n x+ −+ = + +  

izkIr dhft,A ( )2P x  dk eku Hkh izkIr dhft,A 

8+2 
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([k) csly iQyu ds tud iQyu % 

( ) ( )1, exp J
2

n
n

xg x t t x t
t

∞

−∞

  = − =  
  

∑   

dk mi;ksx dj] fl¼ dhft, fd % 

( ) ( ) ( )1 1J J 2 Jn n n
nx x x
x− ++ =   

;g Hkh fl¼ dhft, fd 1t =  ds fy,] csly 

iQyu dk tud iQyu fuEufyf[kr gS % 7$3 

( ) ( ) ( )0 2 4J 2J 2J ........... 1x x x+ + + =  
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