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

December, 2020 

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 : 2×5=10 

(a) Determine the eigen values of 0 1M
01

 
=  
 

.  

(b) Show that set of all matrices of order m × n 

is a group under the addition of matrices. 
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(c) Locate and name the singularities in the 
finite z-plane for the function of complex 
variable : 

( )+
2

ln 3z i
z

  

(d) Show that 
−∫C 0

dz
z z

= 2 iπ , where C is a 

circle of radius r. 
(e) Obtain the Fourier sine transform of the 

function : 

( )  < < π= 
> π

1, 0 / 2
0, / 2

xf x
x

 

(f) Obtain the Laplace transform of 
( ) 2f t pt= , where p is a constant. 

(g) Using the generating function : 

 ( ) ( ) ( )1/22

0
, 1 2 P n

n
n

g t x xt t x t
∞−

=
= − + = ∑ , 

calculate the values of Legendre 
polynomials P2n (0). 

(h) Using the generating function for Hermite 
polynomials given by : 

( ) ( )
∞

−

=
= = ∑22

0
, H

!
n

xt t
n

n

tg x t e x
n

 

establish the relation between ( )Hn x  and 
( )−Hn x . 
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2. Attempt any two parts : 2×5=10 

(a) Verify that the Pauli spin matrices : 

0 1
01

x
 

σ =  
 

   

0
0y

i
i
 −σ =  
 

  

and            
σ =   −

2
01

0 1
 

are unitary. 

(b) Calculate the eigen values of M–1, where : 

1 1 1
M 1 1 1

2 1 2

 −
 

= − 
 
 

 

given that M is a non-singular matrix. 

(c) Express the following quadratic form as 
product of matrices : 

        
2 2 22 4 6 4 6 8x y z yz zx xy+ + + + +  

3. Attempt any one part : 10 

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

40
2

41
dx

x
∞ π

=
+∫  
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(b) Using the method of residues, prove that : 
2 2
0 0cos sin

d d
a b a b

π πθ θ
=

± θ ± θ∫ ∫   

                     ( )1/22 2

2

a b

π
=

−
 

for a b> . 

4. Attempt any two parts : 2×5=10 

(a) Determine the Fourier transform of the 
function : 

( ) − < <
= 


1,
0, otherwise

a x a
f x  

(b) Obtain the inverse Laplace transform of 

( ) 2
15F

9
ss
s
+

=
−

. 

(c) Show that the Fourier transform of the 
derivative of a function is given by : 

( ) ( )FT
d f x

ikg k
dx

   = 
  

 

where ( )g k  is the Fourier transform of the 

function ( )f x . 
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5. Attempt any one part :  

(a) (i) Expand ( ) 2f x x=  in the series of the 

form ( )
0

A Pk k
k

x
∞

=
∑ , where ( )Pk x  are 

the Legendre polynomials and 
determine the values of 

( )A 0,1, 2k k = . Given that : 

( )0P 1x = ] ( ) =1P x x   

 and  ( ) ( )2
2

1P 3 1
2

x x= − . 5 

(ii) Using the generating function of 
Bessel functions : 

   ( ) 1, exp
2
xg x t t

t
  = −  

  
 

             
( )J n

n
n

x t
∞

=−∞
= ∑   

show that ( )0J 0 1=  and ( )J 0 0n =  
for 0n ≠ . 5 

(b) Two operators : 10 

 
= ξ + ξ 

1
2

da
d

  

+  
= ξ − ξ 

1
2

da
d
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(where ξ =


mw x ) operate on the 

harmonic oscullator wave function  

( )− ξ
ψ = ξ

21
2N Hn n ne  

where  

1
1/2 2

1/2
1N

2 !n n
mw

n

   =   π   
. 

show that : 

1n na n −ψ = ψ   

and       +
+ψ = + ψ 11n na n  

given that : 

( )−= ξ
ξ 1

H 2 Hn
n

d n
d

. 
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      PHE-14 

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

l=kkar ijh{kk  

fnlEcj] 2020 

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)  0 1M
01

 
=  
 

 ds vkbxsu eku izkIr dhft,A  

([k)  fl¼ dhft, fd vkO;wg ;ksx ds v/hu dksfV 

×m n okys lHkh vkO;wgksa dk leqPp; ,d 

lewg gksrk gSA 

(x)  lfEeJ pj ds iQyu ( )+
2

ln 3z i
z

 dh ifjfer 

z &lery esa fofp=krkvksa dk fu/kZj.k dhft, 

vkSj muds uke crkb,A 
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(?k)  fl¼ dhft, fd = π
−∫C 0

2 ,dz i
z z

  tgk¡ C  

f=kT;k r  dk ,d o`Ùk gSA 

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

dhft, % 

( )  < < π= 
> π

1, 0 / 2
0, / 2

xf x
x

  

(p)  ( ) 2f t pt=  dk ykIykl :ikarj izkIr dhft,] 

tgk¡ p  ,d fLFkjkad gSA 

(N) tud iQyu 

        ( ) ( ) ( )1/22

0
, 1 2 P n

n
n

g t x xt t x t
∞−

=
= − + = ∑   

dk mi;ksx dj ystkUM ªs cgqin ( )2P 0n  dk eku 

ifjdfyr dhft,A 

(>) gfeZV cgqinksa ds tud iQyu % 

( ) ( )
∞

−

=
= = ∑22

0
, H

!
n

xt t
n

n

tg x t e x
n

  

dk mi;ksx dj ( )Hn x  vkSj ( )−Hn x  ds chp 

laca/ LFkkfir dhft,A 
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2- dksbZ n k s Hkkx dhft, % 2 5=10×  

(d) lR;kfir dhft, fd ikmyh fLiu vkO;wg % 

0 1
01

x
 

σ =  
 

   

0
0y

i
i
 −σ =  
 

 

             
,oa 

           
2

01
0 1
 

σ =  
 − 

  

,sfdd gSaA 

([k) 1M−  ds vkbxsu eku ifjdfyr dhft,] tgk¡ % 

1 1 1
M 1 1 1

2 1 2

 −
 

= − 
 
 

  

fn;k gS fd M ,d O;qRØe.kh; vkO;wg gSA 

(x) fuEufyf[kr f}?kkrh le?kkr dks vkO;wgksa ds 

xq.kuiQy ds :i esa O;Dr dhft, %  

     
2 2 22 4 6 4 6 8x y z yz zx xy+ + + + +   

3- dksbZ ,d Hkkx dhft, % 10 

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

fd % 

40
2

41
dx

x
∞ π

=
+∫   
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([k) vof'k"V fof/ dk mi;ksx dj fl¼ dhft, fd 

a b>  ds fy, % 

           2 2
0 0cos sin

d d
a b a b

π πθ θ
=

± θ ± θ∫ ∫   

( )1/22 2

2

a b

π
=

−
 

4- dksbZ n k s Hkkx dhft, % 2×5=10  

(d) iQyu % 

( ) − < <
= 


1
0

a x a
f x

vU;Fkk
  

dk iQwfj;s :ikarj izkIr dhft,A 

([k) iQyu ( ) 2
15F

9
ss
s
+

=
−

 dk O;qRØe ykIykl 

:ikarj izkIr dhft,A 

(x) fl¼ dhft, fd iQyu ds vodyt dk IkQwfj;s 

:ikarj fuEufyf[kr }kjk fn;k tkrk gS % 

( ) ( )FT
d f x

ikg k
dx

   = 
  

  

tgk¡ ( )g k ] iQyu ( )f x  dk iQwfj;s :ikarj gSA 
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5- dksbZ ,d Hkkx dhft, % 10 

(d) (i) ( ) 2f x x=  dk izlkj ( )
0

A Pk k
k

x
∞

=
∑  ds 

:i dh Js.kh esa dhft,] tgk¡ ( )Pk x  

ystsUMªs cgqin gSa vkSj ( )A 0,1, 2k k =  ds 

eku ifjdfyr dhft,A fn;k gS % 5 

          ( )0P 1x = ] ( ) =1P x x   

vkSj       ( ) ( )2
2

1P 3 1
2

x x= − A  

(ii) csly iQyu ds tud iQyu % 

( ) ( )1, exp J
2

n
n

n

xg x t t x t
t

∞

=−∞

  = − =  
  

∑

dk mi;ksx dj 0n ≠  ds fy, fl¼ 

dhft, fd ( )0J 0 1=  vkSj ( )J 0 0n =  

gSA   5  

([k) nks ladkjd 

 
= ξ + ξ 

1
2

da
d

  

+  
= ξ − ξ 

1
2

da
d

  

(tgk¡ ξ =


mw x ) izlaoknh nksyd rajx iQyu 

( )− ξ
ψ = ξ

21
2N Hn n ne   
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ij lafØ;k djrs gSa rFkk 

1
1/2 2

1/2
1N

2 !n n
mw

n

   =   π   
  

fl¼ dhft, fd % 

1n na n −ψ = ψ   

            rFkk   
+

+ψ = + ψ 11n na n   

fn;k gS % 

( )−= ξ
ξ 1

H 2 Hn
n

d n
d  
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