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{ZX}e : ¶h àíZ nÌ "A' "~' Am¡a "g' VrZ IÊS>m| ‘| {d^m{OV h¡& àË¶oH$ 

IÊS> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& àíZ nÌ ewê$ H$aZo go nyd© 

àíZ nÌ H$moS> d àíZnÌ erf©H$ Om±M bo& AmnH$mo {~Zm àmoJmq‘J dmbo 

gmBÝg{W{’$H$ Ho$bHw$boQ>a Ho$ Cn¶moJ H$s AZw‘{V h¡ naÝVw Ho$bHw$boQ>a 

Ho$ hñVmÝVaU H$s AZw‘{V Zht h¡&
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 Section - A 8 × 2 = 16
Very Short Answer Type Questions (Compulsory)

Note: Answer all questions. As per the nature of the question 
delimit your answer in one word, one sentence or maximum 
upto 30 words. Each question carries 2 marks.

 IÊS> - "A'
A{V bKw CÎma dmbo àíZ (A{Zdm¶©)

{ZX}e : g^r àíZm| Ho$ CÎma Xr{OE& AnZo CÎma H$mo àíZmZwgma EH$ eãX, EH$ 
dm³¶ ¶m A{YH$V‘ 30 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ Xmo 
A§H$m| H$m h¡&

1) (i) Lagrangian of a free particle in spherical polar coordinates 

  is sinm r r r2
1L 2 2 2 2 2 2

θ φ θ= + +o o o_ i. The quantity that is 
conserved is 

  (a) r
L
2
2
o
 (b) L

2
2
θo

 (c) L
2
2
φo

 (d) rL
2
2
φ

θ+o o o

  EH$ ‘w³V H$U H$m boJa|{O¶Z Jmobr¶ {ZX}em§H$ ‘| hmoVm h¡,

  sinm r r r2
1L 2 2 2 2 2 2

θ φ θ= + +o o o_ i g§a{jV am{e {ZåZ ‘| go 
hmoJr&

  (a) r
L
2
2
o
 (b) L

2
2
θo

 (c) L
2
2
φo

 (d) rL
2
2
φ

θ+o o o

 (ii) For what value of the parameter α , the following 
transformation is canonical?

  cos sin
sin cos
q p
q p

Q
P

α α
α α

= -

= +

  n¡am‘rQ>a α Ho$ {H$g ‘mZ Ho$ {bE {ZåZ énm§VaU Ho$Zmo{ZH$b hmoJr?

  cos sin
sin cos
q p
q p

Q
P

α α
α α

= -

= +
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 (iii) Find the Fourier transform of ( )f t k=  for t aO< <  and 
( ) ,f t 0=  otherwise. 

  ’$bZ ( )f t k=  ¶{X t aO< <  AÝ¶Wm ( ) 0.f t =  Bg ’$bZ H$m 
’w$[aE ê$nmÝVa kmV H$amo&

 (iv) Find the Laplace transform of function ( )f t at bt c2 3= + +  
  ’$bZ ( )f t at bt c2 3= + +  H$m bmßbmg ê$nmÝVa kmV H$amo&

 (v) Write the Bessel’s differential equation. 
  ~¡{gb Ho$ AdH$bZ g‘rH$aU H$mo {bI|&

 (vi) ( )dx
d J x0_ i is, where ( )J x0  is Bessel function 

  (a) ( )J x1  (b) ( )J x1-  (c) ( )J x1
'  (d) ( )J x1-

'

  ( )dx
d J x0_ i H$m ‘mZ ³¶m hmoJm, ¶hm±  ( )J x0  na EH$ ~¡gb ’$bZ 

  h¡?
  (a) ( )J x1  (b) ( )J x1-  (c) ( )J x1

'  (d) ( )J x1-
'

 (vii) How do the components of a contravariant tensor of the 
second rank, Aik, transform under coordinate transformation? 
Write the law. 

  {ÛVr¶ H$mo{Q> Ho$ H$m|ÝQ´>mdo[aA§V Q>|ga Aik  Ho$ KQ>H$ H$mo{S>©ZoQ> ê$nmÝVaU 
Ho$ AÝVJ©V {H$g àH$ma énmÝV[aV hmoVo h¢& Bg {Z¶‘ H$mo {bI|&

 (viii)State trapezoid formula (trapezoid rule) for numerical 
integration. 

  gm§p»¶H$ BpÝQ>J«oeZ Ho$ {bE Q´>onoOmoBS>b gyÌ {bI|&
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 Section - B 4 × 8 = 32
(Short Answer Questions)

Note: Answer any four questions. Each answer should be given 
in 200 words. Each question carries 8 marks.

(IÊS> - ~)
(bKwÎmamË‘H$ àíZ)

{ZX}e : {H$Ýht Mma àíZm| Ho$ CÎma Xr{OE& AmnH$mo AnZo CÎma H$mo A{YH$V‘ 
200 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 8 A§H$m| H$m h¡&

2) Derive the Rodrigues’ formula for the Legender polynomials. 

 ( ) ! ( )x n dx
d x2

1 1Pn n n

n
n2= -

  boO|S´>r nmo{bZmo{‘¶ëg Ho$ {bE amoS´>r½g Ho$ gyÌ ( ) ! ( )x n dx
d x2

1 1Pn n n

n
n2= -

H$mo ñWm{nV H$a|&

3) Prove the relation related to Bessel functions.

 ( ) ( ) 2 ( )x x xJ J J 'n n n1 1
- =

- +
 and hence prove the relation

 and hence prove the relation ( ) ( )x xJ J'
0 1
=-

 ~¡{gb ’§$³eZ go g§~§{YV {ZåZ g§~§Y {gÕ H$ao&

 ( ) ( ) 2 ( )x x xJ J J 'n n n1 1
- =

- +
 AV>… {ZåZ g§~§Y àmßV H$a| 

 2 ( ) ( )x xJ J'
0 1
=-
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4) Find the Fourier transformer of the function F(t) shower in the 
figure given below:

 {ZåZ {MÌ ‘| {XE hþE ’$³eZ F(t) H$m ’y$[aE ê$nmÝVaU kmV H$a|&

5) The Lagrangian of a particle of mass m moving in one dimension 

is, e mx kx
2 2L t
2 2

= -α o< Fwhere α  and k are positive constants. 

Show that the equation of motion of the particle is 

 x x m
k x 0α+ + =p o

 EH$ H$U {OgH$m Ðì¶‘mZ h¡ VWm EH$ {d^r¶ J{V‘mZ h¡& H$U H$m boJa|{OAZ 

{ZåZ h¡, e mx kx
2 2L t
2 2

= -α o< F ¶hm± na α  VWm k  YZmË‘H$ {Z¶Vm§H$ h¢& 

{gÕ H$amo {H$ H$U H$s J{V H$m g‘rH$aU x x m
k x 0α+ + =p o  h¡&
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6) Show that the transformation cosq e p2Q= α

 ,sinq e p2P= α-  is canonical.

 {gÕ H$s{OE {H$ {ZåZ énm§VaU  cosq e p2Q= α

 ,sinq e p2P= α-  H¡$Zmo{ZH$b h¡&

7) Solve harmonic oscillator problem by Hamilton-Jacobi method. 

 ho{‘ëQ>Z - OoH$mo~r {d{Y Ûmam gab AmdV© Xmo{bÌ Ho$ {bE hb àmßV H$ao&

8)  Find a real root of the equation x e 1 0x - =  using 

Newton-Raphson method, where . .e 2 7182818=  

  g‘rH$aU x e 1 0x - =  H$m dmñV{dH$ ‘yb Ý¶yQ>Z aoâgZ {d{Y Ûmam kmV 

H$amo, Ohm± . .e 2 7182818=

9) Obtain the Lagrangian of a free particle in spherical polar 
coordinates. 

 EH$ ‘wº$ H$m boJa|{O¶Z H$s Jmo{b¶ {ZX}em§H$m| ‘| àmßV H$a {bI|&

 Section - C 2 × 16 = 32
(Long Answer Questions)

Note: Answer any two questions. You have to delimit your 
each answer maximum 500 words. Each question carries  
16 marks.

(IÊS> - g)
(XrK© CÎmar¶ àíZ)

{ZX}e : {H$Ýht Xmo àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘ 500 
eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 16 A§H$m| H$m h¡&
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10) (i)  Write the law of transformation of a contravariant tensor of 
second rank under coordinate transformation. Also write 
the law of transformation of covariant tensor of second 
rank. 

 (ii) Find inverse Laplace transform of 
s

s s 1
3

2 + +

 (iii) Show that the Fourier sine and cosine transforms of e at-  
are 

  ( )g w
w a
w2

s 2 2π= +

  ( )g w
w a
a2

c 2 2π= +

 (i)  {ÛVr¶ H$mo{Q> Ho$ H$m|Q´>mdo[aE§Q> Q>|ga H$m H$mo{S>©ZoQ> Q´>m±g’$mo‘}gZ Ho$ 

AÝVJ©V {Z¶‘ {bIo& "H$modo[aE§Q> Q>oÝga ({ÛVr¶ H$mo{Q>) Ho$ {b¶o ^r 

H$mo{S>©ZoQ> Q´>m±g’$mo‘}gZ Ho$ AÝVJ©V ê$nmÝVaU {Z¶‘ {bIo&

 (ii) ’$bZ 
s

s s 1
3

2 + +  Ho$ {b¶o ì¶wËH«$‘ bmßbmg ê$nmÝVa kmV H$amo&

 (iii) {gÕ H$amo {H$ ’$bZ e at-  H$m ’y$[a¶o Á¶m VWm ’y$[a¶o H$moÁ¶m ê$nmÝVa 
{ZåZ h¡… 

  ( )g w
w a
w2

s 2 2π= +

  ( )g w
w a
a2

c 2 2π= +
 



MSCPH-01 / 400 / 12  (8) (Contd.)

456

11) (i)  Find the Lagrangian for a system in which bob of simple 
pendulum of mass m2 , with a mass m1  at the point of 
support which can move on a horizontal line in the plane 
in which m2  moves (see figure). The system is placed in 
a uniform gravitational field (acceleration g  ), length of 
massless string is l as shown in figure.

  Show that the Lagrangian is 

  cos cosm m x m l lx m gl2
1

2
1 2L 1 2

2
2

2 2
2φ φ φ φ= + + + +o o o o_ _i i

 (ii)  Let ( , , )f p q t  be some function of coordinates, momenta 

and time. Show that its total time derivative is 

  ,dt
df

t
f

H f
2
2

= + 7 A 

  where [ ,H f p p
H H

q
f

q
f

k k k kR 2
2
2
2

2
2
2
2

/ -] f p/  is

  the Poisson bracket of the quantities H and f.
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 (i)  EH$ gab bmobH$ {OgHo$ Jw‘Q>o H$s g§h{V  m2  h¡ VWm {OgHo$ 
Ambå~Z {~ÝXþ na m1  Ðì¶‘mZ H$m H$U h¡, Vmo Bg gab bmobH$, 
{OgH$s bå~mB© l  h¡, H$m boJa|{O¶Z kmV H$a|& m1  H$U {MÌmZwgma 
{XImB© j¡{VO aofm Ho$ AZwgma J{V H$a gH$Vm h¡& {ZH$m¶ EH$ Jwê$Ëd 
joÌ (ËdaU g ) ‘| J{V‘mZ h¡&

  {gÕ H$a| {H$ boJa|{O¶Z {ZåZ h¡… 

  2 cos cosm m x m l lx m gl2
1

2
1L 1 2

2
2

2 2
2φ φ φ φ= + + + +o o o o_ _i i

(ii)  ‘mZm {H$ H$moB© ’$bZ ( , , )f p q t  g§doJ ,p  H$mo{S>©ZoQ> ,q  VWm g‘¶ t

na {Z^©a H$aVm h¡& {gÕ H$a| {H$ Bg ’$bZ H$m g‘¶ Ho$ gmW nyU© 

AdH$bZ {ZåZ g‘rH$aU go {X¶m OmVm h¡;

  ,dt
df

t
f

H f
2
2

= + 7 A

  Ohm± na  [ ,H f p p
H H

q
f

q
f

k k k kR 2
2
2
2

2
2
2
2

/ -] f p/

  am{e H VWm f  H$m nmoBe±m ~«oHo$Q> àX{e©V H$aVm h¡&
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12) The Hermite equation is 2 2 0'' 'y xy ny- + =

 (i) Show that an Hermite polynomial

  ( ) ( 1)x e dx
d eHn

n x
n

n
x

2 2
= - -

  satisfies this equation,  

 (ii) Show that ( )H xn  can be expanded as 

(2 ) (2 )

(2 )

x x

x

- +=( )
( )

.
( 1)( 2)( 3)

.............

x
n n n n n n
1
1

1 2Hn
n n

n

2

4

- - - -

+

-

-

 

 

 (iii) Write ( ), ( ), ( ), ( )x x x xH H H H0 1 2 3

 (iv) Show that the normalization integral is 

  ( ) !e x dx n2Hx n
n2

2
π=

3

3

-

-

w

 h‘m©BQ> g‘rH$aU {ZåZ h¡… 2 2 0'' 'y xy ny- + =

 (i) {gÕ H$a| {H$ h‘m©BQ> nmobrZmo{‘Ab

  ( ) ( 1)x e dx
d eHn

n x
n

x
2 2

= - -
n

  h‘m©BQ> g‘rH$aU H$mo g§VwîQ> H$aVm h¡&  
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 (ii) {gÕ H$amo {H$ ( )xHn  H$m {dñVma {ZåZ h¡; 

(2 ) (2 )

(2 )

x x

x

- +=( )
( )

.
( 1)( 2)( 3)

.............

x
n n n n n n
1
1

1 2Hn
n n

n

2

4

- - - -

+

-

-

 

 

 (iii) ( ), ( ), ( ), ( )x x x xH H H H0 1 2 3  H$m ‘mZ {bI|&

 (iv) {gÕ H$a| {H$ Zmoa‘obmBOoeZ BpÝQ>J«b {ZåZ h¡: 

  ( ) !e x dx n2Hx n
n2

2
π=

3

3

-

-

w

13) Find the Laplace transform of the following function for (A), 

(B) and (C) and inverse Laplace transform for part (D).

 (A) ( ) sinf t btat cosh=

  you can use property 
( )

sine t
s

L t
2 2β

α β
β

=
- +

α# -   

 (B) ( ) cosf t e tt2 2= -  

  you can use property 
( )

cose t
s
sL t

2 2β
α β
α=

- +
-α# -  

 (C) ( )
;

;

sin
f t

t t

t

3 3

0 3<

H
π π

π
=

-a k
Z

[

\

]]

]]

 (D) Find Inverse Laplace transform of 
s

s s 1
3

2+ +  
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 ^mJ (A), (B), (C), Ho$ {b¶o bmßbmg ê$nm§Va VWm ^mJ (D) Ho$ {b¶o 

ì¶wËH«$‘ bmßbmg énmÝVa kmV H$amo&

 (A) ’$bZ ( ) sinf t btat cash=

  Amn 
( )

sine t
s

L t
2 2β

α β
β

=
- +

α# -  H$m Cn¶moJ H$a gH$Vo h¢&

 (B) ’$bZ ( ) cosf t e tt2 2= -  

  Amn 
( )

cose t
s
sL t

2 2β
α β
α=

- +
-α# -  

 (C) ( )
;

;

sin
f t

t t

t

3 3

0 3<

H
π π

π
=

-a k
Z

[

\

]]

]]

 (D) ’$bZ 
s

s s 1
3

2+ +   Ho$ {bE ì¶wËH«$‘ bmßbmg ê$nmÝVa kmV H$amo&


