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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& {H$gr ^r {dg§J{V H$s 
pñW{V ‘| A§J«oOr ê$n hr A§{V‘ ‘mZm Om¶oJm& àý nÌ ewê$ H$aZo go 
nyd© nona H$moS> d àýnÌ erf©H$ Om±M bo& AmnH$mo {~Zm àmoJ«mq‘J dmbo 
Ho$bHw$boQ>a Ho$ Cn¶moJ H$s AZw‘{V h¢, naÝVw Ho$bHw$boQ>a Ho$ hñVm§VaU 
H$s AZw‘{V Zhr h¡&

 Section - A 8 × 2 = 16
(Very Short Answer Questions)

Note: Answer all questions. As per the nature of the question delimit 
your answer in one word, one sentence or maximum up to 30 
words. Each question carries 2 marks.
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 IÊS> - "A'
(A{V bKw CÎmar¶ àíZ)

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

1) (i) Find the value of the poisson bracket ,p q 24 +6 @by writing all 
main steps.

  g^r ‘w»¶ nXm| H$mo {bIVo hþE nmoBgZ ~«o{H$Q> ,p q 24 +6 @ H$m ‘mZ 
kmV H$amo.

 (ii) The Lagrangian of the particle is given by 

  cos sin sinL m l l2
1 2 2 2 2 2 3i i z z= +o o^ h 

	 	 then	find	the	generalized	momentum	 pz  

  {H$gr H$U H$m boJ«|{O¶Z cos sin sinL m l l2
1 2 2 2 2 2 3i i z z= +o o^ h

  OmVm h¡ Vmo, ì¶mnH$ g§doJ pz  kmV H$amo&

 (iii) A particle of mass m is moving under central force in a plane 
and it position is given by polar coordinates (r, q) and its 

  Lagrangian is given by ( ) ( )L m r r V r2
1 2 2 2i= + +o o  Find the 

cyclic coordinate.

  EH$ H$U {OgH$m Ðì¶‘mZ m h¡ dh H|$Ðr¶ ~b Ho$ A§VJ©V EH$ Vb ‘| 
J{V H$a ahm h¡ VWm BgH$s pñW{V Yw«dr¶ {ZX}em§H$  (r, q)Ûmam Xr 

  OmVr h¡  VWm boJ«|{O¶Z ( ) ( )L m r r V r2
1 2 2 2i= + +o o  Ûmam {X¶m 

  OmVm h¡ Vmo MH«$s¶ {ZX}em§H$ kmV H$amo&
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 (iv) Find the Laplace transform of ( )f t t t3
2

2
1

2
72= + +

  ’$bZ ( )f t t t3
2

2
1

2
72= + +  H$m bmßbmg ê$nmÝVa kmV H$amo&

 (v) Find the Fourier transform of ( )f t  

  ( ) 0f t t b6
0

if
otherwise

< <= '  

  ’$bZ ( )f t  H$m ’w$[aE ê$nm§Va kmV H$a|&

  ( ) 0f t t b6
0

if
otherwise

< <= '
 (vi) ‘‘Total angular momentum and total linear momentum of a 

system	of	particles	is	zero	in	the	centre	of	mass	system.’’	Is	this	
statement true?

  ""H$Um| Ho$ {ZH$m¶ Ho$ {bE Hw$b H$moUr¶ g§doJ Ed§ Hw$b aoIr¶ g§doJ 
Ðì¶‘mZ Ho$ÝÐ {ZH$m¶ ‘| eyÝ¶ hmoVm h¡""& ³¶m ¶h H$WZ gË¶ h¡?

 (vii) Plot the Legendre polynomial P2 (x) versus x.
  {bJ§oÐo ~hþnX P2 (x) H$mo x  Ho$ gmW {M{ÌV (Plot) H$amo&

 (viii) Evaluate the integral ( )e dx2x

0

4

+w  by Simpson's 1/3 rule 

  Here h = 1 and 

x 0 1 2 3 4

e 2x + 3 4.72 9.39 22.09 56.60

  {gångZ Ho$ 1/3 Ho$ {Z¶‘ go g‘mH$b ( )e dx2x

0

4

+w  H$m ‘mZ kmV 
H$amo ¶hm± h = 1 d

x 0 1 2 3 4

e 2x + 3 4.72 9.39 22.09 56.60
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 Section - B 4 × 8 = 32
(Short Answer Questions)

Note: Answer any four questions. Each answer should not exceed 
200 words. Each question carries 8 marks.

IÊS> - ~
(bKw CÎmar¶ àíZ)

{ZX}e : {H$Ýht Mma àíZm| Ho$ CÎma Xr{OE& Amn 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) Evaluate 
x

dx
1 2

0

1

+
w 	using	Simpson’s	

3
1  rule by dividing the interval 

 [0, 1] into 6 equal parts.

 
x

dx
1 2

0

1

+
w  H$m ‘mZ {gångZ Ho$ 

3
1  {Z¶‘ Ûmam A§Vamb [0, 1] H$mo ~am~a 

 6 ^mJm| ‘| {d^m{OV H$a kmV H$amo&

3) Check that whether the transformation ,Q
p

P
qp3 2 6 62

3
= + = +c cm m

is canonical or not.
 ¶h Om§°M H$amo H$s ê$nm§VaU  ,Q

p
P

qp3 2 6 62

3
= + = +c cm m Ho$Zmo{ZH$b 

(g§¶w½‘r) h¡ AWdm Zht h¡&

4) Using ( )
!

( )
J x

r n r

x

1

1 2
n

r n r

r

2

0
=

+ +

-3
+

=

` j
/ 	find	 ( )dx

d x J xn
n

-6 @

 ’$bZ ( )
!

( )
J x

r n r

x

1

1 2
n

r n r

r

2

0
=

+ +

-3
+

=

` j
/  H$m Cn¶moJ H$aVo hþE ( )dx

d x J xn
n

-6 @

 kmV H$amo&



MSCPH-01 / 100 / 8  (5) (P.T.O.)

456

5)	 Using	Rodriguez's	formula	evaluate	the	value	of	the	 ( )x P x dx2 2
4

1

1

-

6 @w

 amo{ÐJwO (Rodiguez's) gyÌ H$m Cn¶moJ H$aVo hþE ( )x P x dx2 2
4

1

1

-

6 @w  H$m 
‘mZ kmV H$amo&

6)	 Using	 Lagrangian	 equation	 find	 the	 time	 period	 of	 compound	
pendulum.

 qnS> bmobH$ H$m AmdV©H$mb b|J«§{O¶Z g‘rH$aU H$m Cn¶moJ H$aVo hþE kmV 
H$amo&

7) Find the Fourier Cosine transform of  ( )f x

x

x

for

for
for

x

x
x

1
0

0 2
1

2
1 1

1

< <

< <

>

= -

Z

[

\

]
]

]]

 ’$mo[aEa H$moÁ¶m ê$nmÝVa kmV H$amo ¶{X ( )f x

x

x

for

for
for

x

x
x

1
0

0 2
1

2
1 1

1

< <

< <

>

= -

Z

[

\

]
]

]]
 

8) Find the Laplace transform of the function ( )f t h
e 1ht

=
-  

 Here h is constant.
 {ZåZ ’$bZ H$m bmßgmg ê$nmÝVa kmV H$amo  ( )f t h

e 1ht
=

-  
 ¶hm± h AMa h¡&

9) Prove the A Bi
i  is invariant if Ai  is covariant tensor and Bi  is 

contravariant tensor.
 ¶h {gÕ H$s{OE {H$ A Bi

i  {Züa ahVm h¡ ¶{X Ai  ghMa (H$modo[a¨V) à{Xe 
VWm Bi  H$m|Q´>mdo[a¶ZQ> à{Xe h¡&
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 Section - C 2 × 16 = 32
(Long Answer Questions)

Note: Answer any two questions. You have to delimit your each 
answer maximum up to 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¡& 

10) (i)  The velocity V(km/min) with respect to time t is shown in the 

   table. Estimate the distance V dt
0

20

w covered in 20 minutes using 
Simpson's 3/8 rule.

t 0 2 4 6 8 10 12 14 16 18 20
V 0 10 18 25 29 32 20 11 5 2 0

  g‘¶ t  Ho$ gmW doJ V(km/min) H$mo Q>o~b ‘| ~Vm¶m J¶m h¡ {gångZ 

  Ho$ 3/8 Ho$ {Z¶‘ go 20 {‘ZQ> ‘§o V¶ H$s JB© Xÿar V dt
0

20

w  kmV H$amo-

 (ii)  Obtain the equation of motion for simple pendulum using 
Hamilton’s	equations.		 	 	 	 						(8+8)

   ho{‘ëQ>Z Ho$ g‘rH$aUm| H$s ghm¶Vm go gab bmobH$ H$s J{V H$m 
g‘rH$aU àmßV H$[aE&
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11) (i)  Using Rodrigues formula for Legendre polynomial ( )P xn  
Determine	the	final	expression	of	following	function.

  ( ) ( ) ( )f x P x P x6 41 3= +

   {bO|Ðo ~hþnX ( )P xn  Ho$ {bE amo{ÐJwEg gyÌ H$m Cn¶moJ H$aVo hþE {ZåZ 
’$bZ Ho$ {bE A§{V‘ ì¶§OH$ kmV H$amo& ( ) ( ) ( )f x P x P x6 41 3= +

 (ii)  A body is moving with kinetic energy ( )m x y z xy2
1 2 2 2+ + +o o o  

and potential energy ax by cz2 2 2+ + . Find the Lagrange's 
equations of motion. Here m, a, b, c are constants. 

   EH$ dñVw J{VO D$Om© ( )m x y z xy2
1 2 2 2+ + +o o o  VWm pñW{VO  

   D$Om© ax by cz2 2 2+ + Ho$ gmW J{V H$a ahr h¡ Vmo boJ«|O Ho$ J{V Ho$ 
g‘rH$aU kmV H$amo& ¶hm± , , ,m a b c AMa h¡&

12) (i) Use second order Runge - Kutta method (midpoint method) to 

   solve the ordinary differential equation dx
dy

x y= + , with initial 
condition (0) 2y =  in steps of 0.1.

   {ÛVr¶ H$mo{Q> é§Jo Hw$Q>m (Runge - Kutta) (‘Ü¶ q~Xþ) {d{Y Ûmam 

  gmYmaU AdH$b g‘rH$aU H$mo dx
dy

x y= +  hb H$amo& ¶hm± 0.1 Ho$ 

  nX ‘| àmpå^H$ eV© (0) 2y =  h¡&
 (ii) A body is oscillating with kinetic energy ( )M r a4

3 2 2i- o  and 
  potential energy ( ) cosMg r a i- -  . Here M, g, r and a are 
  constant. Obtain the equation  of motion for this body using 
  Lagrangian and also obtain the period of small oscillations.
   EH$ dñVw J{VO D$Om©  ( )M r a4

3 2 2i- o  VWm pñW{VO COm© 

  ( ) cosMg r a i- -  Ho$ gmW XmobZ H$a ahr h¡; ¶hm± M, g, r VWm a   
  AMa h¡ boJ«§{O¶Z H$m Cn¶moJ H$aVo hþE dñVw H$m J{V g‘rH$aU àmßV 

H$amo VWm Aën XmobZmo Ho$ {bE AmdV©H$mb kmV H$amo&
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13. (i) Express ( ) 5 2H x x x2= +  in terms of Hermite's polynomials  
 ( )H x1  and  ( )H x2

  h{‘©Q> ~hþnX H$mo ( )H x1  VWm ( )H x2  Ho$ nXm| ‘| ( ) 5 2H x x x2= +  H$mo 

  ì¶º$ H$s{OE&

 (ii) Find Laplace transform of sin sint e tand kt2 ~  

  sin t2  VWm sine tkt ~  H$m bmßbmg ê$nm§Va kmV H$[aE&


