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Note: The question paper is divided into three sections A, B and C. Write 
answers as per the given instructions. In case of any discrepancy, 
the English version will be final for all purposes. Check your paper 
code and paper title before starting the paper. You are allowed to use 
a non-programmable calculator, however, sharing of calculators is 
not allowed. 

{ZX}e : ¶h àíZ nÌ VrZ IÊS>m| "A', "~' Am¡a "g' ‘| {d^m{OV h¡& àË¶oH$ 
I§S> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& {H$gr ^r {dg§J{V H$s 
pñW{V ‘| A§J«oOr ê$n hr A§{V‘ ‘mZm Om¶oJm& àíZ nÌ ewé H$aZo go 
nyd© àý nÌ H$moS> d àý nÌ erf©H$ 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¡&
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 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.

 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) What is the value of Poisson Bracket ,p p q2 3 28 B ?
  nmoBgZ ~«o{H$Q> ,p p q2 3 28 B H$m ‘mZ ³¶m hmoJm?

 (ii) Find the ( ) ( ) 5dx
d P x P x+ +2 18 B Here ( )P x2  and ( )P x1  are 

  Legendre Polynomial.

  ( ) ( ) 5dx
d P x P x+ +2 18 B H$mo kmV H$amo& ¶hm± ( )P x2  VWm ( )P x1  

  {bJ|Ðo ~hþnX h¡&

 (iii) Write the term 
x
x
q

p

2
2  in terms of δ notation.

  
  δ Ho$ nXm| ‘| 

x
x
q

p

2
2  H$m ‘mZ ³¶m hmoJm?

 (iv) Lagrangian of a system is L ar br2
i i= + o  

  What is the generalised momentum p
i

  {ZH$m¶ H$m boJ«§{O¶ZL ar br2
i i= + o  h¡ Vmo ì¶mnH$ g§doJ p

i
 kmV 

H$amo&
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 (v) Write the mathematical form of Hamiltons Principle.
  ho{‘ëQ>Z {gÕm§V H$m J{UVr¶ ê$n {bImo&

 (vi) Write the Laplace transform of e t5 3t

  e t5 3t  H$m bmßbmg ê$nmÝVa kmV H$amo&

 (vii) Find the value of y dx
.

4

5 2#  using Trapezoidal rule

x 4.0 4.2 4.4 4.6 4.8 5.0 5.2
y 1.38 1.43 1.48 1.53 1.57 1.60 1.65

  Q´>onoOmoBXb {Z¶‘ H$m Cn¶moJ H$aVo hþE y dx
.

4

5 2#  H$m ‘mZ kmV H$amo&

x 4.0 4.2 4.4 4.6 4.8 5.0 5.2
y 1.38 1.43 1.48 1.53 1.57 1.60 1.65

 (viii) Write the Laplace equation for potential V.
  {d^d V Ho$ {bE bmßbmg g‘rH$aU {bImo&

 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)	 For	what	values	of	the	parameter	α	,	the	following	transformation	to	
be canonical.

	 Q	=	q	cosα	–	p	sinα

	 P	=	q	sinα	+	p	cosα
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 àmMb α	Ho$ H$m¡Zgo ‘mZmo Ho$ {bE {ZåZ ê$nmÝVa g§¶w½‘r (Ho$Zmo{ZH$b) 
hmoJr?

 Q	=	q	cosα	–	p	sinα

	 P	=	q	sinα	+		p	cosα

3) Obtain the equation of motion for simple pendulum using Hamilton's 
equations.

 ho{‘ëQ>Z g‘rH$aUm| H$m Cn¶moJ H$aVo hþE gab bmobH$ H$s J{V Ho$ g‘rH$aU 
H$mo àmßV H$amo&

4) By using Bessel function ( )
!

J x
r n r

x
1

1
2

2
r

n r

r 0

=
+ +

-3
+

=
n

`
b

j
l/  

 Check that following relation is correct or not

 ( ) ( )dx
d x J x x J xn n= 1n n-8 B

 ~ogb ’$bZ ( )
!

J x
r n r

x
1

1
2

2
r

n r

r 0

=
+ +

-3
+

=
n

`
b

j
l/ H$m Cn¶moJ H$aVo hþE 

 Om±M H$amo H$s {ZåZ gå~ÝY ghr h¡ AWdm Zht:

 ( ) ( )dx
d x J x x J xn n= 1n n-8 B

5) Using Rodriguez’s formula evaluate the value of the 

 ( ) 4x P x dx2

1

1

+

-

48 B#
 
 amo{ÐJwO (Rodriguez) gyÌ H$m Cn¶moJ H$aVo hþE ( ) 4x P x dx2

1

1

+

-

48 B#  H$m 
‘mZ kmV H$amo&

6) Find the Fourier cosine transform of e x2-  
 e x2-  H$m ’w$[aAa H$moÁ¶m ê$nmÝVa kmV H$amo&
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7) Cylindrical coordinates are , ,cos sinx r y r z zi i= = =  Using the 
square of the arc length element ds dx dy dz2 2 2 2= + +  , obtain the 
Metric tensor gij  in cylindrical coordinates.

 ~obZmH$ma {ZX}em§H$ , ,cos sinx r y r z zi i= = =  h¡& Mmn bå~mB© 
Ad¶d Ho$ dJ© ds dx dy dz2 2 2 2= + +  H$m Cn¶moJ H$aVo hþE ‘r{Q´>H$ à{Xe 
gij  H$m ‘mZ ~obZmH$ma {ZX}em§H$mo ‘| kmV H$amo&

8) Find a real root of the equation xe 1 0x - =  using Newton-Raphson 
method. Here e = 2.7182818

 g‘rH$aU xe 1 0x - =  H$m dmñV{dH$ ‘yb Ý¶yQ>Z-aoâgZ {d{Y Ûmam kmV 
H$amo&  Ohm± e = 2.7182818

9) A bock of mass m is attached to one end of spring with spring constant 
K. Block performs simple harmonic oscillation. Obtain time period 
of oscillations using Lagrangian.

 EH$ ãbmH$ {OgH$m Ðì¶‘mZ m h¡ ¶h EH$ pñà¨J Ho$ EH$ {gao go ~§Ym h¡, 
Cg pñà¨J H$m pñà¨J {Z¶Vm§H$ K h¡& ãbmoH$ gab Amd¥V XmobZ H$aVm h¡ Vmo 
BZ XmobZm| H$m XmobZH$mb boJ«|{O¶Z H$s ghm¶Vm go kmV H$amo&

 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¡& 
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10) Evaluate 
x

dx
1 2

1

+0
#  using Simpson’s 3

1  rule by dividing the interval 

 [ 0, 1] into 6 equal parts.

 
x

dx
1 2

1

+0
#  H$m ‘mZ {gångZ Ho$ 3

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

 6 ^mJmo ‘| {d^m{OV H$aHo$ kmV H$amo&

11) (i) Explain the principle of least action.
 (ii) Find the Laplace Transform of  cose t5 82t-

 (i)  Ý¶yZV‘ H$m¶© Ho$ {gÕm§V H$mo g‘PmAmo&
 (ii)  cose t5 82t-  H$m bmßbmg ê$nmÝVa kmV H$amo&

12) Using  Bisection method, determine the real root of the equation
 ( ) 2 1 0f x x x8 3= - - =

 {Û{d^mOZ {d{Y Ûmam g‘rH$aU ( ) 2 1 0f x x x8 3= - - =  H$m dmñV{dH$ 
‘yb kmV H$amo&

13) A bead slides on the wire in the shape of the cycloid as given by 
equations.

 sinx b z z= -` j And cosy b 1 z= +` j

 Where y is the height of the bead and 0 2# #z r  and g is the 
acceleration due to gravity. Obtain the Lagrangian and equation of 
motion for bead.

 EH$ MH«$O (cycloid) ê$nr EH$ Vma na EH$ ‘ZH$m {’$gb ahm h¡ MH«$O 
H$m g‘rH$aU {ZåZ h¡:-

 sinx b z z= -` j d cosy b 1 z= +` j
 Ohm± y ‘ZHo$ H$s C§MmB© h¡ d 0 2# #z r  VWm g JwéËd Ho$ H$maU ËdaU h¡ 

VWm ‘ZHo$ H$m boJ«§{O¶Z d J{V H$m g‘rH$aU {bImo&


