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

{ZX}e : ¶h àíZ nÌ "A', "~' Am¡a "g' VrZ IÊS>m| ‘| {d^m{OV h¢& àË¶oH$ 
IÊS> Ho$ {ZX}emZwgma àíZm| H$m CÎma Xr{OE& àýnÌ ewê$ H$aZo go nyd© 
àýnÌ H$moS> d àýnÌ erf©H$ Om±M bo& AmnH$mo {~Zm àmoJ«mq‘J dmbo 
Ho$bHw$boQ>aHo$ Cn¶moJ H$s AZw‘{V h¡ naÝVw Ho$bHw$boQ>a Ho$ hñVm§VaU 
H$s AZw‘{V Zht h¡& {H$gr ^r {dg§JVm H$s pñW{V ‘| A§J«oOr ê$n 
ApÝV‘ hmoJm&

 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.
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 IÊS> - "A'
(A{V bKw CÎma dmbo 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{O¶o& àË¶oH$ àíZ 
2 A§H$m| H$m h¡&

1) (i) Find the Laplace transform of the function ( )f t t= .

  ’$bZ ( )f t t=  H$m bmßbmg Q´>m§g’$m°‘© àmá H$a|&

 (ii) Write Lagrange's interpolation formula.

  boJa|Or H$m BÝQ>anmoboeZ gyÌ {bI|&

 (iii) Write Rodrigues formula for Hermite polynomials ( )H xn . 

Calculate ( )H x2 .

  amoS´>r½g Ho$ gyÌ  ( )H xn  {bImo h‘m©BQ> ’$bZ  ( )H x2  H$m ‘mZ kmV 
H$a|&

 (iv) Define the Legendre polynomials ( )cosPl i . Write the 

differential equation which the Legendre polynomials ( )cosPl i  

satisfy.

  {bOoÝS´>r nmobrZmo{‘Ab ( )cosPl i  H$mo n[a^m{fV H$a|& {bOoÝS´>r ~hwnX 
( )cosPl i  Ûmam gÝVwï> hmoZodmbr AdH$b g‘rH$aU {bImo&

 (v) Determine the Fourier transform F(k) of the Gaussian function:

  ( )f x Ne x2= a-   (Here N, a = constant).

  Jm°C{e¶Z ’$bZ ( )f x Ne x2= a-  Ho$ ’y$[a¶o ê$nmÝVaU F(k) àmá H$a|&  
(N, a = pñWam§H  h¢)

 (vi) Write the Lagrangian of a free particle in spherical polar 

coordinates (r, q, f).

  EH$ ‘wº$ H$U H$m boJa|{O¶Z Jmobr¶ {ZX}em§H$ (r, q, f) ‘| {bI|&
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 (vii) The Lagrangian for a simple pendulum is given by

  (1 )cosL ml mgl
2
1 22i i= - -o  . Write Hamilton's equations.

  EH$ gab bmobH$ H$m boJa|{O¶Z 1
( )cosL ml mgl

2
12 2i i= - -o

  Bg gab bmobH$ Ho$ {b¶o ho{‘ëQ>Z g‘rH$aU {bI|&

 (viii) Write equation which defines a contravariant tensor of second 

rank. 

  {ÛVr¶ H$mo{Q> Ho$ H$moÝQ´>mdo[aE|Q> Q>|ga H$mo n[a^m{fV H$aZo dmbm 
g‘rH$aU {bIo&

 Section - B 4 × 8 = 32
(Short Answer Type Questions)

Note: Answer any four questions. Each answer should not exceed 200 
words. Each question carries 08 marks.

(IÊS> - ~)
(bKw CÎma dmbo àíZ)

{ZX}e : {H$Ýhr Mma àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘  
200 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 08 A§H$m| H$m h¡&

2) Write the generating function of the Hermite polynomials and show 

that the Hermite polynomials ( )H xn  satisfy the following recurrence 

relation: ( ) ( ) ( )H x xH x nH x2 2n n n1 1= -+ -

 h‘m©BQ> nmobrZmo{‘Ab Ho$ {b¶o O{ZÌ ’$bZ {bI| VWm ¶h ^r {gÕ H$a| 
{H$ h‘m©BQ> nmobrZmo{‘Ab ( )H xn  {ZåZ aoH$a|g g§~§Y H$mo g§Vwï> H$aVm h¢;

 ( ) ( ) ( )H x xH x nH x2 2n n n1 1= -+ -

3) Deduce the equation of motion in the Poisson bracket formulation.

 J{V H$m g‘rH$aU nm°Bem± ~«oHo$Q> Ho$ ê$n ‘| àmá H$a|&
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4) (i) Find the Laplace transform F(s) of the following functions

  ( ) cosf t kt=   and  ( )f t eat=

  {ZåZ ’$bZ f (t) H$m bmßbmg Q´>m°g’$m°‘© F(s) àmá H$a| : 
  ( ) cosf t kt=   VWm  ( )f t eat=

 (ii) Find the inverse Laplace transform ( ), ( )
( )

iff t F s
s s5 6
1

2=
- +

  ì¶wËH«$‘ bmßbmg Q´>m±g’$m‘© f (t) àmá H$a| ¶{X ( )
( )

F s
s s5 6
1

2=
- +

  {X¶m h¡&

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

 ( )expL t
mx kx
2 2

2 2

a= -
o; E where a and k are positive constants.

 Deduce the equation of motion.

 EH$ H$U, {OgH$m Ðì¶‘mZ m h¡, H$m boJa|{O¶Z ( )expL t
mx kx
2 2

2 2

a= -
o; E

 h¡, Ohm± a, k YZmË‘H$ pñWam§H$ h¢& Bg H$U H$s EH$ {d{‘¶ J{V H$m 
g‘rH$aU àmá H$a|&

6) Consider the graph ( ) cosy f x x= =  over [0.0, 1.2].

 (i)  Use the nodes . , .x x0 0 1 20 1= =  (it means ( )f x 0=  at these 

points) to construct a linear interpolation polynomial ( )P x1 .

 (ii)  Use the nodes 0. , 1.x x2 00 1= =  to construct a linear 

approximating polynomial ( )Q x1 .

 J«m’$ ( ) cosy f x x= = , gr‘m [0.0, 1.2] ‘| n[a^m{fV h¡&

 (i) ¶{X 0.0x0 =  VWm 1.2x1 =  na ZmoS²>g hm| AWm©V² ( )f x 0=  

  ¶{X 0.0x0 =  VWm 1.2x1 =  Vmo aoIr¶ nmobrZmo{‘Ab ( )P x1

  BÝQ>anmoboeZ gyÌ Ûmam àmá H$a|&
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 (ii)  ¶{X ZmoS²>g 0.2x0 =  VWm 1.0x1 =  hm|, Vmo aoIr¶ g{ÞH$Q>V… 
nmo{bZmo{‘Ab àmá H$a|&

7) (i)  Using Legendre's transformation obtain Hamilton's canonical 

equations.

 (ii)  Show that the total time derivative of the Hamiltonian satisfies

  the following relationship; 
dt
dH

t
H
2
2=

 (i)  boO|S´>o Q´>m°g’$mo‘}eZ Ho$ AmYma na ho{‘ëQ>Z Ho$ZoZrH$b g‘rH$aU àmá 
H$a|&

 (ii) ho{‘ëQ>mo{ZAZ H Ho$ {bE {ZåZ g§~§Y ñWm{nV H$a|; 
dt
dH

t
H
2
2=

8) (i) Define the quotient law of tensors.

 (ii)  Define metric tensor. Give its significance. What is Christoffel 

symbol?

 (i) Q>|gg© Ho$ {b¶o ³dmoe|Q> {Z¶‘ n[a^m{fV H$a|&

 (ii)  ‘o{Q´>H$ Q>|ga n[a^m{fV H$a|& BgH$s gmW©H$Vm H$s ì¶m»¶m H$a|& 
"{H«$ñQ>mo’$b qg~b' ³¶m hmoVm h¡?

9) Prove the identities involving the Bessel functions:

 (i) J J J2 '
n n n1 1= -- +

 (ii) 
x
n
J J J

2
n n n1 1= +- +

 ~o{gb ’$bZm| Ho$ {b¶o {ZåZ gd©g{‘H$m ñWm{nV H$a|;

 (i) J J J2 '
n n n1 1= -- +

 (ii) 
x
n
J J J

2
n n n1 1= +- +
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 Section - C 2 × 16 = 32
(Long Answer Type 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© CÎma dmbo àíZ)

{ZX}e  : {H$Ýht Xmo àíZm| H$m 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) Describe the Hamilton–Jacobi method for finding the general integral 

of the equations of motion. Solve the harmonic oscillator problem 

using the Hamilton-Jacobi method.

 J{V Ho$ g‘rH$aUm| H$m ì¶mnH$ BpÝQ>J«b àmá H$aZo Ho$ {b¶o ho{‘ëQ>Z-
OoH$m±~r {d{Y H$m dU©Z H$a|& ho{‘ëQ>Z OoH$m±~r {d{Y H$m Cn¶moJ H$aVo hþE 
gab AmdV© Xmo{bÌ àm°ãb‘ H$mo hb H$a|&

11) Find the Fourier transform F (k) of the function

 ( )
1;

0;
( )f x

x a

x a
a 0>

2
#

=
^
^

h
h) 3

 Plot the functions ( )f x  and  F (k).

 ’y$[a¶o Q´>m±g’$m‘© F (k) àmá H$a| ¶{X  ( )f x  {ZåZ ê$n ‘| n[a^m{fV h¡:

 ( )
1;

0;
( )f x

x a

x a
a 0>

2
#

=
^
^

h
h) 3

 ’§$³eZ  ( )f x  VWm F (k) H$mo J«m’$ na àX{e©V H$a|&

12) (i) Derive the Lagrange equation from the principle of least action.

 (ii)  Show that the Lagrangian is defined only to within an additive 

total time derivative of any function of co-ordinates and time.
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 (i) "Ý¶yZV‘ E³eZ' {gÕmÝV H$m Cn¶moJ H$aVo hþE boJa|Or g‘rH$aU
 àmá H$a|&

 (ii)  {gÕ H$a| {H$ boJa|{O¶Z ’$bZ ‘| {H$gr AÝ¶ ’$bZ, Omo {H$ H$m°{S>©ZoQ> 
VWm g‘¶ na {Z^©a H$aVm h¡, H$s gånyU© Q>mB‘ S>o[ado{Q>d Ho$ AÝVJ©V 
hr n[a^m{fV h¡&

13) (i)  Write Bessel equation and find its solution. Plot the Bessel 

function ( )J x0  and ( )J x1 .

 (ii) Discuss the free vibrations of a circular membrane.

 (i)  ~o{gb g‘rH$aU {bI| VWm Bg Ho$ hb àmá H$a|& ~o{gb ’§$³eZ  
( )J x0   VWm ( )J x1  H$mo J«m{’$V H$a|&

 (ii) d¥Îmr¶ {Pëbr Ho$ ‘wº$ H$ånZm| Ho$ hb àmá H$a|&


