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Note: The question paper is divided into three sections A, B and C. Write 
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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& àíZnÌ ewê$ H$aZo go nyd© 
àýnÌ H$moS> d àýnÌ erf©H$ Om±M b|& {H$gr ^r {dg§JVVm H$s pñW{V 
‘| A§J«oOr ê$n hr A§{V‘ ‘mZm Om¶oJm& AmnH$mo {~Zm àmoJ«mq‘J dmbo 
Ho$bHw$boQ>a Ho$ Cn¶moJ H$s AZw‘{V h¡ naÝVw Ho$bHw$boQ>a Ho$ hñVmÝVaU 
H$s AZw‘{V Zht 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) What is the value of the integral ( )P x dxn

1

1 2

-

+

6 @# . Here Legendre 
function ( )P xn ?

  g‘mH$b ( )P x dxn

1

1 2

-

+

6 @#  H$m ³¶m ‘mZ h¡? ( )P xn  {bO|S´>r ’§$³eZ

  àX{e©V H$aVm h¡&

 (ii) Relation ( ) ( )
dx
d
J x J x0 1= -^ h .  Is this relation correct?

  ( ) ( )
dx
d
J x J x0 1= -^ h  ³¶m ¶h gå~ÝY gË¶ h¡?

 (iii) Write the Laplace's equation in spherical polar coordinates.
  bmßbmg g‘rH$aU H$mo Jmobr¶ Y«wdr¶ {ZX}em§H$ ‘| {bI|&

 (iv) Write the Fourier transform of d  (t – a).
  ’$bZ d  (t – a) H$m ’y$[a¶o ê$nmÝVaU {bI|&

 (v) State Hamilton's variational principle.
  ho{‘ëQ>Z H$m do[aEeZb {gÕmÝV {bI|&

 (vi) Write the names of the conservation law that follows from the 
homogeneity of time.

  "g‘¶' H$s g‘m§JVm Ho$ {gÕmÝV na AmYm[aV "g§ajU {Z¶‘' H$m 
Zm‘ {bI|&
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 (vii) Write the value of Poisson bracket ,x px6 @
  nmoBgZ ~«¡{H$Q> ,x px6 @ H$m Zm‘ {bI|&

 (viii) The Lagrangian of a system is given by L q q q q
2
1

2
12 2= + -o o

  It describes the motion of (choose the correct option)

  (A) A harmonic oscillator

  (B) damped oscillator

  (C) anharmonic oscillator

  (D) a system with unbounded motion

  {H$gr {ZH$m¶ H$m boJa|{O¶Z L q q q q
2
1

2
12 2= + -o o  h¡& Vmo ¶h

  boJa|{O¶Z {Og {ZH$m¶ H$m h¡ dh {ZH$m¶ {ZåZ ‘| go H$m¡Z gm h¡? 
(ghr CÎma A§{H$V H$a|)

  (A) EH$ gab AmdV© Xmo{bÌ
  (B) Ad‘§{XV Xmo{bÌ
  (C) EZhm‘m}{ZH$ Xmo{bÌ
  (D) EH$ {Z~m©Y J{V‘mZ {ZH$m¶

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

Note: Answer any four questions. Each answer should not exceed 200 
words. Each question carries 08 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 08 A§H$m| H$m h¡&
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2) (i) Find the Laplace transform F (s) of the following function

  f (t) = cos k t

 (ii) Find the inverse Laplace transform  f (t), if  F (s) = 
( 5 )s s 6

1
2 - +

 (i) {ZåZ H$m bmßbg Q´>m±g’$m‘© (ê$nmÝVa) F (s) àmá H$a|&
  f (t) = cos k t

 (ii) ì¶wËH«$‘ bmßbmg Q´>mÝg’$m‘© f (t) àmá H$a|& ¶{X F (s) = 
( 5 )s s 6

1
2 - +

.

3) Write the Rodrigue's formula for Legendre polynomials and deduce 

the values of P0(x), P1(x), P2(x).

 boO|ÝS´>r nm¡brZmo{‘¶bg Ho$ {b¶o amo{S´>J Ho$ gyÌ {bI| Ed§ BgH$s ghm¶Vm 
go P0(x), P1(x), P2(x) Ho$ ‘mZ H$s JUZm H$a|&

4) Using Laplace transform or otherwise show that e dx
2
1x

0

2

r=
3

-# .

 bmßbmg Q´>m±g’$m‘© H$s ghm¶Vm go ¶m AÝ¶ {H$gr Vah go {gÕ H$a| {H$

 e dx
2
1x

0

2

r=
3

-#

5)	 Define	covariant	and	contravariant	tensor	of	second	order.	Also	show	

that any covariant (or contravariant) tensor of second order may be 

expressed as the sum of symmetric tensor and a skew-symmetric 

(anti-symmetric) tensor.

 {ÛVr¶ H$mo{Q> Ho$ H$modo[aEÝQ> VWm H$m±ÝQ´>mdo[aE|Q> Q>|ga H$mo n[a^m{fV H$a|& 
¶h ^r àX{e©V H$a| {H$ {ÛVr¶ H$mo{Q> H$m H$modo[aE|Q> ¶m H$moÝQ´>mdo[aE|Q> Q>|ga 
g‘{‘V Ed§ à{Vg‘m{‘V Q>|gam| Ho$ ¶moJ Ho$ ~am~a hmoVm h¡&
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6) Using Legendre's transformation from one set of independent 

variables ,q qo^ h  to another set of variables (q, p) obtain Hamilton's 

canonical equations.

 boO|S´>r Q´>mÝg’$m‘}eZ H$s ghm¶Vm go ,q qo^ h go (q, p) do[aE{~ëg ‘| 
ho{‘ëQ>Z Ho$Zmo{ZH$b g‘rH$aU àmá H$a|&

7) State Hamilton's principle of least action. Use it to obtain the 

Lagrange's equation.

 h¡{‘ëQ>Z Ho$ Ý¶yZV‘ E³eZ {gÕmÝV {bI| VWm BgH$s ghm¶Vm go boJa|Or 
g‘rH$aU àmá H$a|&

8) Prove that the Poisson bracket, [f, g] for two quantities f and g, 

remains invariant under canonical transformation of the variables  

(p, q) to new variables (P, Q).

 Xmo am{e¶m| f VWm g Ho$ {bE  {gÕ H$ao§ {H$ nm±BeZ ~«oHo$Q> [f, g] H$m ‘mZ 
Ho$Zmo{ZH$b Q´>m±g’$mo‘}eZ (p, q) go (P, Q) Ho$ AÝVJ©V {ZíMa ahVm h¡&

9) Find the Lagrangian of a particle of mass m moving on the surface of 

a sphere of radius l	in	a	gravitational	field	(acceleration	g). Show that 

the z - component of angular momentum, is conserved.

 EH$ H$U {OgH$s g§h{V m h¡, l {ÌÁ¶m Ho$ Jmobo H$s gVh na JwéËdr¶ joÌ 
‘| J{V‘mZ h¡& JwéËdO{ZV ËdaU g h¡& {gÕ H$amo {H$ H$moUr¶ g§doJ H$m  
z - KQ>H$ gX¡d g§a{jV hmoJm&

 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.
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(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)  Find the complete integral of the Hamilton-Jacobi equation 
by separating the variables for the Hamiltonian in spherical 
coordinates

  ( , , ),
sin

H
m
p

r

p

r

p
U r

2
1

r
2

2

2

2 2

2

i
i z= + + +

i zc m  

  and  ( , , ) ( ) ( )/U r a r b r2i z i= + 6 @

 (ii)  Solve harmonic oscillator problem using Hamilton-Jacobi 
method.

 (i)  ho{‘ëQ>Z-OoH$mo~r g‘rH$aU H$m nyU© g‘mH$b H$mo Mam| H$mo n¥WH$ 
H$aHo$ àmá H$a|& ho{‘ëQ>mo{ZAZ {ZåZ h¡ :

  ( , , ),
sin

H
m
p

r

p

r

p
U r

2
1

r
2

2

2

2 2

2

i
i z= + + +

i zc m  

  VWm  ( , , ) ( ) ( )/U r a r b r2i z i= + 6 @

 (ii)  ho{‘ëQ>Z - OoH$mo~r g‘rH$aU H$s ghm¶Vm go gab AmdV© Xmo{bÌ 
H$s àm°ãb‘ H$mo hb H$a|&

11) Consider the Gaussian probability function
 f (x) = N e – a x2, Here (N, a = constant).
 Find its Fourier transform F (k). Plot f (x) and F (k) for
 (i) large a

(ii) small a.
 Jm±C{e¶Z àm{¶H$Vm ’$bZ f (x) = N e – a x2 h¡, (N, a pñWa am{e h¢)&
 Bg ’$bZ H$m ’y$[aE ê$nmÝVaU F (k) kmV H$a|& f (x) VWm F (k) H$mo 

J«m{’$V H$a| ¶{X
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 (i) a XrK© h¡
 (ii) a H$m ‘mZ bKw h¡

12) Evaluate 
x
d x

1
1

0

1

+
#  by dividing the interval [0, 1] into 6 equal

 parts and using 

 (a) the trapezoidal rule,

 (b) Simpson's   
3
1   rule, and Simpson's 

8
3  rule.

 
x
d x

1
1

0

1

+
#  H$m ‘mZ, BÝQ>adb [0, 1] H$mo 6 g‘mZ {hñgm| ‘| {d^m{OV

 H$aVo hþE, 

 (i) Q´>onoOmoBS>b {Z¶‘

 (ii) {gångZ H$m 
3
1  ê$b VWm {gångZ H$m 

8
3  {Z¶‘ Ho$ Ûmam, kmV H$a|&

13) (i) The Lagrangian for a simple pendulum is given by

  ( )cosL m l m g l
2
1

12 2i i= - -o . Obtain Hamilton's equations.

	 (ii)	 	Show	that	the	total	time	derivative	of	the	Hamitonian	satisfies	
the following relationship : 

dt
dH

t
H
2
2=

 (i) EH$ gab bmobH$ H$m boJa|{O¶Z ’§$³eZ

  ( )cosL m l m g l
2
1

12 2i i= - -o  h¡& ho{‘ëQ>Z g‘rH$aU àmá H$a|&

 (ii) ¶h {gÕ H$a| {H$ ho{‘ëQ>mo{Z¶Z H$m nyU© g‘¶ AdH$bH$ {ZåZ gå~ÝY

  g§Vwï> H$aVm h¡ : 
dt
dH

t
H
2
2=


