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Note: The question paper is divided into three sections A, B and 
C. Write Answers as per the given instructions. Check your 
paper code and paper title before starting the paper.

{ZX}e : ¶h àíZ nÌ VrZ IÊS>m|  "A', "~' Ed§ "g' ‘| {d^m{OV h¡& àË¶oH$ 
I§S> Ho$ {ZX}emZwgma àíZmo§ Ho$ CÎma Xr{OE& àíZnÌ ewê$ H$aZo go nyd© 
àíZnÌ H$moS> Ed§ àíZnÌ erf©H$ Om±M bo&

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

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

 IÊS> - "A'
A{V bKwCÎmadmbo àíZ (A{Zdm¶©)

{ZX}e : g^r àíZm| H$m CÎma Xr{OE& Amn AnZo CÎma H$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$ H$m h¡&
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1) (i) Lagrangian of a particle is given by
  ( )φ φsinL ml r r2 2 2 2 2i= + +o o o

  Find the generalised momentum Pφ
  EH$ H$U H$m boJ«opÝO¶Z {ZåZ h¡&

  ( )φ φsinL ml r r2 2 2 2 2i= + +o o o

  ì¶mnH$ g§doJ Pφ kmV H$amo&

 (ii) Position of particles A and B are 2 3 5 4andl j l k+ - +t t t t 
respectively. Masses of the particles A and B are 2 kg and 3 
kg respectively. Find the position vector of center of mass.

  Xmo H$Umo A VWm B Ho$ pñW{V g{Xe H«$‘e… 2 3l j+t t VWm 5 4l k- +t t  
h¡& H$Um| A VWm B Ho$ Ðì¶‘mZ H«$‘e… 2 kg VWm 3 kg h¡& Ðì¶‘mZ 
Ho$ÝÐ H$m pñW{V g{Xe kmV H$amo&

 (iii) If I1, I2 and I3 represent the three principal moment of inertia 
of symmetrical top, then which of the following is correct?

  a) I I I1 2 3! !

  b) I I I1 2 3= =

  c) I I I1 2 3!=

  ¶{X I1, I2 VWm I3 VrZ àYmZ O‹S>Ëd AmKyU© {H$gr g‘{‘V bQ²>Qw> Ho$ 
h¡ Vmo {ZåZ ‘| go H$m¡Zgm gå~ÝY gË¶ h¡?

  a) I I I1 2 3! !

  b) I I I1 2 3= =

  c) I I I1 2 3!=

 (iv) What is the value of  P  Poisson Bracket [q, q]
  nmBgZ ~¡  ~«oHo$Q> [q, q] H$m ³¶m ‘mZ h¡?
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 (v) Lagrangian of the system is
  cosL 2 52i i= +o

  Write the equation of motion.
  EH$ {ZH$m¶ H$m boJ«opÝOEZ
  cosL 2 52i i= +o   h¡
  Vmo J{V H$m g‘rH$aU {bImo&

 (vi) Write the mathematical form of Hamilton-Jacobi equation.
  ho{‘ëQ>Z OoH$mo~r g‘rH$aU H$m J{UVr¶ én {bImo&

 (vii) Entropy of the system of fixed number of particles at 
constant volume is aTS 2=  where a is constant. What is 
the specific heat of system at constant volume?

  {ZpíMV g§»¶m dmbo H$Umo Ho$ {ZH$m¶ H$s EÝQ´>m{n {Z¶V Am¶VZ na 
aTS 2=  h¡ Ohm± a AMa h¡& AMa Am¶VZ na {ZH$m¶ H$s {d{eï> 

Cî‘m {H$VZr hmoJr?

 (viii)What is the relation between enthalpy, internal energy, 
pressure and volume of the system?

  {ZH$m¶ EÝWoënr, AmÝV[aH$ D$Om©, Xm~ VWm Am¶VZ ‘| ³¶m
gå~ÝY h¡?

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

2) Consider a system of two particles of masses m1 and m2. Each of 
the particle has velocity yo  potenial energy of the system of both 
particles is ( )m m y2 1 b- . Write the Lagrangian of the system 
and obtain the equation of motion.

 Xmo H$Um| H$m {ZH$m¶ {b{OE {Og‘o H$Umo Ho$ Ðì¶‘mZ m1 VWm m2 h¡& àË¶oH$ 
H$U H$m doJ yo  h¡& XmoZmo H$Umo Ho$ {ZH$m¶ H$s pñV{VO D$Om© ( )m m y2 1 b-  
h¡& {ZH$m¶ H$m boJ«opÝOAZ {b{IE VWm J{V H$m g‘rH$aU àmá H$amo&

3) What do you understand by Microcanonical Ensemble?
 ‘mBH«$moHo$Zmo{ZH$b EÝgoå~b go Amn ³¶m g‘PVo hmo? 

4) Discuss the statistics of paramagnetism.
 AZwMwå~H$Ëd H$s gm§p»¶H$s H$mo g‘PmAmo&

5) What is phase space in statistical mechanics?
 gm§p»¶H$s ¶m§{ÌH$s ‘| H$bm AmH$me ³¶m hmoVm h¡?  

6) What do you understand by Gibbs distribution?
 {Jãg {dVaU go Amn ³¶m g‘PVo hmo?

7) Consider the motion of a particle in a central field. Using 
Lagrangian, prove that the sectorial velocity of the particle is 
constant.

 EH$ H$U H$s J{V H$mo Ho$pÝÐ¶ ~b joÌ Ho$ AÝV©JV ‘m{ZE& boJ«opÝOAZ H$m 
Cn¶moJ H$aVo hþE ¶h {gÕ H$[aE H$s H$U H$m joÌr¶ (sectorial) doJ AMa 
ahVm h¡&
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8) Two particles are moving with velocities v1  and v2  with respect 
to ground. The respective masses of these particles are m1 and 
m2. Prove that in centre of mass system, total momentum of the 
system is zero.

 Xmo H$U O‘rZ Ho$ gmnoj doJ v1  VWm v2  go JV H$a ao h¡ CZHo$ g§JV 
Ðì¶‘mZ m1 VWm m2 h¡ ¶h {gÕ H$amo {H$ Ðì¶‘mZ Ho$ÝÐ {ZH$m¶ ‘| {ZH$m¶ 
H$m Hw$b g§doJ eyÝ¶ hmoVm h¡&

9) A body of mass of 3 kg is projected with velocity v  from a 
frame of reference which has angular velocity ~ .

 Here v i j k= + +t t t and i j k2 3~ =- + +t t t. Calculate the 
Coriolis force acting on the particle.

 EH$ 3 kg Ðì¶‘mZ H$s dñVw H$mo doJ v  go Eogo {ZX}e VÝÌ Ho$ gmnoj 
àjo{nV {H$¶m OmVm h¡ {OgH$m H$moUr¶ doJ ~  h¡& ¶hm± v i j k= + +t t t 
VWm i j k2 3~ =- + +t t t h¡ Vmo H$U na bJZo dmbm H$mo[aAmo{bg ~b 
kmV H$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© CÎma dmbo àíZ)

{ZX}e : {H$Ýhr Xmo àíZm| H$m CÎma Xr{O¶o& Amn AnZo CÎma H$mo A{YH$V‘ 500 

eãXmo§ ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 16 A§H$m| H$m h¡& 
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10) Obtain the Fermi Energy of a degenerate electron gas on the 
basis of Fermi Dirac distribution law.

 ’$‘r© {S>amH$ {dVaU Ho$ AmYma na An^«ï> Bbo³Q´>mZ J¡g H$s ’$‘u D$Om© 
àmá H$amo&

11) (i) What is Liouville’s theorem. Explain it.

 (ii) What do you understand by grand canonical ensemble. 
Explain its main features.

 (i) {bAmo{dbo à‘o¶ ³¶m h¡ Bgo g‘PmAmo&

 (ii) J«mÝS> Ho$Zmo{ZH$b EÝgoå~b go AmnH$m ³¶m A{^àm¶ h¡ BgHo$ à‘wI 
{deofVmE± g‘PmAmo&

12) A rigid body is moving with velocity V  and rotating with 
angular velocity Ω , then prove the following relation

 . . ( )ΩK E MV m r
2
1

2
12 2R #= +

 where symbols have usual meanings.
 EH$ Ñ‹T> dñVw doJ V  go J{Verb h¡ VWm BgH$m H$moUr¶ doJ Ω  h¡ V~ 

{ZåZ gå~ÝY {gÕ H$amo&

 . . ( )ΩK E MV m r
2
1

2
12 2R #= +

 Ohm àVrH$mo Ho$ gm‘mÝ¶ àM{bV AW© h¡&
13) Obtain the equation of motion for compound pendulum using 

Hamilton’s equations.
 EH$ Ñ‹T> (compound) bmobH$ H$s J{V H$m g‘rH$aU ho{‘ëQ>Z g‘rH$aUmo 

H$s ghm¶Vm go àmá H$amo&


