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Note: The question paper is divided into three sections A, B and C. Write 
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code and paper title before starting the paper. For paper MPH-01 
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{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$n hr A§{V‘ ‘mZm Om¶oJm& àíZ nÌ ewê$ H$aZo go 
nyd© àý nÌ H$moS> d àý nÌ erf©H$ Om±M b|& nona MPH-01 Ho$ {bE 
Ho$bHw$boQ>a 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 upto  
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) Consider a system of fixed number of particles at constant volume 
for which entropy of the system changes with temperature as 
S T T2
b c= +  where β and γ are constants. What is the specific 

heat of the system at constant volume?
  EH$ {ZH$m¶ H$mo {Z¶V Am¶VZ na {Z¶V g§»¶m dmbo H$Um| Ho$ ê$n ‘| 

{b{OE d Vmn‘mZ Ho$ gmW Bg {ZH$m¶ H$s E§Q´>monr S T T2
b c= +  Ho$ 

én ‘| n[ad{V©V hmo ahr h¡ ¶hm± β VWm γ {Z¶Vm§H$ h¡& AMa Am¶VZ 
na {ZH$m¶ H$s {d{eï> D$î‘m ³¶m hmoJr?

 (ii) Find the value of Poisson Bracket ,b p2 3: D where b is constant.

  nmoBgZ ~«o{H$Q> ,b p2 3: D H$m ‘mZ ³¶m hmoJm? Ohm± b AMa h¡&

 (iii) What do you mean by cyclic coordinate?
  MH«$s¶ {ZX}em§H$ go AmnH$m ³¶m VmËn¶© h¡?

 (iv) A body of mass 1 kg is projected with velocity v  from a frame of 
reference which has angular velocity ~  Here ( / )v i k m s4= +t t  

( / )secj rad3~ =- t Find the Coriolis force acting on the particle.
  EH$ {ZX}e V§Ì {OgH$m H$moUr¶ doJ ~  h¡ go EH$ dñVw {OgH$m 

Ðì¶‘mZ 1 kg h¡ H$mo v  doJ go ’|$H$m OmVm h¡ Vmo H$U na H$m¶©aV 
H$mo[a¶mo{bg ~b kmV H$amo& ¶hm± :- 

  ( / )v i k m s4= +t t  VWm 3 ( / )secj rad~ =- t
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 (v) What is the third law of thermodynamics about entropy?
  E§Q´>monr Ho$ ~mao ‘| D$î‘mJ{VH$s H$m Vrgam {Z¶‘ ³¶m h¡?

 (vi) “Particles whose wavefunction is symmetric with respect to 
exchange are called Fermions’’. Is this statement true?

  ""H$U {OZH$m Va§J’$bZ nañna {d{Z‘¶ go g‘{‘V hmoVm h¡ do 
’${‘©Am|Z H$hbmVo h¡""& ³¶m ¶h H$WZ gË¶ h¡?

 (vii) What do  you mean by White dwarf star?
  œoV ~m¡Zo Vmao go AmnH$m ³¶m VmËn¶© h¡?

 (viii) If potential energy of particle of mass m in one dimensional 
motion is 

  ( )U x x x2
a b= +

  Here α and β are constants. What is the angular frequency of 
occillation?

  EH$ H$U {OgH$m Ðì¶‘mZ m h¡ CgH$s EH$ {d‘r¶ J{V ‘| pñW{VO 
D$Om© ( )U x x x2

a b= +  h¡ Ohm± α VWm β AMa h¡& BgHo$ XmobZ H$s 
H$moUr¶ Amd¥{Îm ³¶m hmoJr?

 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¡&
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2) Obtain the Maxwellian distribution formula using Gibbs distribution 
formula.

 {Jãg {dVaU gyÌ H$s ghm¶Vm go ‘o³gdob H$m {dVaU gyÌ àmßV H$amo&

3) What do you understand by Bose Einstein condensation?
 ~mog AmBÝgQ>rZ g§KZZ go AmnH$m ³¶m VmËn¶© h¡?

4) Solve the Hamilton - Jacobi equation for the given system for which 
Hamiltonian is given by

 H
p

q2

2
b

= -

 EH$ {ZH$m¶ {OgH$m ho{‘ëQ>mo{Z¶Z {ZåZ h¡ CgHo$ {bE ho{‘ëQ>Z OoH$mo~r 
g‘rH$aU H$mo hb H$amo&

 H
p

q2

2
b

= -

5) A particle of mass m moves inside a bowl. If the surface of the bowl 
is given by the equation z a x y2

1 2 2= +` j , where a is a constant, 
find the Lagrangian of the particle in cylindrical coordinates. Here z 
is the height.

 EH$ H$U {OgH$m Ðì¶‘mZ m h¡ dh ß¶mbo Ho$ AÝXa h¡& ¶{X ß¶mbo H$s gVh 
z a x y2

1 2 2= +` j g‘rH$aU Ûmam Xr OmVr h¡& Ohm± a AMa h¡ Vmo H$U H$m 
boJ«§{O¶Z ~obZmH$ma {ZX}em§H$m| ‘| kmV H$s{OE& ¶hm± z D±$MmB© h¡&

6) Determine the effective cross-section for particle of mass m1 to 
strike a sphere of mass m2  and radius R to which they are attracted in 
accordance with Newton's law.

 EH$ H$U {OgH$m Ðì¶‘mZ m1 h¡ Omo {H$ Ðì¶‘mZ m2 d {ÌÁ¶m R  Ho$ Jmobo 
go Q>H$amVm h¡ Vmo à^mdr H$mQ> joÌ kmV H$amo& ¶hm± XmoZm| Ý¶yQ>Z Ho$ {Z¶‘ 
Ho$ AZwgma AmH${f©V hmoVo h¢&
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7) Find the principal moments of inertia of a hollow sphere about 
diameter using inertia tensor.

 O‹S>Ëd Q>oÝga H$m Cn¶moJ H$aVo hþE EH$ ImoIbo Jmobo H$m ‘w»¶ O‹S>Ëd 
AmKyU© kmV H$amo&

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

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

9) Using Poisson bracket, check whether following transformation is 
canonical or not?

 Q e p2 2 1 2q= --` j

 cosP pe1 q= - ` j

 nmoBgZ ~«o{H$Q> H$m Cn¶moJ H$aVo hþE ¶h ~VmE H$s {ZåZ ê$nmÝVaU 
Ho$Zmo{ZH$b h¡ AWdm Zht?

 Q e p2 2 1 2q= --` j

 cosP pe1 q= - ` j

 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) (i) What do you mean by canonical ensemble?
 (ii) Discuss the concept of phase space.
 (i) Ho$Zmo{ZH$b EÝgoå~b go AmnH$m ³¶m VmËn¶© h¡?
 (ii) H$bm ñnog Ho$ {gÕm§V H$s ì¶m»¶m H$amo&

11) What do you mean by Fermi Dirac statistics? Obtain the Fermi Dirac 

 distribution function. Also plot this function with kT
energy

 ’$‘u S>ramH$ gm§p»¶H$s go AmnH$m ³¶m VmËn¶© h¡? ’$‘u {S>amH$ {dVaU 

 ’$bZ H$mo àmßV H$amo VWm Bgo kT
energy

 Ho$ gmW {M{ÌV H$amo&

12) Obtain the equation of motion for Two dimensional Isotropic 
Harmonic Oscillator using Hamilton's equations in Cartesian co-
ordinates.

 H$mVu¶ {ZX}em§H$ ‘| ho{‘ëQ>Z g‘rH$aUm| H$m Cn¶moJ H$aVo hþE {Û {d‘r¶ 
g‘Xo{eH$ AmdVu XmobH$ H$s J{V H$m g‘rH$aU àmßV H$amo&

13) What do you mean by small oscillations? Also using oscillation 

concept find the path of a particle in a central field potential 

energy U kr2
1 2= (called space oscillator) here r x y2 2 2= +  in two 

dimensional motion.

 Aën XmobZm| go AmnH$m ³¶m VmËn¶© h¡? XmobZ {gÕm§V H$m Cn¶moJ H$aVo 

hþE H$U H$m Ho$ÝÐr¶ joÌ pñW{VO D$Om© U kr2
1 2=  (ñnog Xmo{bÌ H$m) 

nW kmV H$amo& ¶hm± {Û{d‘r¶ J{V ‘| r x y2 2 2= +  h¡&


