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MPH-01 

June - Examination 2026 

M.Sc. (Previous) Examination 

PHYSICS 

Classical Mechanics and Statistical Physics 

fpjlEer ;kaf=dh ,oa lkaf[;dh; HkkSfrdhfpjlEer ;kaf=dh ,oa lkaf[;dh; HkkSfrdhfpjlEer ;kaf=dh ,oa lkaf[;dh; HkkSfrdhfpjlEer ;kaf=dh ,oa lkaf[;dh; HkkSfrdh    
Paper : MPH-01 

[Time: 3 Hours]                    [Maximum Marks: 80]    
                                                                                           

 

Note :- The question paper is divided into three Sections A, B and C. Write answers as per the given 

   instructions in each section. In case of any discrepancy, the English version will be final for 

   all purposes. 

funsZ’k funsZ’k funsZ’k funsZ’k %&%&%&%&    ;g iz’u&i= ^v*] ^c* vkSj ^l* rhu [k.Mksa esa foHkkftr gSA izR;sd [k.M ds funsZ’kkuqlkj iz’uksa ds 
     mŸkj nhft,A fdlh Hkh folaxfr dh fLFkfr esa vaxzsth :i gh vafre ekuk tk;sxkA    
 Section-A 8××××2====16 

 (Very Short Answer Type 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. 

 [k.M&^v^[k.M&^v^[k.M&^v^[k.M&^v^     

 ¼vfr y?kq mŸkjh; iz’u½¼vfr y?kq mŸkjh; iz’u½¼vfr y?kq mŸkjh; iz’u½¼vfr y?kq mŸkjh; iz’u½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %&    lHkhlHkhlHkhlHkh iz’uksa ds mŸkj nhft,A vki vius mŸkj dks iz’ukuqlkj ,d 'kCn] ,d okD; ;k vf/kdre                
   30303030 'kCnksa esa ifjlhfer dhft,A izR;sd iz’u 2222 vad dk gSA 

1. (i) A point particle moves on the surface of a sphere of constant radius. What are 

generalized coordinates for this motion in spherical coordinates?  

 

  ,d fcanq d.k ,d vpj f=T;k ds xksys dh lrg ij pyrk gSA xksyh; funsZ’kkad esa 

bldh xfr ds lkekU; O;kid funsZ’kkad (generalized coordinates) D;k gksaxs\ 

 

 (ii) A particle of mass m moves inside a surface of a cylinder of fixed radius r. 

Write the expression for kinetic energy of the particle in cylindrical 

coordinates. 

 

  ,d d.k ftldk æO;eku m gS] og ,d vpj f=T;k r ds csyu ds vkarfjd lrg 

ij xfr djrk gSA csyukdkj funsZ’kkadks esa d.k dh xfrt ÅtkZ dk O;atd fyf[k,A 

 

 (iii) In centre of mass frame, momentum of the original particle is zero. It 

disintegrates into four particles. In centre of mass frame, after disintegration, 

four particles move with momenta  p�⃗ � = 2ı̂, p�⃗ 
 =– 4ı̂, p�⃗ 
 = ȷ̂ and p�⃗ �. What 

is the magnitude of  p�⃗ �? All units are in SI. 

 

  æO;eku dsUæ funsZ’k ra= esa ewy d.k dk laosx 'kwU; gSA ;g pkj d.kksa esa VwVrk gSA 
VwVus ds mijkar æO;eku dsUæ funsZ’k ra= esa ;s pkj d.k laosx                    

p�⃗ � = 2ı̂, p�⃗ 
 =– 4ı̂, p�⃗ 
 = ȷ̂ rFkk p�⃗ � ls xfr djrs gSaA laosx p�⃗ � dk ifjek.k 
D;k gksxk\ lHkh bdkb;ka SI esa gaSA 
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 (iv) In central force field, potential energy of a particle in three-dimensional motion 

is – 

  U = a�x
 + y
 + z
� + �
����������� 

 Here a and b are constants. Find the force acting on the particle in spherical 

coordinates. 

 

  dsUæh; cy {ks= esa] ,d d.k dh f=foeh; xfr dh fLFkfrt ÅtkZ fuEu gS & 

  U = a�x
 + y
 + z
� + �
����������� 

 ;gk¡ a rFkk b vpj gSA xksyh; funsZ’kkadks esa d.k ij yxus okyk cy Kkr dfj,A 

 

 (v) Consider a particle of mass m, which is suspended by a massless inextensible 

string of length l at its one end in free space. It forms a simple pendulum. Fixed 

suspension point (other end of string) is at a height d above the ground. Here, 

d >1, the straight string makes an angle of θ with the vertical at give instant. 

Consider the gravitational potential energy is assumed to be zero at ground 

level. If θ is the instantaneous angular position and p� its corresponding 

canonical momentum, Hamiltonian of the system at that instant is – 

  
 !

"


#$� + mg�d– e� 

 What is the value of f ? What does e represents in terms of l and θ? 

 

  ,d d.k ftldk æO;eku m gS] bldks l yEckbZ okyh ,d æO;eku jfgr fcuk 
foLrkfjr gksus okyh jLlh ds ,d fljs ij yVdk;k tkrk gSA ;gk¡ ,d ljy yksyd 
dk :i curk gSA tehu ls ÅapkbZ d ij fuyEcu fcanq ¼jLlh dk nwljk fljk½ gksrk 

gSA ;gk¡ d >1 gS] fn, x, {k.k ij lh/kh jLlh Å/okZ/kj ls θ dks.k cukrh gSA tehu 

Lrj ij xq#Rokd"kZ.k fLFkfrt ÅtkZ dks 'kwU; ekfu,A ;fn θ rkR{kf.kd dks.kh; fLFkfr 
gS o p� laxr dsuksfudy laosx gS] rks bl {k.k fudk; dk gsfeYVksuh;u fuEu gS & 

  
 !

"


#$� + mg�d– e� 

 ;gk¡ f dk eku D;k gksxk\ l rFkk θ ds inksa esa e D;k iznf’kZr djrk gS\ 

 

 (vi) In statistical physics, entropy S and probability Pr (for state r) has relation – 

  S = k+ ∑ -X�log1P3�43  
 What does X represent? 

 

  lkaf[;dh HkkSfrdh esa ,aVªkWih S o izkf;drk Pr ¼voLFkk r ds fy,½ fuEu lEcU/k gS & 
  S = k+ ∑ -X�log1P3�43  
 ;gk¡ X D;k iznf’kZr djrk gS\ 

 

 (vii) In statistical physics, a system having N particles, chemical potential µ, 

Helmholtz free energy A, temperature T, volume V has the following        

relation - 

  μ = 678
79:

;,<
 

 What does X represent? 

 

  lkaf[;dh HkkSfrdh esa ,d fudk; esa N d.k gS] jklk;fud foHko µ, gsYegksYV~t+ eqDr 
ÅtkZ A, rki T, vk;ru V ds fy, fuEu lEcU/k gS & 

  μ = 678
79:

;,<
 

 ;gk¡ X D;k iznf’kZr djrk gS\ 

 



 

 

 MPH-01/4                                              Page 3 of 4                                           [411342]    Turn Over 

 (viii) Fermi-Dirac distribution function is written as – 

  
=>
?>

= �
1@AB>–CDE–
F

 

 What is the value of Y? 

 

  QehZ fMjkd forj.k Qyu fuEu rjg ls fn;k tkrk gS & 

  
=>
?>

= �
1@AB>–CDE–
F

 

 ;gk¡ Y dk eku D;k gksxk\ 

 

 Section-B 4××××8====32 

 (Short Answer Type Questions)  

Note :- Answer any four questions. You have to delimit your each answer maximum up to                            

   200 words. Each question carries 8 marks. 

 [k.M&^[k.M&^[k.M&^[k.M&^cccc^̂̂̂  

 ¼y?kq mŸkjh; iz’u½¼y?kq mŸkjh; iz’u½¼y?kq mŸkjh; iz’u½¼y?kq mŸkjh; iz’u½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& fdUgha pkjfdUgha pkjfdUgha pkjfdUgha pkj iz’uksa ds mŸkj nhft,A vki vius izR;sd mŸkj dks vf/kdre 200200200200 'kCnksa esa ifjlhfer 
   dhft,A izR;sd iz’u 8888 vad dk gSA 

2. What do you understand by grand canonical ensemble? Explain this.  

 c`gr~ ,UlsEcy ls vkidk D;k rkRi;Z gS\ bls le>kb,A  

3. Obtain 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. 

 

 ,d d.k ftldk æO;eku m1 gS tks fd æO;eku m2 o f=T;k R ds xksys ls Vdjkrk gS] 
rks izHkkoh dkV {ks= izkIr dfj,A ;gk¡ nksuksa U;wVu ds fu;e ds vuqlkj vkdf"kZr gksrs gaSA  

 

4. A bead slides on a wire in the shape of the cycloid as given by equations – 

   x = b��– sin�� 

 and  y = b�1 + cos�� 

where y is the height of the bead and  0 ≤ � ≤ 2π 

Obtain the Lagrangian and equation of motion for bead. Here g is the acceleration 

due to gravity. 

 

 ,d pØt (cycloid) :ih ,d rkj ij ,d eudk fQly jgk gS] pØt dk lehdj.k 
fuEu gS & 
   x = b��– sin�� 
  o y = b�1 + cos�� 

tgk¡ y euds dh ÅapkbZ gS o 0 ≤ � ≤ 2π 
euds dk ySxzaft;u o xfr dk lehdj.k izkIr dfj,A ;gk¡ g xq#Ro ds dkj.k Roj.k gSA 

 

5. Check that whether the following transformation is canonical or not canonical – 

 Q = �
 �  , P = R S


  

 

 fuEu :ikUrj.k dks tkafp, fd dsuksfudy gS vFkok dsuksfudy ugha gS & 

 Q = �
 �  , P = R S


  

 

6. Deduce the equation of motion for two-dimensional isotropic harmonic oscillator 

using Hamilton’s equations in Cartesian coordinates. 

  

 dkrhZ; funsZ’kkadksa esa gSfeYVu lehdj.kksa dk mi;ksx djrs gq,] f}&foeh; lenSf’kd vkòfr 
nkssfy= ds fy, xfr ds lehdj.k fuxfer dfj,A 

 

7. Obtain the Maxwellian distribution formula using Gibbs distribution formula.   

 fxCl forj.k lw= dh lgk;rk ls eSDlosy dk forj.k lw= izkIr djksA  
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8. Show that in the high-temperature limit the heat capacity of a two level system is 

proportional to the inverse square of the temperature. 

  

 ;g n’kkZb, fd mPp rki lhek esa nks Lrj fudk; dh fof’k"V Å"ek rki ds oxZ ds 
O;qRØekuqikrh gksrh gSA 

 

9. Explain the Atwood machine using Lagrangian equation.   

 ySxazsft;u lehdj.k dk mi;ksx djrs gq, ,VoqM e’khu dks le>kb,A  

 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. 

 [k.M&^[k.M&^[k.M&^[k.M&^llll^̂̂̂  

 ¼nh?kZ ¼nh?kZ ¼nh?kZ ¼nh?kZ mŸkjh; iz’u½mŸkjh; iz’u½mŸkjh; iz’u½mŸkjh; iz’u½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& fdUgha nksfdUgha nksfdUgha nksfdUgha nks iz’uksa ds mŸkj nhft,A vki vius izR;sd mŸkj dks vf/kdre 555500000000 'kCnksa esa ifjlhfer 
   dhft,A izR;sd iz’u 11116666 vad dk gSA 

10. (A) Obtain the angular momentum component Mx and Mz of a particle of mass m 

in spherical coordinates. 

 æO;eku m okys ,d d.k ds dks.kh; laosx ?kVd Mx rFkk Mz dks xksyh; funsZ’kkad 
esa izkIr dfj,A  

 

(8) 

 (B) What do you understand by Micro Canonical Ensemble? 
 ekbØks dsuksfudy ,UlsEcy ls vkidk D;k vfHkizk; gS\ 

(8) 

11. (A) What do you mean by Generalized co-ordinates? Explain them. Explain 

Galileo’s relativity principle also. 

 lkekU; ¼O;kid½ funsZ’kkad ls vkidk D;k rkRi;Z gS\ bls le>kb,A xSyhfy;ks ds 
lkisf{kdrk ds fl)kar dks Hkh le>kb,A 

 

(8)  

 (B) Obtain the principal moments of inertia of a hollow sphere about a diameter 

using inertia tensor.  

 tM+Ro VsUlj dk mi;ksx djrs gq,] O;kl ds lkis{k ,d [kks[kys xksys dk eq[; tM+Ro 
vk?kw.kZ izkIr dfj,A 

 

(8) 

12. (A) For the two particle problem (the reduced mass), obtain the following 

Lagrangian for the system – 

   
 nks d.k fudk; ¼lekfur æO;eku½ ds fy, fudk; dk fuEu ySxazsft;u izkIr dfj,A 

   

 

(8) 

 
(B) What do you understand by Ensemble Average?  

 ,UlsEcy vkSlr ls vkidk D;k vfHkizk; gS\ 

(8) 

13. A rigid body is moving with velocity v�⃗  and rotating with angular velocity ω��⃗ , then 

prove the following relation where symbol have usual meanings – 

  K. E. = �

mv


 �
�



∑m�ω��⃗ Y r⃗�
 

 

(16) 

 ,d n`< oLrq osx v�⃗  ls xfr dj jgh gS rFkk mldk dks.kh; osx ω��⃗  gS] rc lkekU; izpfyr 
fpUgksa dks ysrs gq, fuEu lEcU/k dks fl) djks & 

  K. E. �
�



mv
 �

�



∑m�ω��⃗ Y r⃗�
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