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B.Sc. 6th Semester (Honours) Examination, 2021-22 

PHYSICS 

Course ID: 62412                                       Course Code: SH/PHS/602/C-14/T-14 

Course Title: Statistical Mechanics (T14) 

Time: 1 Hour 15 minutes                                                                 Full Marks: 25 

                                                       The figures in the margin indicate full marks. 

Candidates are required to give their answers in their own words 

                                                                          As far as practicable      

Section-I 

 

1. Answer any five questions:                                                                                                               1X5=5 

(a) Give an example which shows Bose-Einstein condensation. 

(b) What do you mean by thermodynamic probability? 

(c)  What do you mean by μ-space and τ-space? 

(d) What is the physical significance of chemical potential? 

(e) What do you mean by statistical temperature? 

(f) How statistical mechanics gives physical picture of entropy? 

(g) Explain the concept of negative temperature. 

(h) What is Chandrasekhar Mass Limit? 

 

Section-II 

2. Answer any two questions:                                                                                                           5 X 2=10 

(a) Show that the statistical temperature is given by β = 1/kT = ∂[ln(Ω)]/∂E, where Ω is the way 

of distribution of possible microstates .  Give two example of micro-canonical ensemble.   

                                                      4+1=5 

(b) Consider a system of particles in three dimension with momentum p and energy E = c|p|, c 

being a constant. The system is maintained at temperature T, volume V and chemical potential μ. 

What is the grand partition function of the system?                             5 

(c)  (i) A liner harmonic oscillator of mass 𝑚 moves with constant energy 𝐸 along 𝑥-axis. What 

will be the phase trajectory? What modification will take place in the phase space trajectory if 

the system is immersed in a viscous liquid? 

(ii) A particle moves in 1D space under a potential V = a|x| with some non-zero kinetic energy, where 

a>0. Draw the phase space trajectory.                       (1+2)+2=5 
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(d) (i) Starting from FD distribution law, derive the expression for energy distribution of free 

electrons in a metal. 

(ii) Explain graphically the Fermi Distribution at zero and non-zero temperature.  Explain the 

criteria for the applicability of Bose-Einstein statistics.                                3+(1+1)=5 

 

Section-III 

3. Answer any one question:                                                                                                        10110   

(a) State and explain which statistics (classical Maxwell-Boltzmann; Fermi-Dirac; or Bose-

Einstein) would be appropriate in case of (i) density of 4He gas at room temperature and 

atmospheric pressure, and (ii) density of electrons and holes in semiconducting Ge (band-gap ≈ 1 

eV) at room temperature?  

How do the degeneracies of Bose-Einstein and Fermi-Dirac gas differ? 

What are basic differences between photon gas and ideal gas? 

What is the difference between liquid He-I and liquid He-II. 

Given that the mass of the sun is 2 x 1033 gm, estimate the approximate number of electrons in 

the sun. Assume the sun is largely composed of atomic hydrogen.          (1.5+1.5)+2+2+2+1=10  

 

(b) (i) Show graphically the intensity distribution of Plank’s black body radiation as a function of 

frequencies and wavelength.  

      (ii) A monoatomic gas consists of atoms with two internal energy levels E0 = 0 and an 

excited states E1 = E. Calculate the heat capacity of the system.   

      (ii) Consider a system of 2𝑁 distinguishable particles, each with spin1
2⁄ , at rest in a magnetic 

field of intensity𝐵. Each particle can have energy +𝜇𝐵 for (𝑚𝑠 = + 1
2⁄ ) or −𝜇𝐵 for (𝑚𝑠 =

− 1
2⁄ ), where μ is a constant. Calculate the number of spin up particles for which entropy of the 

system will be maximum. Calculate the total energy and hence heat capacity of the system.  

                                   1+3+(3+3)=10 

_________________  


