
tAJJ Indain Institute of Technology, Kharagpur 

/ 
Date FN /AN, Time 2 hrs, Full Marks 100, Dept. Physics 
No of Students: 66, Mid Autumn Semester Examination 
Subject Nu. PH41023 Subject Name : Statistical Physics I 
2,3,4yr B.Tech, MSc, Instructions: All questions have equal marks, answer all 

1. Consider an isolated ideal gas with N particles, volume V and energy in the range E 
toE+ 6.. (a.) Calculate f(E) the volume of 6N dimensional phase-space available to this 
system. (b.) Use this to calculate the entropy, and expressing this as 

in the thermodynamic limit, calculate a, b, c. (c.) Using this calculate the free energy 
A(T, V)jNkB. 
2. Given that the classical partition function for an ideal mono-atomic gas of N identical 
free particles in a volume V is 

1 (y)N QN(VT) =- -
' N! ,A.3 

, where A = h/ )21fmkBT is the thermal wavelength Calculate: 
(a.) The average energy per particle ; (b.) The variance of the energy per particle ; (c.) The 
Helmholtz free energy; (d.) The entropy; (e.) The grand partition function Z(z, V, T). 
3. Carbon-monoxide poisining occurs when CO replace Oz on Hb (haemoglobin) molecules 
in the blood stream. Consider a model of Hb consisting of N sites each of which may be 
empty (energy zero), occupied by Oz (energy t:1 ) or occupied by CO (energy cz}. At body 
temperature 37° C the fugacities of Oz and CO are respectively z1 = 10-5 and Zz = 10-7 . 

Also leV jk8 = 1.16 x 104 K. 
(a.) Consider first the system in the absence of CO. Find c1 (in eV) such that 90% of the 
sites are occupied by Oz. (b.) Now admit CO. Find Ez (in eV) such that 10% of the sites 
are occupied by Oz. 
4. A high vacuum cham.ber develops a leak of cross-sectional area O", and air enters the 
chanber from outsude through diffusion. The leak is .plugged after a time T. (a.) Calculate 
N the total number of particles that have entered the chamber,· and E the energy content of 
these particles. (b.) The air that has entered the chamber subsequently comes to equilibrium 
at a temperature~. Determine the ratio TijT0 , where T0 is the temperature of the air outside 
the chamber. 
5 Consider a gas of N relativistic particles at temperature T occupying a volume V. The 
energy of each particle is E = pc. 

(a.) Calculate the partition function QN(V, T). (b.) Calculate the Helmholtz free energy 
AN(T, V), pressure P and internal energy U of this gas. (c.) The gas undergoes an adfabati~ 
!3Xpansion to a volume V', determine the new pressure P' in terms of P, V and V'. 




