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Q.1 Define negative temperature, fluctuation-dissipation theorem, electron degeneracy 

pressure, metastable states and critical exponents?                
[10] 1,2,3 1 

     
     

Q.2(a) Suppose the energy of an anharmonic oscillator is given by    

where n is a positive integer and n > 1.  Consider a thermodynamic system consisting of 
a large number of these identical noninteracting oscillators. Derive the single oscillator 
partition function. 

[5] 2 3 

Q.2(b) Show that the heat capacity is  for the above problem [5] 2 3 

     
     

Q.3(a) Find the critical temperature, pressure and volume at which the Van der Waals isotherm 
has an inflection point. 

[5] 3 2 

Q.3(b) Using Landau theory, discuss the phase transition of a system from a paramagnetic state 
to a ferromagnetic state.   

[5] 3 2 

     
     

Q.4(a) Compute the partition function of a one-dimensional Ising chain in absence of a 
magnetic field.  

[5] 4 3 

Q.4(b) Explain the formulation and outcomes of Curie-Weiss mean field theory. [5] 4 4 
     
     

Q.5(a) Write down the Langevin equation for a Brownian particle and discuss the properties of 
the fluctuating force. 

[5] 5 2 

Q.5(b) Derive the fluctuation-dissipation theorem for a Brownian particle. [5] 5 3 
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