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Unit - I 
 

1. Answer any three of the following:                                                  3x2 = 6 

a) What do you mean by Landau diamagnetism?              

b) Write down the Langevin equation of Brownian motion.                           

c) What is Bose Einstein condensation? Give an example.                        

d) What is the basic difference between classical and quantum statistics? What is the 

classical limit?                 

e) What is the difference between super-fluidity and super conductivity?                   

 

2. Answer any two of the following:                                       4x2 = 8 

a) Show that the mean energy per photon in a blackbody radiation cavity is very nearly 

2.7kT.                                    

b) Find the relation between energy fluctuation and number fluctuation for the grand 

canonical ensemble.                                                                                    

c) Derive the equation of state for an ideal gas of Fermions.            

d) Assuming an ideal Bose gas, show that the number of particle in the excited states is 

Nex = N(T/T0)
3/2                                       

       

3. Answer any one of the following:                                       6x1 = 6 

a) The sun is regarded as a black body at a temperature of 5800K. Its diameter is about 

1.4 × 109 m while its distance from the earth is about 1.5 × 1011m.  

 (i) Calculate the total radiant intensity (in W/m2 ) of sunlight at the surface of the 

earth.  

 (iii) If a flat surface on a satellite, which faces the sun, were an ideal absorber and 

emitter, what equilibrium temperature would it ultimately attain?           3 + 3 = 6 
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b) What do you mean by Pauli para-magnetism? Derive expressions for the low-

temperature and high-temperature susceptibilities of the gas of Fermions.      1 + 5 = 6  

 

Unit-II 

1. Answer any three of the following :                                                                        2×3=6 

a) The equilibrium vibration frequency for an oscillator is observed at 2990 cm-1. The 

ratio of the frequencies corresponding to the first and the fundamental spectral lines is 

1.96. Considering the oscillator to be anharmonic, find the value of anharmonicity 

constant.                  

b) Why N2 molecule is inactive to pure rotational spectroscopy?          

c) Write down the basic differences between the Raman Spectra and normal Infra-red 

Spectra.                 

d) The dissociation energy of H2 molecule is 4.45eV and that of D2 molecule is 4.54 eV. 

Find the zero-point energy of H2 molecule.             

e) If the anharmonicity constant of a diatomic molecule is 0.001, then find out the number 

of possible vibrational levels of the molecule.             

 

2.  Answer any two of the following:                                                           4×2=8          

a) The spacing between vibrational energy levels in CO molecule is found to be 8.44x10-2 

eV. Given that the reduced mass of CO is 1.14 x 10-26 kg, Planck’s constant is 6.626 x10-

34 Js and 1eV = 1.6x10-19 J. Find the force constant of the bond in CO molecule.     

b) Discuss the conditions under which the band-heads are degraded towards violet or red in 

the electronic spectrum. 

c) Rotational analysis of one band system is given by: υ=24762+25m-2.1m2 cm-1 . Deduce 

the position and the frequency of the band head.            

d) Discuss the effect of isotopic substitution on microwave spectra of diatomic molecule. 

      

      3.  Answer any one of the following:                                                          6×1=6 

a) What is Born-Oppenheimer approximation? 

Write a short note on P,Q and R branches observed in IR spectrum of a diatomic 

molecule.                                           1+5=6 

b) With the necessary theory discuss the main features of the vibrational and rotational 

Raman spectra of diatomic molecules. What light does it throw on the structure of the 

molecules?                                                                                                               5+1=6 

_____________________________ 


