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Candidates are requested to give their answers in their own 

words as far as practicable 

 

Unit - I 
 

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

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

b) What do you mean by Landau diamagnetism? 

c) Write down the Langevin equations of Brownian motion.          

d) What is super fluidity?  Give an example which shows the super fluidity. 

e) What is the difference between classical statistics and quantum statistics? What is the 

classical limit?    

2. Answer any two of the following:                                                           4×2=8 
a) Show that the mean energy per photon in a blackbody radiation cavity is very nearly 

2.7kT. 

b) Show that the root mean square fluctuation in energy of a canonical ensemble is:                                                       

< (∆𝐸)2 > = < 𝐸2 > − < 𝐸 >2= 𝑘𝑇2𝐶𝑣 

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

= N(T/T0)
3/2 ; Where N is the number of particle at ground state.              

d) What do you mean by Pauli para-magnetism? Derive expressions for the low-

temperature and high-temperature susceptibilities of the gas of Fermions.        

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

a)  Write down the Hamiltonian for an one dimensional Ising system of N spins in the 

presence of a magnetic field B. Calculate the partition function and then all the 

thermodynamic quantities of the given system. Show that the magnetization is zero for 

all temperature in the absence of external magnetic field.                         1 + 4 + 1 = 6 

 

b) The sun may be 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 average radiant intensity (in W/m2 ) of sunlight at the surface of the 

earth.  
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(ii) What pressure would it exert on a perfectly absorbing surface placed normal to the 

rays of the sun?  

(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? 

            2 + 2 + 2 = 6 

 

Unit-II 

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

a) Give the equations of fundamental absorption and first overtone.            

b) Give the equation of Rotational constant and moment of inertia.          

c) What do you mean by Band Head? 

d) Discuss the intensity distribution of O2 molecule from Franck- Condon principle. 

e) Write down the differences between Raman Spectra and Fluorescence spectra 

            

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

a) How to produce microwave spectroscopy? Write down the applications of microwave 

spectroscopy.          1+3=4 

b) In the rotational Raman spectrum of HCl the displacements from the exciting line are 

represented by ∆υ = (63+42 J) cm-1. Calculate the moment of inertia of the HCl 

molecule. 

c) Discuss Frank-Condon Principle in emission and absorption. 

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. 

      

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

a) Explain simple harmonic oscillator and anharmonic oscillator and give selection rules. 

b) Discuss rotational fine structure of electronic vibrational transitions. What is Fortrat 

diagram?          5+1=6           
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