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1. (A) Answer the following : 

  (i) Give   molecular   requirement   for   rotational   spectra   and   discuss   
experimental arrangement for pure rotational spectra.  7 

  (ii) Considering diatomic molecule as a rigid rotator, the eigen energy value is : 7 

   E = 
h2

82I
 J (J + 1). Show that the absorption spectrum consists of series of 

equidistant lines with constant separation of 2B. 

OR 
  (i) Compare three different types of molecular spectra in brief. Discuss the 

isotopic effect on rotational energy levels.  

  (ii) Explain the diatomic molecule as asymmetric top and obtain the expression 
for energy levels. Draw the energy level diagram for symmetric top for a 
given electronic state  = 2. 

 (B) Answer in short : (Any four)  4 

  (i) Give SI unit of electric dipole moment.  

  (ii) Write expression for energy levels of a rotator using rotational partition 
function. 

  (iii) Define the term wave number. Give its SI unit. 

  (iv) Why homogeneous diatomic molecule does not exhibit rotational spectra ? 

  (v) What is vibrational quanta ? 

  (vi) Which molecule gives pure rotational spectra ? 

 

2. (A) Answer the following : 

  (i) Discuss the symmetry classification of Electronic states. 7 

  (ii) Explain what is Raman Effect ? Discuss experimental arrangement for 
Raman spectra.        7 

OR 
  (i) Describe the phenomenon of Phosphorescent emission. 

  (ii) How Raman spectra help to determine the structure of molecule ? When 
acetylene is irradiated with 4358 Å Hg line, a Raman line attributed to the 
symmetrical stretching vibration is observed at 4768Å. Calculate the 
fundamental frequency for this vibration.  
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 (B) Answer in short : (Any four)  4 
  (i) What is band head ? 
  (ii) What is Raman shift ? 
  (iii) Define Fluorescence. 
  (iv) Designate the electronic state of a molecule corresponding to  = 0 
  (v) Why Raman spectra arises for visible light ? 
  (vi) Define Luminescence.  
 
3. (A) Answer the following : 
  (i) Discuss the quantum mechanical analogue of Liouville’s theorem.  7 
  (ii) Obtain the expression for Bose-Einstein and Fermi-Dirac distribution 

function.  7 
OR 

  (i) Describe in detail micro-canonical, canonical and grand canonical 
ensembles in Quantum mechanics. 

  (ii) Obtain the expression of partition function for rotational motion of gas 
molecules.  

 (B) Answer in short : (Any three)  3 
  (i) Define mean free path.  
  (ii) Define partition function.  
  (iii) Give the condition for pure state.  
  (iv) What is degeneracy ? 
  (v) Define characteristic vibrational temperature of a molecule.  
 
4. (A) Answer the following : 
  (i) Obtain differential equation of motion of element of volume for a crystal in 

terms of elastic constants.  7 
  (ii) Discuss briefly how elastic constants of crystal are measured 

experimentally. Elastic constants (in 1011 N/m2 unit) at room temperature 
for copper are as follows : 7 

   C11 = 1.684; C12 = 1.214; C14 = 0.754. Find bulk modulus for copper. 

OR 
  (i) Define bulk modulus and hence obtain an expression for it.  
  (ii) What is free electron Fermi gas ? Mention briefly the success and failure of 

classical theory of free electrons. Write schrodinger equation of free 
electron in one dimension. Solve it to obtain eigen value and eigen 
functions and hence obtain the expression for Fermi energy. 

 (B) Answer in short : (Any three)  3 
  (i) Write mathematical expression of Wiedemann-Franz’s law.  
  (ii) Give SI unit of stress.  
  (iii) Define elastic energy density.  
  (iv) Give S.I. unit of Bulk modulus.  
  (v) Write Hook’s law. 
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