
Instructions to Candidates: 

�  Answer ALL the questions. Each question carries 10 marks 

� Missing data may suitably be assumed. 

� Answer all the sub questions of a main question in a continuous sequence. 

� Write question number within the margin. Draw neat sketches wherever necessary. 
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 pumped into upper state, with 4.0 x 1020 atoms in the lower state, how much energy 
 could be released in a single laser pulse ?                                                          [3 M] 
 

2C Write  (i) Stefan’s law  (ii) Wien’s displacement law  (iii) Rayleigh-Jeans law. Explain 

all the notations.                                                                                              [3M]

                                              

2D Show that the group speed of a wave packet is equal to the particle speed for a free  
non- relativistic quantum particle ((total energy is only kinetic energy).              [2 M] 

 
 

 

3A Briefly explain the step index and graded index optic fibers showing the refractive 

 index profile in them.                                                                                            [2 M] 

 

3B  Give a brief account of tunnelling of a quantum particle through a potential energy 
 barrier.                                                                                                                 [4 M]                          
  

3C An alpha particle in a nucleus can be modeled as a particle moving in a ”box” of 

 length 1.0 x 10–14 m. Using this model, estimate the wavelength, momentum and 

 energy of the α- particle in its lowest energy state. How much will be its energy in 

 the first excited state (n=2)? Mass of an α- particle is = 4 ×××× 1.66 X10
–27 kg.       [4 M]  

 

4A  Give a brief account of quantum model of H-atom.                                            [3 M] 
  

4B A particle of mass m is confined to a one-dimensional box between x = 0 and  x= L. 
 Find the expectation value of the position x of the particle in the state characterized 
 by quantum number n.                           [4 M]  

 

4C Calculate the energy of a conduction electron in silver at 800 K, assuming the 

 probability of finding an electron in that state is 0.950. The Fermi energy is 5.48 eV 

 at this temperature.                                                                                              [3 M] 

 

 

5A Based on the allowed states of a particle in a three dimensional infinite potential 

well, 'box', derive the density-of-states function (����� = �� ��	
�
�
	

��
�
�
	  ).           [5 M] 

 

5B The band gap energy for silicon at 300 K is  EG = 1.14 eV.  Find the lowest-
frequency (fLOWEST) photon that will promote an electron from the valence band to 
the conduction band.                                                                                            [2 M] 

               

5C Consider a cube of gold (d =) 1.00 mm on an edge.  Calculate the approximate 
number (N) of conduction electrons in this cube whose energies lie in the range      
E = 4.000 eV to E + ∆E = 4.025 eV. Fermi energy for gold = 5.53 eV.               [3 M] 

         


