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1. Write true or false with brief explanation: 

a) The operator :fx is a hermitian operator. 

[ 12] 

b) The photo-electric effect shows that light of a certain wavelength can eject 

electrons from the surface,ofa·metal. · 

c) The Is electrons in an atom have zero probability of being further away from 

the nucleus than the 2s electrons. 

d) The J selection rule for rotational transition involving a rotor is M = ±I. 

e) The potential for a harmonic oscillator has the form !o? Since the lowest value 

for the potential energy is zero, the ground state energy is zero. 
,, 

f) The expectation value of the momentum operator, p, in the ground state of a 1-

dimensional harmonic oscillator is zero. 

2. In the vibrational motion·ofHI, the iodine atom essentially remains stationary because 
of its large mass. Assuming that the hydrogen atom undergoes harmonic motion and 
that the force constant k is 3I7 N/m, what is the fundamental vibration frequency v 0 . 

[Given, the mass of a proton is 1.67 X I o-27 kg.] [2] 

3. Calculate the frequency of the J = 3 to J = 4 transition in the pure rotational absorption 

spectrum of 14 N 160. The equilibrium bond length is II5 pm. Assume no centrifugal 
distortion. The mass of a nitrogen atom is 14.003 amu; the mass of an oxygen atom is 

15.995 amu; and the conversion factor is 1.6605 xI o-27 kg/amu. [3] 

4. Express the Hamiltonian for a hydrogen molecular ion and a hydrogen molecule in 
atomic units. [2] 

Contd. to page-2 

1 



CY41009-EndAut-2011-12 

5. (4+3] 

a) Show that in the simple MO treatment of H;, 
1 ' s ' 

H AA = H RB = -2 + J and H AB = -2 + K . 

Where Sis overlap integral, 

·l1 
' 1J .r 1 1\ f = Jdr.lsA - r~ + R .1sA,and K' = Jdr.lsAl- rA + RJls8 . Symbolshavetheir 

usual meaning. 

b) Also find out the normalized wavefunctions for H; . 

6. Born-Oppenheimer approximation helps in simplifying the molecular Hamiltonian -
Elaborate with a suitable example. [ 4] 

7. Derive the essential condition and selection rule for a pure vibrational transition 
involving a harmonic molecular oscillator. [5] 

8. Write down a concise account or Raman spectra for molecular system. What do you 
mean by the 'principle of mutual exclusion'. [6] 

9. Simple valence bond theory d9es not take into consideration of the ionic terms, 
whereas the simplified MO theory puts too much importance on to the ionic terms -
Justify or criticize. [6] 

10. What is the significance of the Coulomb integral encountered in the MO treatment of 

.[3] 
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