M. Sc. (Physics) 3rd Semester Examination 2018
PHY 511 (Atomic, Molecular and Laser Physics)

Full Marks - 50 Time: 2 hours
Answer Q.No.1 and other three questions taking at least one from each group

1. Answer any five questions: 4%x5

(a) Considering only the first order fine structures of energy correction, indicate
which energy difference in each pair is larger and why.
(1) Sfs2— 5ds12, Sds;a— 5p3n; hydrogen atom in both cases
(i1) 6f52— 6p3/2, Sds,— S5d31; doubly ionized LiZ* atom in both cases
(i11) 4d3>— 4p. 2, 4f50—4p3p; hydrogen atom in both cases
(V) En=y— Eq; for hydrogen atom, E,-3— E,, for doubly ionized Li?* atom.
4

(b) Consider an electron moving under a restoring force where the motion is weakly
damped and far from resonance. Establish the expression of electric dipole moment

from quantum mechanical point of view. Compare the above expression with classical
result. 4

(c) Write down the trial electronic wave function for a molecule following the LCAO

approximation. Obtain the secular equation for the electronic energy of the molecule
using the variational method. 212

(d) Write the electronic configuration of O, molecule. Show that the double bond of
O molecule can be inferred from the molecular orbital (MO) theory.

%

(e) Calculate the rotational energy of a symmetric top molecule. What will be the
difference in energy if the top spins clockwise and anti-clockwise?

3+1

(f) For a laser system, define the Quality Factor (Q) of a mode. Show that, the width
of the output spectrum depends inversely on Quality Factor. Derive the corresponding
expression. 143

Group - A

2. (z) What are the chosen basis in cases of single electron atom subject to (i)
moderate magnetic field and (ii) weak magnetic field? Provide appropriate reasons for
these choices.
(b) Establish the expressions for the correction of energy for single electron atom
subject to (i) moderate magnetic field and (ii) weak magnetic field.
(¢) Plot the transition scheme for transitions from n=2 to n=1for single electron atom
subject to (i) moderate magnetic field and (ii) weak magnetic field.
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Group - B
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