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Instructions : (1) All questions carry equal marks.
(2) Symbols have usual scientific meanings.

1. (a) Explain salient features of Rotational spectra with a suitable example. 5
OR
Explain salient features of Vibrational-Rotational spectra with a suitable example.

(b) Describe an experimental arrangement to obtain pure rotational spectra in
absorption. 6
OR
Explain with necessary expression how vibrational constant could be determined
from infrared spectrum of anharmonic oscillator.

(c) The transition J = 3 to J = 4 in HCI is associated with radiation of 80 cm™. Using
the rigid rotator approximation, calculate the moment of inertia of HCI.
Given that : reduced mass of HC/ molecule = 1.60 x 10727 kg, h = 6.64 x 10734 J.
sec, C =3 x 108 m/s. 3
OR
The force constant of the bond in CO molecule is 1870 N/m. Calculate the
frequency of vibration of the molecule.

2. (a) What is Raman Effect ? Discuss the classical theory of Raman Effect. 6
OR
Explain pure rotational Raman spectra in brief. With necessary expressions, show
that rotational Raman lines are equidistant.

(b) Discuss the experimental arrangement for Raman spectra. 4
OR
Describe the phenomenon of Phosphorescent emission.

(c) With exciting line 4358 A, a sample gives Stokes line at 4458 A. Deduce the
wavelength of the anti-stokes line. 4
OR
Calculate the components for substates for the following quantum numbers :

i Im
(i) 2m
(iii) 3n
(v) “A
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3. (a)

(b)

(b)

What are symmetric and anti symmetric wave functions and hence distinguish
Bose-FEinstein & Fermi-Dirac statistics.

OR
Obtain the quantum mechanical analogue of Liouville’s theorem.

Obtain the expression for Rotational partition function.
OR
Obtain the expression for vibrational partition function.

Define the term Bulk modulus and hence show that for a cubic crystal, the Bulk
modulus B = (1/3) [C, | +2C,].

OR
Discuss the effect of temperature on Fermi-Dirac distribution.

Write Schrodinger equation for free electron gas in three dimensions. Solve it to
obtain eigen values and eigen functions. Hence obtain the expression for Fermi
energy.

OR
Write general matrix equation for stress components. Prove with the help of elastic
energy density and symmetry arguments that for 36 elastic stiffness constants
reduces to 3 independent one for cubic crystal.

5. Answer in short :

(i)
(ii)
(iii)
(iv)
(V)
(vi)

(vii)

Define the term Dilation.

Define elastic energy density.

Define density of States.

What is Lorentz Number ?

Define characteristic vibrational temperature of a molecule.
What are Fermions ?

Define reduced mass.

(viii) Define Fluorescence.

(ix)
(x)

(x1)
(xi1)

Designate the electronic state of a molecule corresponding to A = 0.

“The molecules have rotational and vibrational states but atoms do not”. Comment.
What is Raman Shift ?

Define Fermi energy.

(xiii) What is Degeneracy ?

(xiv) Define Thermal conductivity.
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