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Choose the correct answer from the following:.
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Time : 2 hrs. 30 mins. Marks : 50

[Answer question no.1 & any four (4) from the rest |

1. a. Write the expression of V= in spherical polar coordinate. Define

spherical harmonics and give the expression of it. Write the
expression of spherical harmonics for1 =0, 1 and m = 0.

b. What is meant by degeneracy? Explain with examples. Discuss
the degeneracy of the energy of a rigid rotator.

2. a. Write down the complete wave function of a two-electron
system with normalization requirement and probability
density. State Pauli’s anti-symmetry principle and express it
with the help of exchange operator Pr_.

b. State Pauli’s exclusion principle applied to molecules and show
that for a two electron system the Flamiltonian operator

commutes with the exchange operator P .

3. What are the main types of intensity distribution of vibrational
bands in electronic transitions? State the principle behind the
explanation of the intensity distribution of the said vibrational
bands. Apply this principle to explain the intensity distribution of
oxygen and carbon monoxide molecule. Draw the transition
diagram with intensity of the transitions in each case.

4. a. Calculate the g value of a radical showing ESR signal at 0.3292
T in a spectrometer operating at 9,223 MHz.

b. The ESR spectrum of hydrogen atom exhibits two lines at
0.3573 T and 0.3066 T in a spectrometer operating at 9,302
MHz. Find the hyperfine coupling constant.

c. Find the ratio of the equilibrium population of a (Ms = +1/2)
and 8 (Ms = - 1/2) spin states of electrons at 27 °C in a magnetic
field of 0.34 T. Consider g. = 2.00.

d. How many lines are expected for the anion radical of
anthracene in a fully resolved ESR spectrum? Justify your
answer,

6+4=10

7+3=10

3+1+2+
2+1+1
=10

3+2+3+
2=10
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