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No queries are to be entertained during the examination

Answer all questions and each question carries equal marks.

1. Calculate Lande's g-factor and total magnetic moment for 2D3/2state.
2. A spectrometer can resolve spectral lines separated by 0.03 nm. How much magnetic field will have to

be applied to a source of 422.7 nm line, so that the triplet is just resolved in normal Zeeman effect?
3. Show Paschen Back effect schematically for a principal series doublet of a single valence electron

atom.
4. Show that the number of terms for p'd' configuration is the same for LS and JJ coupling.
5. Calculate the spectral terms for two non-equivalent p-electrons and two equivalent p-electrons. Find

the lowest energy state of four equivalent p-electrons.
6. Calculate (spin) magnetic moment (in Bohr magnetron unit) of Fe+3and Fe+2ions (Z = 26).
7. Show the splitting of the degenerate n=2 level of a one electron atom due to the (linear) stark effect.
8. In ground configuration of scandium (Z = 21), find out the two lower energy spectroscopic terms. If

they are separated by 168 ern", what are their relative population at 2000 K ?
9. The rotational constant (B) for 'H35CI is observed to be 10.5909 cm-'. What are the values of B for

'H37Cl and for 2D35Cl.Estimate their rotational quantum number (1) for maximum population.
10. The rotational spectrum of HF has lines 41.9 em-, apart. Calculate the moment ofInertia and the bond

length of the molecule.
11. The fundamental band of CO centered at 2143.3 cm-' and the first overtone band at 4259.7 cm-'.

Calculate anharmonicity constant and dissociation energy.
12. The Raman Spectra of N2 is obtained by using excitation radiation of wavelength 54 nm. Predict the

wavelength of first three stokes and antistokes lines in pure rotational Raman spectra of N2.
13. Write Pauli Exclusion Principle and Hund's rule. Find out the spectroscopic term for ground state of

the atoms with the electronic configurations [closed shell]4d '5s2 and 4d25s .
14. Write the rotational energy expressions for a diatomic molecule for rigid and non-rigid rotator model.

Drawing the energy levels show the rotational spectra for each case.
15. Write the energy expressions for harmonic and anharmonic vibrators and show the vibrational spectra

for each case. Define fundamental, overtone and hot bands.
16. Explain Born-Oppenheimer approximation and derive the energy expression of the diatomic vibrating

rotator. Draw the energy levels and show the P, Q, R bands.
17. State the Franck-Condon principle and illustrate the intensities of vibrational-electronic spectra of a

diatomic molecule.

[Fundamental constants: h= 6.626 x 1O-341.s; c= 3 X 108m.s"; EO = 8.854 X 10-'2 F.m-'; ~o= 1.256 X 10-6

H.m-'; a = 11137 ; e = 1.6 x 10-'9 C ; me = 9.11 x 10-3'kg; Mp::::; 1.67 X 10-27kg; ao = 5.291 x 10-11 m ; ~B =
9.274 X 10-24J.r'; k = 1.38 X 10-231.K-'; a.m.u = 1.66 x 10-27kg.
Atomic mass (in kg): atomic mass number x a.rn.u (may be used for calculation).
Conversion: 11 = 6.241 X 10'8 eV ; 1 m = 10'0 A.]


