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Part-A
Answer ALL questions (10x 2=20)
1.  Convert the point (3,6, 8) in cartesian coordinate to cylindrical coordinate.
2. Which of thefollowing is an acceptable wave function? e or e™*,
3.  Cadculate the kinetic energy of the photoelectron emitted with energy 3.10 eV.
(Giventhat ¢ = 2.13 eV).
4 Find out the value of Hz (y) and their corresponding normalization factor of a harmonic oscillator.
5 Mention the significance of Slaters determinant.
6.  Obtain the ground state term symbol for Nitrogen atom.
7. What is coulomb integral ? Mention the operator involved.
8 Prove that the four C, axesin the D, point group constitute two different classes.
9.  Show that the p, orbital belongsto totally symmetric representation in C,, character table.
10. Identify the equivalent of the following combined operations: C,(z) and oy (x2).
Part-B
Answer any EIGHT questions. (8 x 5=40)
11. Find out whether the operetor d/dr is Hermitian for the following eigen functions of a spherically
symmetric systems (i) v, = e (i) = e 7.
12. Discussthe postulates of guantum mechanics.
13. Write down the Schrédinger wave equation for simple harmonic oscillator and obtain their Hermite
polynomial equation.
14. Thefirst line in the rotation spectrum oi CO has a frequency of 3.8424 cm™. Calculate the rotational
constant and C-O bond length.
15. Apply variation theorem to the probability of fnding the particle in one dimensiona box of length ‘I’
using the trial wave function, Y = Nx (L - x).
16. Obtain the value of the commutator [x, px] and mention its significance.
17a. Calculate the zero-point energy of HI molecule. Given the force constant = 314.14 N m™,
b. Write down the Hamiltonian for helium atom. (3+2)
18. How many irreducible representations are possible for PFs molecule? Mention their dimensions.
19. Generate the reducible representation of NH3z molecule for its vibrational modes using the Cs,
character table. E|2Cs (3|30, mut.;;-,:;ls R
Al 1 1 z x2+y2, z2
Az|1| 1 41| R,
E|(2 -1 0 |(x¥) (Ry R}r) [xz-yzj xy) (xz, yz)
20. Czy and Cg, point groups riave uie saifie uruer vuL yet uienn classes a e different. Justify.
21. Solvethe Secular determinant for 1,3-butadiene to obtain MO energies.
22. Obtain the Slater determinants for the excited state of Helium atom.




Part-C
Answer any FOUR questions.

(4 x 10=40)
23. a. Derive the time-independent Schrodinger wave equation.
b. Show that the function F = cosax cosby coscz is an eigen function of v2 and obtain its eigen

value. (6+4)

24. a. Derive the expressions for wave function and energy for aparticle in arectangular box.

b. Obtain the value of Py (8) and P21 (8). (5+5)

25.  Write down the Hamiltonian and Schrodinger wave equation for hydrogen like atoms. Obtain the
value of radial function for (i) Rz (r) and ii) Ra4 ().

26.a. Show that the following wave function for 2s orbital is normalized:
d 2Zr

hom 2 () (2-2)

b. Using HMO theory obtain the resonance energy tor alyl cation. (5+5)

27.a. Construct the C,, character table using Great orthogonality theorem and prove that any two
irreducible representations are orthogonal .

b. Offer an explanation for the Mulliken symbols A’ and E,. (7+3)
28.a  Show that the energy integral Ha, = SE + S(€°/rag) + K.

b. Determine using direct product representation whether m — 1* transition is allowed in
ethylene. The Dy, character tableis provided for reference.
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