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1. (aJWhich of the following is an eigenfunction of the operator P,=-i(h/2TTJr-1 (a/arJ r

(AJexp(ikrJ (BJsin(krJ (C) r-1 exp(ikr) (DJr exp(ikr) (EJexp(-kr2) (4J

(b) The corresponding eigenvalue equals (AJ0 (BJ(h/2TTJk (C) i (h/2TT) (D) (h/2TTJ2k2 (2)

2. Prove that for any arbitrary function 'P,which is normalized to unity, (PIH!lV) ~E0,
where Eo is exact ground state. (5)

3.. [£Jfm) and [£Jfm+l) are the variationally optimized energies for a linear variation using
[3) and [4) basis functions. Identify all the completely correct statement by a tick. (More
than one option may be correct).

a. (Ei]f3l $ (E1Jf4l s; (E2Jf3l
b. [E2]f4l ~ [E1][3J

c. (E1Jf4l $ [E1][3ls; [E2][4J~ (E3][3J
d. [£3][4) $ (£3][3) ~ (£4][4]

(4)

4. The Fock operator is f(l) = h(l) + 2: f x; (2)-1 (1- P12)xb (2)d .-2•Show that the
r12

above Fock operator is hermitian.
(4)

5. Write the canonical form of spin-integrated one-particle Hartree-Fock equation for closed
shells and using basis expansion, derive the Hartree-Fock- Roothaan equation. (4+5)

6. (a) Show that the determinant of a hermitian matrix is real. (3)

(b) A unitary matrix, U is defined by cf U = I. Show that the determinant of U is a phase
factor eie. (Hint: det(AB)==det(A)det(B)) (3)

P.T.O.



7. The coulomb integral lab and Kah are defined by .lab= (lJlalJlbllJlal/'b) and Kab = (l/'al/'bll/'bl/'a)
where lfla and 1Phare space orbitals. (5)
Show that:

(a) laa = Kaa
(b) l~b =L» and K~b = Kab
(c) lab = lba and Kab = Kba

8. Show that in the above expression of Kab in problem 3, if 'Pa and 1.Pb are real spatial
orbitals,

Kab = (lJlalJla]l/'bl/'b) = (l/'blf'bllJlalf'a)· (3)


