Chemistry 651

Final exam

(0 12 June 2006
1. Explain why we should not use the function
P(1,2) = Ne ®mHr2)(p) — ) (1)

for the helium atom ground state.

2. A particle exists in a box of length L (0 < z < L) and is subject to a small potential
po island in the box center such that,
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(a) Calculate the first order shift in energy and the first order change in wavefunction.

(b) We know that the system will exhibit tunnelling when k is very large. Accordingly,
when is our perturbation theory valid?

(c) Are any exact results obtainable from the application of the Hellmann-Feynman the-
orem independent of the size of k?

3. A new particle is found to have a spin of unity (a Boson) and a charge of —1. A Hartree SCF
calculation is performed on a three particle system which has a wavefunction ¥(1,2,3) =
a(1)b(2)c(3) where a, b and c are distinct orthonormal spin orbitals.

(a) Write the symmetrized and normalized Boson wavefunction.

(b) What is the Hamiltonian of this system?

(c) What is the ground state energy, as expressed in terms of €;, J and K.

4. Suppose we perform a MO calculation on a fixed geometry with a single degree of free-

v dom as expressed by the coordinate R, and that we could calculate the first and second

derivative of the energy with respect to R. Implement the Newton-Raphson algorithm to
optimize the geometry and thereby arrive at the potential minimum.

5. Define these:
I 4631C

contracted Gaussian

correlation energy

configuration interaction
e MP2

6. Write the DFT expression for the energy of a many electron atom. Define all terms.
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