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1. If we use a Gaussian wavefunction for the hydrogen atom, we find the ground state energy 
to be 

E(a )  = :a - J&& ( 1 )  

where a  is a variational parameter. By means of the variational theorem: 1) derive a 
value for a; 2 )  derive the minimum in E(a ) ;  and 3) compare E(a )  to  the true ground state 
energy. 

2. Suppose we are given the exact Hamiltonian and we conjecture that  the wavefunction 
function can be represented by a sum of three terms, 

where ci are to be determined and the are orthonormal. If the Hamiltonian matrix is 

and all the remaining Hij  vanish, what are the three variationally determined wavefunc- 
tions, and their corresponding energies. 

3. Polarizibility of the H-atom revisited. This time we will use perturbation theory to derive 
a, as defined by 

( p )  = a . E (4) 

The dipole moment operator is p  = r and the applied perturbation is 

Calculate a using only two hydrogenic basis functions, 1s  and 213,. Derive a on the basis of 
the induced polarization of the Is orbital by the electric field along z.  Using the notation 
we discussed in class, 

Write the polarizability in terms of matrix elements of the 1s and 2p,  functions. Recall 
that EL0) = - &. 



4. Prove that the Pauli exclusion principle is a direct consequence of the antisymmetrization 
of products of one electron functions. Illustrate this by one example of your choice. 

5. In the HF treatment of the Li atom, we found that the energy had contributions from so- 
called Coulomb and exchange integrals. Write one coulomb and a corresponding exchange 
integral that would arise. 
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