September 18, 2015
PHY 752 — Problem Set #10
Read Chapter 4 in GGGPP

1. This problem is concerned with variationally estimating the ground state electronic
energy of a two-electron atom with nuclear charge Ze in the Hartree-Fock
approximation. The Hamiltonian for the two-electron system is
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Assume that the spatial part of the two-electron wavefunction can be written in the
form

W(ry, o) = ¢(r1)p(r2),

where

¢(r) = Neor/®,

where N is the normalization factor, a = h?/(me?) is the Bohr radius, and « is a
variational parameter.

(a) Show that

o = S (- ).

Hint: Show that the two electron term involves the integral
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(b) Find the value of o that minimizes the Hartree Fock energy F(«) and the
corresponding estimate of the ground state energy of the two-electron system.



