Hartree-Fock Theory

l. He atom revisited

H=h@ +h(2) +e’/r, (1)
Consider amore general formfory (@, 2), i.e.,
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Seek best form for f 5. Hartree theory can be shown that optimum f ;5
satisfies
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These are coupled integro-differential equations. Difficult to solve
directly. Instead, use an iterative method. Describe this later.

First, rewrite (3) as
[ @ - & ]f 15(r) = 0 (43)
[het (2)- &,f15(r2) =0 (4b)
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The expectation value of H is, as usual,
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but wheref ;. here is determined from eqg. (4), i.e., it is not the
hydrogenic 1s wavefunction, nor even the one with the orbital exponent
optimized.

More details

Define the effective potential u® (r.) by

< f (2)\- (9)
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Make u® (r.) spherically symmetric by averaging over angles.

So, if ingeneral f (r;)=R(r)U,, (a.f;) (10)
we have
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The solution to these equations is obtained by an iterative method, as

follows.
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Start with
f {9(i) = hydrogenic 1s orbital

Calculate u® (i), then solve as the uncoupled equations using a

numerical method (see below for another approach). Call e® and f {Y(i)

the 1% iterate. Use these to obtain u®" () and re-solve the eigenvalue
eguations to get ei(z) and f {f)(i). Continue to iterate until the process
converges, i.e.,

e™ =gV 1g

where d; isasmall value, the convergence threshold.
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