Evaluating matrix elements of Coulomb repulsion

We calculate matrix element of Coulomb interaction
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when the electrons are in states ¢, (71), ¢p(72),

* [ = * (= 1 — — — 71—
(6u00 Viol 0un) = [ [ 637)05(7) e roulF)n(m)dmar, (1)
with
¢a(r1) = Ra(r1)Yi,m, (1) (2)
and
Oo(72) = Ry(r2)Yim,(F2) (3)
using the multipole expansion
1 dr L N .
m = THTTLYLM<T1>YLM(T2) (4)
LM >
where

re=ry, rs=ry for |F] < |F
re=ry, rs=r for |rh] < |ri]

Then this can be separated in several integrals
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and the integrations
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For s-states, when [, = 0, m, = 0 each of the angular integrals simply give v/4m and
cancel that factor in the first term.

What remains to be evaluated is the double integral
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which for hydrogen-like states reduces to elementary integrations.

EXERCISE: by expanding the inequalities, write out the two double integrals to be
evaluated.
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