Exchange forces in He atom

spin S M Exchange
eigenfunction eigenfunction | force

antisymmetric:
\/%[U(Tl) —a(l7)] 10 0 maximal attractive

(singlet) | for 1 ~ 73

symmetric:

(1) +

%[g(“) +a(IM] |1 0 vanishes repulsive
a(l]) —1 for r{ = 13

(triplet)
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Hartree method

Estimate net potential 1/ (1) for typical electron

subject to:
ZIWZG()e:’ r— O
Vi(r) =
4;66027‘7 r—0o0
Solve TISE for typical electron:
_ B2
% Vz ¢(7”, 97 ¢) + V(T) ¢<T7 07 ¢) — Ew(ra 97 ¢)

yielding the eigenfunctions and eigenvalues:

Va(r,0,9), ¢ﬂ(7a7 0,9), wy(T, 0,0), ...
E,, Eg, E,, ..
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Obtain the ;
(minimize total energy, obeying P.E.P.)

" Compute charge distribution seen by typical electron:

[4

Qr) = ig_@ \_ewziﬂa —epghg — ey — ...

nucleus Z—1 electrons
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Determine the net potential that generates this charge

distribution using Gauss’s law and integrating the electric field
E(r):

Q(r) — B(r) — V(r)

Is the potential self-consistent?

/

Vir)~V(r)?

NO

iterate 1 (r) Eu,Va, Eg, 05, ...
., — —  —_ —" | describe the electrons
in atom’s ground state
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