
Exchange forces in He atom

spin s ms space Exchange

eigenfunction eigenfunction force

antisymmetric: symmetric;
1√
2
[σ(↑↓) − σ(↓↑)] 0 0 maximal attractive

(singlet) for ~r1 ≈ ~r2

symmetric: antisymmetric;

σ(↑↑) +1
1√
2
[σ(↑↓) + σ(↓↑)] 1 0 vanishes repulsive

σ(↓↓) −1 for ~r1 ≈ ~r2
(triplet)
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Hartree method
˚ Estimate net potential V (r) for typical electron

subject to:

V (r) =







−Z e2

4πε0 r
, r → 0

−e2

4πε0 r
, r → ∞

¸ Solve TISE for typical electron:

−h̄2

2m
∇2 ψ(r, θ, φ) + V (r)ψ(r, θ, φ) = E ψ(r, θ, φ)

yielding the eigenfunctions and eigenvalues:

ψα(r, θ, φ), ψβ(r, θ, φ), ψγ(r, θ, φ), ...

Eα, Eβ, Eγ, ...
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Ì Obtain the ground state of the atom:

(minimize total energy, obeying P.E.P.)

...

...

Eδ

Eγ

Eβ

Eα

˝ Compute charge distribution seen by typical electron:

Q(r) = +Ze
︸ ︷︷ ︸

nucleus

−eψ∗
αψα − eψ∗

βψβ − eψ∗
γψγ − ...

︸ ︷︷ ︸

Z−1 electrons

P. Teixeira-Dias PH2510 - Atomic and Nuclear Physics Royal Holloway Univ of London

˛ Determine the net potential that generates this charge

distribution using Gauss’s law and integrating the electric field

E(r):

Q(r) → E(r) → V
′

(r)

ˇ Is the potential self-consistent?

V
′

(r) ' V (r)?

NO YES

iterate V
′

(r) Eα, ψα, Eβ, ψβ, ...

¸→Ì→˝→˛→ˇ describe the electrons

in atom’s ground state
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