[lex176] Exchange integral

The two-electron wave functions written in the form,

Ug(ry,ro) = % [%(1‘1)(251;(1‘2) + %(I‘z)(i)b(l‘l)}XS»
1
V2

have symmetric/antisymmetric spatial parts and antisymmetric/symmetric spin parts, respectively,
as described in [lIn23]. xs and xT are spin singlet/triplet states. Both wave functions are antisym-
metric overall as is required for fermions. The interaction Hamiltonian H contains kinetic energy
and Coulomb repulsion but no significant interaction between electron spins. The energies of the
singlet and triplet states in first-order perturbation theory become,

Urp(ry,re) =

[0a(r1)60(x2) = da(x2)n(r1) |,

ES = /dI‘ldI‘Q\Ilg(I‘l,1‘2)7‘[\113(1‘1,1‘2), ET = /drler\Ilfi«(rl,rg)H\I/T(rl,rg).

Show that the level spacing between singlet and triplet states is determined by the exchange integral
defined as follows:

2J = ES — ET =2 /drldrquZ(rl)q&;(rg)Han(rg)gbb(rl).

Solution:



