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We begin with the second-quantized form of the one- and two-electron operators (see Szabo
and Ostlund [1], p. 95),
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where the sums run over all spin orbitals {x;}. Thus the Hamiltonian is

H= Za aqplhlq] + = Z alalasay[pg|rs] (3)
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Now integrate over spin, assuming that spatial orbitals are constrained to be identical for «
and [ spins. A sum over all 2K spin orbitals can be split up into two sums, one over K orbitals
with a spin, and one over K orbitals with 3 spin. Symbolically, this is

2K

2= Z+Z (4)

The one-electron part of the Hamiltonian becomes

K

Hone = _[plhldlafaga + [plhldlal,ags + [lh|glal saga + [plh]gla) saes (5)
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After integrating over spin, this becomes

K
Hone = Z(p‘hM){a;aa’qa + CL;;ﬂCng} <6)
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The two-electron term can be expanded similarly to give

K
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Now we make use of the anticommutation relation
{aj, CLZ‘} = a;a, + a;a; = 0 (8)

and we swap the order of a5, and a4, introducing a minus sign. This yields

. 1 &
o = = D (0413} {aholatantton + 0l pgatss + ahyaly 0yt + afyalyogaos} (9
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Now we use the anticommutation relation between a creation and an annihilation operator, which
is
{a;,a ]} = ala + a ‘a; = 0 (10)

This relation allows us to swap the a, and af in each term, to give

Htwo = 3 Z pq’TS { aqaa Qgey — 5qa raaT Gsa + apaaqaaTﬁasB 5qa,rﬂa2aasﬁ
pq'rs
+ alsagpal ae — 0 f +al f -0, f (11)
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Now we observe that d4qro and s, can both be written dy,., and also that 640, and dgs,q are
both 0. This simplifies our equation to

Hyo = 5 Z (pg|rs) [ U galalsa + Ahaleall50ss + A 50450} 0sa + 0} gag5a] 5055
pqrs
— 6y (e — 5qra;gas@] (12)
Now we introduce the unitary group generators, which we write as [2]
By =al,ajq + &Iﬁam (13)
and the Hamiltonian becomes
K
H =" (p|hlg)Epy + 5 Z (pa|rs) (EngErs — 0gr Eps) (14)
Pq pqrs

This is the Hamiltonian in terms of the unitary group generators [3].
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