
The matrix elements of the hamiltonian are

< k + G | H − ε | k + G′ > =

(
− h̄2

2m
(k + G)2 − ε

)
δGG′ +

∑
µ

Sµ(G−G′)

(
Vµ(G−G′) +

∑
i

Vµ,i(k + G,k + G′)

)
+ VHartree(G−G′) + Vxc(G−G′). (16)

Divergent Terms in the potential
The Hartree term, VHartree(G), and local potential term,

∑
µ Sµ(G)Vµ(G), are separately divergent at G = 0 and must be treated in a special way. Let us consider

their sum Ṽ (r) = Vloc(r) + VHartree(r). Its G = 0 term is not divergent:

Ṽ (G = 0) =
1

Ω

∫
dr

(∑
µ

Vµ(r− dµ) +
1

N
e2
∫

n(r′)

|r− r′|
dr′

)
=

1

Ω

∑
µ

∫
dr

(
Vµ(r) +

Zµe
2

r

)
=

1

Ω

∑
µ

αµ (17)

where we used

Vµ(r) ∼ −Zµe
2

r
for large r,

1

N

∫
n(r) =

∑
µ

Zµ. (18)

The αµ are parameters depending only on the pseudopotential.
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