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Schrodinger equation

HLlJi(r) — Eil-lJi(r)
l'lJi(r) — va Cip (pp(r)
ZV(HUV_ EiSuv)Civ — O

Hw=<cpu\H\ch>
Sw=<cp“\cpv>




Kohn-Sham hamiltonian

H=T+ V+ V(1) + V()

T=-(1/2) 17
VPS = Vion(r) + an
Vion(l‘) N Local pseudopotentiual

V., =Y, IX,> &, <X,| Kleinman-Bylander
VH(I‘) = Idl" p(r’) / ‘I‘—I‘" Hartree potential
ch(r) = ch(p(l‘)) Exchange & correlation




Long-range potentials

H=T+V_ (@ +V, + V) + V)

Long range

V..(0) =V, (1) + Vi[Pm(]  Neutral-atom potential

10n

6VH(r) - VH[pSCF(r) - VH[patoms(r)]

H=T+V,+V, (@) +8V,() + V)
\/ —_— /
Two-center

Grid integrals
integrals




Sparsity

1 with 1 and 2
2 with 1,2,3, and 5
3 with 2,3,4, and 5

"‘l'z 4 with 3,4 and 5

5 with 2,3,4, and 5

b Non-overlap interactions

Basis orbitals

Suv and Huv are sparse \

pw is not strictly sparse

but only a sparse subset

is needed _ _
KB pseudopotential projector




Two-center integrals

Convolution theorem

S(R)= (91]9,) = [ 91(r) 9 (r- R)dr

1
@ (k) - (27T )2/3 _[

S(R) = [ :(K) p,(k) **dk

o (x) e "“dr




Atomic orbitals

S(R) = [ 9,(k) p, (k) "k
p(1)= 0,(1NY,, 3 0 oK)= g,k)Y,, k)
0,(K)= (i) N2/ [ rdr ji(r)o,(r)

M=y Y i'j,(kR) Y, (K) Y, (R)
=0 m=-1
[ +1




Overlap and kinetic matrix elements

ll+12 +]

;zszm

0 m=-1

Sm(R)= G K3dk j,(kR) 0, (k) 9, (k)

llmllzmzl

"1

T, (R) = Gyt 5 k*dk J1(kR) 9, (k) 0, (k)

*K?2_..= 2500 Ry

O‘ﬂé Q%B

‘Integrals by special radial-FFT

S, (R) and T, (R) calculated and tabulated once
and for all




Real spherical harmonics

Y, @,9)=C,DB" OxDSin(m¢) e
m(0,9)=C,,B"(cost ) Hcos(mgb) if m> 0

=1, m=-1,0,+1 [ py’pZ’px




Grid work

W, (r) = z Cipq)p(r)




Poisson equation

V(1) = - 411p(r)

p(r) = > 6P6 e [ Viy(r) = 26 Ve o
Vi,=-4mnp,/ G?

FFT FFT

p(r) - Pg = Vg = V(D)




GGA

v, (r)=

0 Egealp (r |D |
5p()

VGGA( |D

0p = Pisi™ Pig i

0X  X,,- X,




Fgo-box effect

@« Grid points
«— Orbital/atom

At VAN
./ U

* Affects more to forces than to energy

*Grid-cell sampling




Grid fineness: energy cutoff

Ax O k.=m/Ax O E,=h2kz2/2m,

cut




Grid fineness convergence
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Grid and wave—functions cut-of f (Fy)

Eo = (1 /0x)




Points and subpoints

Sparse storage: (i,@)

Points (index and value stored)

Subpoints (value only)
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Extended mesh

1 16 |17 |18
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‘el
/N
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&
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+1,+5,+6
1 - 7 = 3,12,13 - 2,4,5

+1,+5,+6

6 - 14 - 15/19,20 - 4,31




Forces and stress tensor

Analytical: e.g.

0 {0, [V]o, )
0r,

0o (r-
:I(pﬂ(r-rp)V(r) (p”g 1‘”)d?’r
L
== [0, (- 1) V() D, (r- ) d'n
0T, _ 0T,
0¢ 0x

Xy pv

Yy with r, =T -7

Calculated only in the last SCF iteration
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