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what: simulate the properties of materials using Schrodinger and
Maxwell equations and chemical composition as the sole input
ingredients

why: they are accurate and unbiasedly predictive

when: if currently available approximations make the calculations
feasible and the results meaningful (and no meaningful results can
be obtained with cheaper methods)

how: using digital computers, clever algorithms, common sense, and
scientific rigor
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consequences: e V(r) = p(r) (1st HK theorem)

o Fp|=F— /V(r)p(r)dr is the Legendre transform of F
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exchange-correlation energy functionals

> LDA (Kohn & Sham, 600s) » meta-GGA(Perdew, early 2KOs)
I
. " # I

Ecl']= "x 1(r) H(r)dr Emcea= 1 (r)#
_ 11 #
» GGA (Becke, Perdewet al., 800s) "mcea (), ! V(r)|,&(r) dr
! s0= 1" |1 40P
" ~ A - q
Exe=  1(N"cea(t(r),|! 1(r)])dr 2

/

» DFT+U (Anisimovet al., 900s) | §
» VdW (Langreth & Lundgvist, 2KOs

Eprriul'l= Eprr + Un(n™ 1) |
Evaw = () (r)#

/ /
» hybrids(Beckeet al., 900s) Syvaw[! 1(r, v drdr

Enyor = #Efp + (1 " #)Egga+ E°



KS equations from functional minimization

Bk R = 53 [vim T oy ar+ [V Rypwyir+

2 /
€ / pE)p() 4o B,
2 r — /|




KS equations from functional minimization

Bk R = 53 [vim T oy ar+ [V Rypwyir+

2 /
€ / pE)p() 4o B,
2 r — /|

ER) = rg;gl( {y}, R])

[ i)y =



KS equations from functional minimization

Bk R = 53 [vim T oy ar+ [V Rypwyir+

2 /
€ / pE)p() 4o B,
2 r — /|

E(R) = min(E[{¢},R])
{1} I Eks .
Fmoias, PR

— ' uv



KS equations from functional minimization

Bk R = 53 [vim T oy ar+ [V Rypwyir+

2 /
€ / pE)p() 4o ..y
2 r — /|

E(R) =min(E[{¢},R])
{v} l Eks )
fmoina, = PR

— ' uv

2
<_I_V2+VKS[| ](I’)) U(I')_ v v(r)

2m



solving the Kohn-Sham equations

0u(x) = 3 el v)i ()

Uy (r) 2 (v, j)



solving the Kohn-Sham equations



solving the Kohn-Sham equations



solving the Kohn-Sham equations



ol Folhs/
kel P

these slides shortly at
http://talks.baroni.me


http://talks.baroni.me

