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the saga of time and length scales
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Size vs. accuracy

classical empirical methods
& pair potentials
& force fields
1T~ = shell mod
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ab initio simulations
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The Born-Oppenheimer approximation (M>m)
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density-functional theory
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density-functional theory
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functionals

examples: [G[f] {f}— IR{]
Glf] = f(=zo)

b
Glf] = / f2(:C)d:r;

approximations: / I
G[f] ~ g(fl,fgj-.. 7fN) —. = -
Glf] ~ g(ci,c,-,cn) \
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functional derivatives
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the Hellmann-Feynman theorem

H\U\ = E\U,
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the Hellmann-Feynman theorem
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the Hellmann-Feynman theorem
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conjugate variables & Legendre transforms

OF
Ol
V %4
Legendre transform: H(P,x) = E + PV
properties: e Fconvex=VZ2P
e H(Px)= m‘z/)JX(E(V, x) + PV)
OH OF
e Hellmann-Feynman: — = —
Ox Ox

e [ concave

e E(V,z)= m;n(H(P, z) — PV)
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Hohenberg-Kohn DFT

properties:

consequences:
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h? 92 \ /1 2
2m Z Or? b 5; |I‘7;€—1“j| +ZV(I'Z')
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m\Ii’n<\I!|IA( + W+ V|

min [<qf|f< + W) + / p(r)V(r)dr]

E[V] is convex (requires some work to demonstrate)

E
p(r) = 5‘5/ o (from Hellmann-Feynman)

V(r) = p(r) (1st HK theorem)

=
)
[

E — /V(r)p(r)dr is the Legendre transform of

E[V] = min [F[p] + /V(r)p(r)dr] (2nd HK theorem)



Hohenberg-Kohn DFT

Flol+ [V




exchange-correlation energy functionals

> local-density approximation (LDA, > meta-GGA (Perdew and others
Kohn and Sham, 1965) 2003)
Exclp] = / exc (p(r)) p(r)dr Emcon = / p(r)x

m ) Vv s s d
» generalized-gradient approximation ¢ GGA(f(r) [Vp(r)], 7s(r)) dr
(GGA, Becke, Perdew, and Wang, o(r) = = Z W 24h:(r) 2

1986) 2=

I

Exe = / pr)ecea (p(r) [Vo(r)l) dr o\ brid functionals (B3Lyp, PBEO,
Becke 1993)
» DFT+U (Anisimov and others,
early 90's) Enybr = 0B + (1 — a)Egga + E€

Eprr+ulp]l = Eprr + Un(n — 1)
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KS equations from functional minimization

Bk Rl =~ 3 [ oy ar+ [ v Ryp)ar+
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solving the Kohn-Sham equations

Z his|cl(i,7)c(d,v) = €,c(i, v)
0E ks !

/
supe) o) \

é(i, U) = — Z hKS[C](inj>C(j7 U)_I_
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these slides at
http://talks.baroni.me
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