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As a many-electron problem

With Born-Oppenheimer approximation, the wave function for the N electrons in a solid
satisfies the following Schrédinger equation (in the atomic units: 72 =1, m, = 1/2, % = 2):
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The electron density with spin s is given by

p.(r)=N Z j [ (r,s;r,,S,5.i Ty, Sy )| d’r,d’r,...d°r,

Z ot () [P (1,1, Sy i My Sy ) = E\P(rl,sl;rz,sz;...;rN,sN)

where V_ (r, ) = Z|r R

p(r) = p,(r)+p,(r)

SN

and the electronic total energy is
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As a one-electron problem in DFT

At the ground state, the electronic total energy E is a functional of the electron density p

E=T,[p]+U[p]+Ex[P] p(r)=p,(r)+ p,(r)

The electron density p can be calculated by p,(r) =) f. (e, — & v, (Nw, (1)

where the Kohn-Sham orbital y, (r) Is the self-consistent solution of the following
one-electron Schrodinger equation, known as the Kohn-Sham equation,
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and « Is the orbital index. For periodic system, a ={n,k}, with n the band index, and k the

Bloch wave k-vector. The Hartree potential is :

VH (r)= Lo 2p(r) d’r’ fT (ga’s - EF) - (60,5s—5F ) /KeT
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The many-body problem becomes a one-electron problem with effective potential given by
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Decomposition of the electronic total energy

E=T, [p]+U [:0]+ Eyc [,0]

The Kkinetic energy term The Coulomb energy term
Tolp]= 3 2 t(ens =) vos OV Jwesd'n 0lo]=] a*r[ p|<:>_prg|r') 1op
= 2 2 frens =) wia (O] e, Vi () v (0 +] PNV (Nd°r
= ;Z( [ efi(e=2)0(e—e,)ds) [ |, (0] d°r- I REIOOWACH — g0 )|w, (] d°r
= S [[ et e—e)p (e~ [ Vi (o, (dr | pu() =3 ey =)y ()]
s=T4="7 % a

where the spin-resolved density of states p.(¢) Is given by Exchange-correlation energy

ps(€) = ;5 (6-¢,5) L|t//a,s (l’)|2 d°r Evc[0]= L exc[P(N] p(r)dr




Electrostatic Potential and Band Energy

For the effective potential: V3 (r) =V, (r)+V,. (r) + V[ o(r)]

the sum of the first two terms is the electrostatic potential Vit (1) =Veou () +Vy [ p(r)]
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whose calculation will be discussed in a separate lecture.

At T =0, the first electronic total energy term becomes
j ef.(e—e)ple)de = j_gF ep(e)de = ch + ng gp,(e)de

g. IS the energy eigenvalue of a core state, whose density of states Is just dé(e—¢.).

g, 1S the bottom of valence band energy.

j N gp, (€)de 1s recognized as band energy

p,(€) Is the density of the valence states.



Total Electrostatic Energy of the Solid

The electrostatic energy of the electron system is: (r) = Z| N
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Total Energy of the Solid

Recognizing the results: . S
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Electron density and Green function

Consider the electron density which iIs given by
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Therefore, in terms of the Green function, the electron G,(r,r&)=lim> Vs (NV,5 (1)
density Is given by 10 g—g  +in
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Electronic density of state and Green function

The density of states Is given by
p0) =500, )] (O ' =] | Bote-z,)

wais(r)r}dSr
Applying the relation shown from the previous slide
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The density of states in space domain €2, is given by
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Contour Integration

The electron density calculation can be carried out along a contour in the complex plane
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P, () 1s the electron density
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So is the band energy calculation,
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