Condensed Matter

electrons and nuclei

Hamiltonian CM is depending on charges, weights and coordinates of particles.

This is not possible to solve it exactly.

Approximate solutions:

a) adiabatic approximation
b) Hamiltonian of electrons in adiabatic approximation
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Term V is the "external" potential energy.

Density Functional Theory

Hohenberg-Kohn Theorems:

1.) The total ground state energy, E, of any many-electron system is a functional of the particle density n(r):

E[n] = F[n] + (n(r)vext(r)d3r.

where F[n] itself is a functional of the density n(r), but otherwise independent of the external potential.

2.) For any many-electron system the functional E[n] for the total energy has a minimum equal to the ground-state energy at the ground-state density.

Practical applications:

approximations for E[n].

Kohn-Sham trick:

E[n] = T0[n] + (n(r)[vext(r) + 1/2((r)]d3r

           + Exc[n].

T0 …. Kinetic energy for system without                           e-e interactions

((r)] … Coulomb potential of e-e interaction.

Exc[n] … exchange-correlation energy.

Variational procedure:




System with effective potential V(r) but without e-e interaction.



 (()

The problems are identical.

Solutions of (()  … "effective” Schr. Eq.

for the "noninteracting" particles

[-1/2( + V( r)] (I( r) = (I (I( r) (1)





 EMBED Equation.2  
 (2)

Equations ((), (1), (2) should be solved self-consistently.

Further Approximations:

Local density approximation /LDA/




(xc[n] … exchange and correlation energy (per particle) of homogeneous electron gas

(xc[n(, n(] … /LSDA/ spin polarization

n( + n( = n

m = n( - n(   … magnetic moment.
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