


Why should we understand the electronic structure?

DFT simulation software (e.g. plane waves and pseudopotentials).
Compute atomic positions and movemements (Car-Parrinello Mol Dyn).
Advantage over classical (e.g. Lennard Jones) potentials: QM treatment

of the Electrons, albeit in an electronic-density-functional approximation.

But all-too-often the electrons are left in the computer.

Forming and breaking of chemical bonds.

Fish the electrons out: Localized Wannier functions, AO- or LCAO-like.
Electrons are responsible not only for the cohesive, mechanical, dynami-
cal, and chemical, but also for the magnetic, electrical, and optical prop-
erties; and DFT electrons often give a surprisingly accurate description.
Designing new or modified Materials requires Understanding.



For many properties (e.g. electrical) and/or materials, DFT is merely the
beginning. Progress requires the construction of specific model Hamil-
tonians whose 1st term may be the TB Hamiltonian describing the low-
energy electronic structure, extracted with DFT Wannier functions.

From doped semiconductors to doped Mott Insulators. Add Coulomb re-

pulsion between localized orbitals on the same site: Hubbard Hamiltonians.

Science i1s about understanding nature



Muffin Tin Orbitals

1 Introduction
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designed for electronic structure calculations in con-
densed matter. They provide efficient solution of the
one-electron Schrodinger equation and are used to
perform charge- and spin selfconsistent density func-
tional (DF) calculations, e.g. of structures and of
phonon and spin-wave spectra by means of the DF
linear-response method. They are also used for elec-
tronic structure calculations employing the self inter-
action correction (SIC), the local density plus Hubbard-
U approximation (LDA+U), dynamical mean field the-
ory (DMFT), or the GW method. LMTOs have been

used even in Hartree-Fock calculations.

The reason why specialized numerical methods are
required to solve Schrodinger's equation for a system
of atoms, is that the one-electron potential consisting
of the Hartree plus exchange-correlation potentials is
deep, albeit almost spherically symmetric inside the
atoms, and that the region between the atoms, where

the potential is shallow, is topologically complicated.

































