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numerical solution methods

=> Any numerical method that can solve HF or KS equations

=> Several roads to solution, e.g. solving on a real space grid

> Most regular applications for solids use basis set methods,
in combination with reciprocal space.
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numerical solution methods

Introducing a basis set transforms our problem into matrix algebra :

square matrix with

matrix elements for overlap matrix: all the coefficients
all basis functions: dﬁtbpmdeC(S of we are searching
; all basis functions
(G Hies [x5) O | 1)
can be calculated Xy | Xs
once and for all can be calculated diagonal matrix

with all eigenvalues
we are searching

once and for all

2 1 .
. — sin(Kmx
- sin(knx)




numerical solution methods
An important issue is the self-consistent field problem.

We need to solve the KS-hamiltonian in order to find the ¢; (and hence p):

I:IKS = To +</H +\7m +\7xc

2 2 i)
= —h—?f+ ¢ J‘E)(rg)df'+\7m+\7xc
2m 4me, ? [F-T|

But we need to know p in order to be able to even write down Hy...!?

=> an iterative procedure is required (the scf-scheme).

numerical solution methods
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numerical solution methods

The choice of the type of basis functions gives its name to
the method (and determines which computer code you can use) :

e |ocalized basis functions: GTO, STO
¢ plane-wave basis functions (in combination with pseudopotentials)

¢ augmented plane wave basis functions (LAPW, LMTO, ...)
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many more at
http://en.wikipedia.org/wiki/List_of_quantum_chemistry_and_solid-state_physics_software




