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ab initio calculations: what, why, when, how

what: simulate the properties of materials using Schrodinger and
Maxwell equations and chemical composition as the sole input
ingredients

why: they are accurate and unbiasedly predictive

when: if currently available approximations make the calculations
feasible and the results meaningful (and no meaningful results can
be obtained with cheaper methods)

how: using digital computers, clever algorithms, common sense, and
scientific rigor
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exchange-correlation energy functionals
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the Bloch theorem & plane waves
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finite systems
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PWs: pros & cons

approach to completeness easily and systematically checked
(Ik+Gl2 < Ecut)

basis set independent of nuclear positions (no Pulay forces)
matrix elements and HY products easily calculated

density, Hartree, and XC potentials easily calculated
orthonormality

basis set depends on volume shape/size (Pulay stresses)

uniform spatial resolution (no core states!)
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trashing core states: pseudopotentials

pseudo-atoms do not have core states: valence states of any given
angular symmetry are the lowest-lying states of that symmetry:

pPS .
¢fual is nodeless and smooth

the chemical properties of the pseudo-atom are the same as those of
the true atom:

DS
E al — €fual

Po(r) = @2, (r) for r>r.
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