1 Orthogonalized plane-wave method

Core states — localized orbitals
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By introducing the projector,

P= Zm Pa (k)|

l9j (k)) = (1 —P)|k+Gy)
where

1 )
rk 4+ G,) = ——eik+Gir
(r| i) G

W’n Z |¢] C]n

D (s () H | (K)) = S55610) ¢jn (k) = 0

J

Ansatz for eigenfunctions:



Secular equation:
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2 Pseudopotentials
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Similar to the OPW method, let us introduce the Bloch functions of the core-states, ¢, (k,r), and

additional Bloch functions (not plane-waves), ¢7j (k,r), such that the basis functions,
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are required to be orthogonal to ¢, (k,r). This implies,
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The eigenfunctions of the Hamiltonian are expanded with respect to ¢; (k,r),
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We obtain the following equation,
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By introducing the pseudo-wavefunction,
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Let us look at the local part of W,
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This is always (strongly) positive, since ey, > exo. Adding this to the Coulomb potential of the positively
charged ion causes screening which can be approximated, e.g., by
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with suitably chosen parameters, A, > and rg.

3 Augmented plane-waves (APW)

Muffin-tin potential
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The wafunction inside the muffin-tin (r < rysr),
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Continuity at r = rj;p implies,
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with j, and Y™ being the spherical Bessel functions and complex spherical harmonics, (Vx, @) and (9, ¢)
are the azimuthal and polar angles of the vectors k and r, respectively. From the above equation,
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Note, however, that the derivative of these augmented plane-waves is not continuous at r = rysp.
Ansatz for the eigenfunction:
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The integral should be taken over a Wigner-Seitz cell:
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while the normal vektor of the surface of the Wigner-Seitz cell at r + R, is just the opposite the one at
r. Therefore, we conclude that
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The ansatz for ¥ (k,r) can now be substituted into the above equation, from wich a quadratic expression
of ¢; (k) can be obtained. Variation upon cj (k) results then in a matrix equation,
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with the Legendre functions Py, the azimuthal angle 1J;; of the vector G; — G; and
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The eigenenergies are obtained by solving the secular equation,
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Note that this is not an ordinary matrix eigenvalue problem, since M;?P W (g,k) depends on e. Thus, an
exact solution can be achieved by itaration. Nevertheless, Ly (¢) can well be approximated by Ly (e¢) +
Ay (e — e4), where g4 is a conveniently chosen energy (resonance) in the valence band. Thus we obtain a
linear method, called Linearized APW (LAPW) method.



