
15.4 Appendix: APW matrix elements

According to Eq. (15.8), the (s, t)th element of the APW secular matrix reads
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where ’i’ and ’a’ mean integrations inside and outside the muffin-tin sphere
with radius rMT , respectively. φs(r;E) is the APW basis function which
belongs to the Bloch vector ks = k + Ks:
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As a first step, one calculates the matrix element
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with kt,s = kt − ks and Ω0 as the volume of the unit cell. By using
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one obtains the following result of the integral to be investigated:
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Next, one has to determine the corresponding element of the structure matrix
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To begin with, the plane wave in the interstitial region (a) is expanded into
spherical Bessel functions and spherical harmonics:
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Using the orthogonality relation for the spherical harmonics Yl,m, one obtains
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where the Pl represent Legendre polynomials, and ϑs;t means the angle bet-
ween the vectors ks and kt.

As a result, the above calculations yield the APW matrix elements by
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The following term of the above expression, namely
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shall now be transformed in a more comfortable equation. Starting with the
relations
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Using this identity, the final result for the matrix element 〈s |M | t〉 is
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which is exactly the same equation like Eq. (15.9).


