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Summary of electron in a periodic potential: different basis systems
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Tight binding approximation
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Hopping integrals t, (AR) are Fourier transformation of dispersion but also matrix elements:
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In the limit of very strong potential, Wannier functions are similar to atomic orbitals ‘zfiﬁva> z‘y/gfj">

Ansatz: Linear combination of atomic orbitals (LCOA)

Simplest case: Hopping of one single orbital
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Tight binding approximation

H=3 >t ARy Hwder

a R,AR

V(r) Energy levels
" (Spacing)™!
_______ Bands,
each
> with
N values
of k

—t—
N-fold (b)
degenerate
levels




5" lecture week: Tight binding model 5

Real band structure: Estimates
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Immanuel Bloch, Nature Phys. V1, p 23 (2005)

Real band structure in ultracold gases
Wilhelm Zwerger, J. Opt B: Quantum Semiclass. Opt. 5, S9 (2003).
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The Mathieu equation
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Muller-Kirsten: Introduction to Quantum Mechanics, World Scientific
Martin Holthaus, J. Phys. B: At. Mol. Opt. Phys. 49, 013001 (2006)




