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6.730 Physics for Solid State Applications

Lecture 17: Nearly Free Electron Bands

•Free Electron in Reduced Zone Representation

• Nearly Free Electron Bands

• Labeling Eigenvectors

Outline
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For weak lattice potentials, E vs k is still approximately correct…

Dispersion relation must be periodic…. 
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Dispersion relation must be periodic…. 

Expect all solutions to be represented within the Brillouin Zone (reduced zone)
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Extension to 3-D requires, translation by reciprocal lattice vectors

in all directions…

Ge
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in all directions…
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LCAO and Nearly Free Electron LCAO and Nearly Free Electron BandstructureBandstructure
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Finite Basis Set Expansion with Plane Waves Finite Basis Set Expansion with Plane Waves 

Fourier series expansion of Bloch function

Basis functions in expansion are…

Finite Basis Set Expansion with Plane Waves Finite Basis Set Expansion with Plane Waves 
Hamiltonian MatrixHamiltonian Matrix

Basis functions are exactly orthogonal…overlaps are all zero.
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Fourier Series coefficients for the lattice potential…
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Eigenvectors for Nearly Free Electron BandsEigenvectors for Nearly Free Electron Bands

Fourier transform

Sample eigenvector…

Eigenvectors for Nearly Free Electron BandsEigenvectors for Nearly Free Electron Bands
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