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Calculation of Energy Bands

Tight Binding Method for Energy Bands

Consider two hydrogen atoms, each with an electron in
the 1s ground state.
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(The figure is used from Introduction to Solid State Physics, C. Kittel)




Encrgy, in Rydbergs

Calculation of Energy Bands
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(The figure is used from Introduction to Solid State Physics, C. Kittel)



Wigner-Seitz Method

Wigner and Seitz showed that for the alkali metals there is no inconsis-
tency between the electron wavefunctions of free atoms and the nearly free
electron model of the band structure of a crystal. Over most of a band the
energy may depend on the wavevector nearly as for a free electron. However
the Bloch wavefunction, unlike a plane wave, will pile up charge on the posi-
tive ion cores as in the atomic wavefunction.

A Bloch function satisfies the wave equation
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(The figure is used from Introduction to Solid State Physics, C. Kittel)




Wigner-Seitz Method
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Radial wavefunctions for the 3s orbital of free sodium atom and for
the 3s conduction band in sodium metal.

(The figure is used from Introduction to Solid State Physics, C. Kittel)




Cohesive energy

The stability of the simple metals with respect to free atoms is caused by the
lowering of the energy of the Bloch orbital with k = 0 in the crystal compared
to the ground valence orbital of the free atom.
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(The figure is used from Introduction to Solid State Physics, C. Kittel)



Cohesive energy
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Cohesive energy of sodium metal is the difference between the average energy
of an electron in the metal (-6.3 eV) and the ground state energy (-5.15 eV)

(The figure is used from Introduction to Solid State Physics, C. Kittel)



