
 

Magnitude of the Energy gap
The WE at the borders of the Brillouin Zone
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Let us suppose that he potential energy
of the electrons in the crystal at point
in Space
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The gap is equal to the Fourier component

of the potential os the crystal
Bloch function
Felix Bloch swiss physicist proved an important
theorem which status that Solutions to
Schró danger equation for a periodic potential
must be

UriCi UE r jeik.si
where VECES has the periodicity of the
Crystal UE Litt UE lit for Fairy
translation vector of the lattice

The eagerfunctions Of the wave equation
for a periodic potential are the product
of a plane wave ei E t and a function
MELFI with the periodicity of the crystal
lattice

Proof of Block theorem
Lets consider 9 crystal with N lattice points
on a ring of lenght Na

The potential is periodic with period er so
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By the symmetry of the problem we know

at hat the solution must have some periodicity
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Going around a pull circle
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we can obtain the solution to the WI in

terms of elementary functions for apotential
arrayed as
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In the region OL X ca UCM
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which has solution
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describing plane waves travellingto the right
and to tie left
ba LO the potential Valk Vo
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Depending on whether Vo E 40 ZO the
solution describes exponential decay travelling
waves

we can use Bloch theorem to relate the
WI in the region al X Cutie with the WE
in to 2 20
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Of the solution
The constants A B C und D are chosen Sothern
441 and dillon are continuous functions
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we condense these Eq as a matricial Eg ME Ó
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we have nontrivial solutions given del CMI O
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This result can be simplified q me represent
the potential as a periodic delta function
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me take the limit b O and v 00

In such a way that P 42 is finite
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Also note that Q2 q the exponential decay
us very large due to the G potential
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The allowed values of the energy are those
ranges of q a EEE aa for which the
function lies bet enen s and 1 For other
values of the energy there are montraelling



Wave or Bloch type solution to the WI

there are forbidden gaps int he energy spectrum
Nate 1ha the gaps are given by the vahes

of the index k rather than by q Luhan
associated to the energy


