ECE 4070: Homework 5 Solutions

Problem 5.1
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a) Lesson: The lesson is that if one chooses a value of the wavevector outside the FBZ for numerical
solution then one does not obtain any new energy eigenvalues or wavefunctions that are not already in the
FBZ. The reason for that, as discussed in the class, is that a solution found for a wavevector in the FBZ
already contains superposition of plane waves, different from the starting wavevector value, by reciprocal
lattice vectors. If one obtains a solution for a wavevector value, say K, outside the FBZ then it is identical
to the solution obtained for a wavevector value, say k’, that lies in the FBZ and is related to k via a
relation of the form: k’=k+G, where G is that (unique) reciprocal lattice vector for which k’is in the FBZ.
This was also the motivation for zone-folding in which free-electron bands outside the FBZ were
translated by appropriate reciprocal lattice vectors and placed in the FBZ.

Also notice that if one were to solve for and plot energy bands outside the FBZ, as we did in this problem,
then the bands will be periodic in k-space with the periodicity of the reciprocal lattice, in the sense

that: E (E + é) =E (E ) where G is any reciprocal lattice vector. This property, of course, holds in all
dimensions, and even for the tight binding solutions (check!).
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Problem 5.2

a) Hi4=Eg,Hy; =Ep ,H33 =Ep ,Hyy =E5,Hs5 =Ep, Hgg =Ep

ik.i ik.i ik.n ikiq 1 ik, 1 _ik.i
H14=Vssa(—e 1-e""2 —¢e 3) H15=Vspa(e 1T-—e""™2 -—e 3)

2
b) ) )
Hqg = vspo_[geik.nz _gelk.n;;J
0) Hay = vspa(_eik.fu +%eik.ﬁ2 +%eik.ﬁ3J Haq = vspa(_geik iy | N3 ik
Hays = vppa(eik.m +% oik.7iz +% eikﬁ3) N vpp;r(_ % oik-iz _% eik.ﬁ3)
d)

ikiy 1 ik, 1 _ik.n 3 ik, 3 ik
H36=Vpp,,(—e 1—ze Z—Ze 3J+Vppa(ze 2+Ze 3

e) There will be 6 bands; 3 will be completely filled and 3 completely empty at zero temperature.
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Problem 5.3
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