ECE4070 Homework 3 solutions (By Farhan Rana)
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c¢) The frequency of the periodic motion is as found in homework 1 and equals,
o — eB,
©  m
So the time period is,
T = 2z
W¢

d) Start from,
dh—k(t) =-e V(E)x B
dt
Take the dot product on both sides with k and note that the RHS becomes zero,
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e) In the presence of the magnetic field the entire distribution of filled electron states in k-space
rotates as indicated in the answer to part (a). However, the distribution remains completely
spherically symmetric and therefore the net current given by the expression below would equal
zero just as was the case in the absence of the magnetic field,
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3.2: (a) and (b)
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3.2: (a) and (b)
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3.3: (a)


3.3

) See adtathest
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3.4:

a) See plot below.
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a) Vi=0.2 eV and V, = 0.0 eV

b) The size of the bandgap that opens at ka=%r is approximately 0.4 eV which equals 2V, as predicted by
the nearly free electron model.

c¢) See the matrix given below for this part.

elk+G_2) Vi Vo c(G_»)
Vi e(k +G_q) Vi V2 c(G_q)
Vs Vi e(k) Vi 2 c(0)
Vs Vi elk +Gy) V4 c(G_1)
Vo Vi elk +G,) c(G_2)
c(G_2)
c(G_1)
=E(k)| c(0
c(G_4)
c(G_2)

d) See the plot attached below.

e) See the plot attached below. The result is as expected because the plane wave solution at the Bragg point
gets strongly coupled with (or mixed with) its Bragg scattering counterpart(s).
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e) See the plot attached below. The result is as expected because the plane wave solution at the Bragg point  gets strongly coupled with (or mixed with) its Bragg scattering counterpart(s).  
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f) and g) and h) See answer to part (c) for part (f) answer.
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d) Vi=0.2eVand V,=0.4 eV

The bandgaps now open at ka=0 between the second and the third energy band — of magnitude ~0.8 eV
— and at ka=tm between the first and the second energy band — of magnitude ~0.4 eV. The values of the
bandgaps are in decent agreement with the nearly free electron model.

1) See attached plot
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f) and g) and h) See answer to part (c) for part (f) answer. 

Farhan
Typewritten Text
i) See attached plot
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