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Bloch waves
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Bloch waves are eigenfunctions of the Hamiltonian

http://lampx.tugraz.at/~hadley/ss2/transport/crystalmomentum.php



Bloch waves in 1-D

It 15 nstructive to consider a one-dimensional crystal at this poimnt since the dispersion relation E [ic.} can be readily calculated numencally 1 one-dimension.
Consider an electron moving 1n a periodic potential V(z). The period of the potential is a. V(z + a) = V|(z). The Schrédinger equation for this case s,
R dy

—EE + V(z)d = Ev.

Quantum mechanically, the electron moves as a wave through the potential. Due to the diffraction of these waves, there are bands of energies where the
electron is allowed to propagate through the potential and bands of energies where no propagating solutions are possible. The Bloch theorem states that the
propagating states have the form,

¥ = e up(z).
where k is the wavenumber and ug(z) is a periodic function with periodicity a.
There 15 a left moving Bloch wave ¢ = e kzyr anda right moving Bloch wave ¥, = e’ ug, for every energy. The following form calculates the
Bloch waves for a potential V(z) that is specified in the interval between 0 and a. A discussion of the calculation can be found below the form.
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Crystal momentum nk

Ehrenfest theorem:

translation operator

<T> 1s a constant of motion ih

for a perfect crystal

Consider an external force

ih
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(T) = ([T, Hy — Fex: - 7])

Since [T, Hy| = [Hp, T| = 0, this is,

iﬁ% (T) = (—TFext - 7 + Fex; - 7'T)

T

http://lampx.tugraz.at/~hadley/ss2/transport/crystalmomentum.php



Crystal momentum

ih% (T) = (—TFext - 7 + Fext - 7T).

—

Allow T to act on the F\oy; - 7 term,

4
dt
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ih—(T) = (—Fext - (F+ )T + Fext - 7T) = (—Fex; - aT).

F .. - a1s a constant,

. d — —
ih—(T) = —Fex; - 4(T)
For a Bloch wave (T') = E*EE,
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Group velocity
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V, 1s the velocity

of a wave packet
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https://en.wikipedia.org/wiki/Phase_velocity



Group velocity
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V, 1s the velocity of a wave packet

Particles 1n a semiconductor can be thought of as free
particles with an effective mass.



Wave/particle nature of electrons

Usually when we think about a current flowing, we imagine
the electrons as particles moving along. Really we should be
thinking about how the occupation of the wave like
eigenstates are changing.

When wave packets are built from the eigenstates, they move
like particles with an effective mass.
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If no forces are applied, the electrons diffuse.

The average velocity moves against an electric field.

In just a magnetic field, the average velocity 1s zero.

In an electric and magnetic field, the electrons move in a straight line at the
Hall angle.
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