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Quantum Mechanics 2- Problem Set 7

Wintersemester 2016/2017

Abgabe: The problem set will be discussed in the tutorial on Monday, 05.12.2016, 13:30.

19. Continuity equation for the Dirac equation 5 Punkte

Prove the continuity equation
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and p = U1 for the Dirac equation.

20. Free particle solutions of the Dirac equation 5 Punkte

Calculate the eigenvalues of the free-particle Dirac equation
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21. Klein Tunneling in graphene 1+8+6 Punkte
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Figure 1: Left: Schematic drawing of a Dirac electron incident on a potential barrier. Right:
Definition of the angles used in the problem.

Consider a Dirac electron with energy E incident on a potential barrier of size V as shown in
the figure.



(a) Why is it sufficient to only require continuity of the wave-function and not its derivative?

(b) Assume the electron is incident at some angle ¢ in regions I and III and 6 in region II,
such that k, = kcos¢, ky, = ksin¢ in regions I and III, while § = arctan(k,/q,) with

Qe = \/(V — E)?/v? — k2 and v = k/m in region II. Explain why the wave-functions in
the different regions can be written as
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Here s = sgn(F) and s’ = sgn(E — V). What is the physical significance of r, a, b, and t?

(c) Use the continuity of the wave-function to calculate the transmission through the barrier
T(0,¢,Dq,) = [t|*>. What do you get for Dg, = nm with n integer? For general values of
Dgq,, investigate what happens when ¢, 0 — 0.



