
Physics/6211 Electrodynamics II Dr. Ulrich Jentschura Fall Semester 2022

Missouri S & T (Rolla, Missouri) Exercise Sheet 3X 08–SEP–2022

Task 1 [(a)+(b)+(c): 40 points] [(d)+(e)+(f): 60 extra points]
You are given the space- and time-dependent vector potentials,

Φ(~r, t) = 0 , ~A(~r, t) = ê~k λ
Ez
ω

cos(~k · ~r − ω t) . (1)

Here, ê~k λ with λ = 1, 2 are two constant so-called polarization vector, which fulfill the equations

~k · ê~k λ = 0 , (ê~k λ)2 = 1 . ê~k (λ=1) · ê~k (λ=2) = 0 . (2)

• (a) Verify that both the Lorenz as well as the Coulomb gauge conditions are fulfilled.

• (b) Show that the electric field derived from the above vector and scalar potentials lies in the
direction of the polarization vector.

• (c) Show, using a physical argument, that the wave propagates at velocity c = ω/|~k|.

• (d) Give an argument why there are two possible polarizations λ = 1, 2 for given wave vector ~k.

• (e) Show that the fields derived from the above vector and scalar potential describe a plane,
monochromatic electromagnetic wave. Make a drawing or two, illustrating your considerations.
In particular, show that all four Maxwell equations are fulfilled.

• (f) Express the Cartesian components of ~k in terms of spherical coordinates, i.e., the modulus

k = |~k|, the polar angle θ, and the azimuth angle ϕ. Then, express the two possible polarization
vectors ê~k λ in terms of the polar angle θ, and the azimuth angle ϕ. (Consult the literature if
necessary.)

The most important homework, never announced but always due, is to read and understand the lecture
notes, and the material covered in the lecture, so that questions on them can be answered at the beginning
of each session.

The tasks are due Thursday, 15–SEP–2022.


