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Problem 11.1: Coaxial cable [Oral | 2 pt(s) ]

ID: ex_coaxial_cable:

Learning objective

In this exercise we will have a a look at the coaxial cable as an example of a more complicated waveguide.

We will see that in the medium between the wire and shielding, TEM modes can propagate.

A coaxial cable consists of an outer conducting shell with radius b and an inner conductor with

radius a aligned coaxially. The space between these two components is filled with a dielectric of

permeability ε and permittivity µ. We can determine the field configuration in the dielectric as we

would in a waveguide.

b

a

As in exercise Problem 10.2, we consider propagating waves

E(x, y, z, t) = E0(x, y)e
i(kz−ωt), (1)

H(x, y, z, t) = H0(x, y)e
i(kz−ωt). (2)

Show that this waveguide - in contrast to the waveguide in exercise Problem 10.2 - can support a

TEM mode and determine Et andBt explicitly.

Problem 11.2: Lifetime of “classical” atoms [Oral | 3 pt(s) ]

ID: ex_lifetime_of_classical_atoms:

Learning objective

In this problem we will calculate the lifetime of a classical atom in presence of an oscillating dipole. We

will learn about the stability of the atom caused by the dipole radiation in a classical and a quantum

picture.

Problem Set Version: 1.0 | edyn26 Page 1 of 3



THEO II I : ELEKTRODYNAMIK Problem Set 11

Pretend you forgot everything you have learned in your quantum mechanics course last semester

and think of the hydrogen atom as a positive central charge +e with massmp (the proton) orbited

classically by a charge with opposite sign −e and mass me (the electron). Due to mp � me

you may consider the proton stationary, rp(t) ≡ 0, and the electron’s position parameterized by

re(t) = a0 cos(ωet)ex + a0 sin(ωet)ey, where a0 is the radius of the orbit.

a) Use your knowledge from classical mechanics to determine the frequency ωe of the electron 1pt(s)

motion.

b) Calculate the vector potential A(r, t) of this rotating dipole. What is the radiated power of the 1pt(s)

atom?

c) Estimate the lifetime of the atom. To this end assume that the radius of the orbit a0 is given by 1pt(s)

the Bohr radius aB . Does the result match your expectations?

Problem 11.3: Rotating Quadrupole [Written | 3 pt(s) ]

ID: ex_rotating_quadropole:

Learning objective

In this exercise we will learn about the time dependent quadrupole tensor and electromagnetic waves

radiated by a rotating quadrupole. Then we will derive the angular power distribution of a rotating

quadrupole and compare it with the angular power distribution of an oscillating dipole.

Consider the quadrupole setup depicted below, with two pairs of opposing charges ±q fixed at the

corners of a square of size a. The square lies in the xy-plane and rotates with frequency ω = ωez

around its center.

We will focus on the electromagnetic waves radiated by this setup.

a) Write down the time-dependent charge distribution ρ(x, t) and calculate the quadrupole tensor 1pt(s)

Qij(t) =

∫
R3

d3x ρ(x, t)
(
3xixj − |x|2δij

)
. (3)
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For this, consider the initial condition where the +q charges are located on the x-axis at time

t = 0.

Result:

Q3i = Qi3 = 0, i = 1, 2, 3

Q11 = −Q22 = 3qa2 Re e−2iωt

Q21 = Q12 = 3qa2 Re ie−2iωt

b) Show that the general expression for the angular power distribution in the far-field reads 1pt(s)

dP

dΩ
=

µ0

4π

c3k6

288π
|r̂ ×Q0r̂|2 (4)

with r̂ = r/|r|. Here, Q0 is the quadrupole tensor, a 3 × 3 amplitude matrix defined by
components Qij without the oscillating factor.

Hints: The fields in the far-field approximation are given by

B = −µ0

4π

ik3c

6

eikr

r
r̂ ×Q0r̂ and E = cB × r̂ , (5)

and the angular power distribution reads

dP

dΩ
=

r2

2µ0
r̂ · (E ×B∗) . (6)

c) Evaluate Eq. (4) with k = 2ω/c in spherical coordinates for the given setup of rotating quadrupole 1pt(s)

in the Fig. Justify why the frequency is 2ω? Compare the result of rotating quadrupole with the

angular power distribution of an oscillating dipole.

Hint: Use the result from task a).
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