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Problem 1: How small is an optical wavelength?
How many wavelengths of green light (λ = 555nm) fit into a path corresponding to the
thickness of a sheet of paper (d = 0.1mm)?

Problem 2: Properties of plane waves
Using Maxwell’s equations, prove the following properties of plane waves:

a. ~E and ~B are perpendicular to the wave vector ~k,

b. ~E is perpendicular to ~B.
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Problem 3: Group velocity of a wave-packet
A wave-packet propagating in x-direction can be represented as a superposition of
monochromatic waves

A(x, t) =

∞̂

0

a(k)ei(kx−ω(k)t)dk

For each wave there is a relation between its wave vectors k and angular frequency ω,
prescribed by a dispersion relation ω = ω(k) (which in turn is defined by a propagation
medium). Also wave vectors (and angular frequencies, correspondingly) span some
interval around a central value k0 (respectively, ω0).
Show that the characteristic propagation speed of the wave-packet (i.e. group velocity
of the overall wave-packet shape) can be calculated via the expression

vg = ∂ω/∂k at ω = ω0

What is the group velocity in the vacuum?
Hint: Use the first order expansion of the dispersion relation around the central wave-vector: ω(k) =

ω(k0) +
∂ω
∂k |k=k0

(k − k0)

Problem 4: Does a charged particle at rest lose energy via radiation?
The Poynting vector gives both absolute the value of the energy flux of an electroma-
gnetic field in [W m−2 ] at the point of interest and the direction of the flux. In vacuum,
the Poynting vector of a wave can be calculated with the expression ~S = 1

µ0
~E × ~B.

Check that a charged particle at rest in vacuum does not emit energy using the Maxwell
equations in vacuum and calculating the divergence of the Pointing vector.
Hint : ∇ · (~a×~b) = ~b · (∇× ~a)− ~a · (∇×~b).
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