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12. 1. (Präsenzübung: Lorentz boosts, 1+1 marks)

(a) Calculate

ΛxΛy and ΛyΛx ,

where Λx/y denotes a boost in x- and y-direction, respectively. Does the two combinations yield the same
result? Is ΛyΛx a Lorentz transformation? Is ΛyΛx a Lorentz boost?

(b) Expand

Λ
−yΛ

−xΛyΛx

up to second order in powers of β = v
c . How do you interpret the result?

Hints:

• (AB)T = (BT AT ) (A, B where n × n-matrices)

• γn =
(

1 − β2
)

−

n

2 = 1 + n
2 β2 + n(n+2)

8 β4 + O
(

β6
)

• Λ
−x = Λ−1

x = Λx(β → −β ; γ → γ)

12. 2. (Extra exercise: particle moving in an electromagnetic field, 9 marks) A nonrelativistic particle with

mass m and (electric) charge q is moving in a constant electric field ~E = (0, E2, E3) and a magnetic field
~B = (0, 0, B3). At t = 0, the particle is passing the origin (0, 0, 0) with velocity ~v0 = (v01, 0, v03). Give the
equations of motion and calculate the trajectory ~r(t) of the particle as a function of time t. How can you describe
the trajectory?
Hints: The coupled differential equations for x and y can be combined to one equation for the complex va-
riable u = x + iy First, solve the the homogeneous equation for u, and then use the solution for solving the
inhomogeneous equation.

12. 3. (Extra exercise: dielectrics, 6 marks) Examples for values of dielectric constants ǫ of various media are
given by

vacuum ǫ = 1 ; air ǫ = 1.0005 ; glass ǫ = 5 − 8 ; alcohol ǫ = 26 ; water ǫ = 81 .

Which values can the dielectric constant take at all? Why? Explain the order of magnitude of ǫ for the different
examples relative to each other! Which material and molecular properties are important?

flipside: 100 Autoren gegen Einstein
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