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Exercise 1. Relativistic particle in a constant, uniform magnetic field

Consider a point particle with mass m, charge ¢, initial velocity v and initial position xg, moving
in a constant, uniform magnetic field B = B €., parallel to the z axis. Let the 4-momentum be

p* = (£,p).

1. Show that the energy of the particle is constant in time, e.g.

E=0.

2. Find the trajectory of the particle.

3. What are the differences between the classical and the relativistic trajectory?

Exercise 2. Lorentz transformations for the Electromagnetic field

a) Prove that under a general Lorentz transformation the E and B fields transform as follows:
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where B: v/e,y=(1- 52)_1/2 and c is the speed of light.
b) Argue what happens to the angle between the E and B fields under a general boost

transformation.

Exercise 3. FElectrodynamsics in a Covariant formalism

a) Given the electromagnetic field tensor F*” with components
FY%=_F'  F9=_ékp, ~ FM=_Fvr (3)

with €193 = +1, compute

— i F* Fuy, €uvpo FH FP? (4)
in terms of the E and B fields.
b) Show that all the Maxwell equations
HB+VxE=0 (5)
V-B=0 (6)
are equivalent to
Oy + 0y Fyy + O\F,, =0 (7)



¢) Given the Energy-momentum tensor
T = FrEPY L F, . F*?
em — “p + Z g po

compute the components 790 7% Téﬂn in terms of the E and B fields.
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d) Show that the Levi-Civita tensor e#?? is invariant under Lorentz transformations.



