
Part II - E & M J09E.1 - Motion in EM Fields

J09E.1 - Motion in EM Fields

Problem

In a large region of space there is a uniform magnetic field B in the z-direction and a uniform electric field E in the
x-direction. A particle of mass m and charge q is initially at rest at the origin.
The equation of motion is
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where τ is the proper time of the particle and Uα = dxα/dτ is its four-velocity. The field strength tensor is
Fαβ = ∂αAβ − ∂βAα, where Aα is the 4-vector potential (its time component A0 is the electric potential φ). Note
that in this problem we use units where the speed of light c = 1.

a) Solve for Uµ as a function of the proper time of the particle assuming that B2 > E2. What is the average
4-velocity of the particle?

b) Solve for the particle position xµ as a function of the proper time.


