
02ELMA - Homework 13

Assigned for the week of May 12, 2025

Question

In the special theory of relativity, just as the coordinates of events and forces transform
according to Lorentz transformations between relatively moving frames of reference, so
too do the electric and magnetic fields. Accordingly, the fields E⃗ and B⃗ in the reference
frame S appear as follows in a frame S ′ moving with constant velocity v along the x-axis
relative to S:

E⃗ =

Ex

Ey

Ez

 −→ E⃗ ′ =

E ′
x

E ′
y

E ′
z

 =

 Ex

γ (Ey − vBz)
γ (Ez + vBy)


B⃗ =

Bx

By

Bz

 −→ B⃗′ =

B′
x

B′
y

B′
z

 =

 Bx

γ
(
By +

v
c2
Ez

)
γ
(
Bz − v

c2
Ey

)


Assume that in the laboratory frame S, there is an electric field E⃗ = E0ŷ and no magnetic
field B⃗ = 0. An inertial observer S ′ moves relative to S with constant velocity v along
the x-axis.

(a) Use the field transformation expressions given below for E⃗ and B⃗ to find the electric

and magnetic fields E⃗ ′ and B⃗′ as measured in the frame S ′.

(b) According to your result in (a), what does an observer in S ′ measure for the electric

field E⃗ ′ and the magnetic field B⃗′? Explain it.

(c) At t′ = 0, a particle of charge q and mass m is at rest in the frame S ′ at the origin,

u⃗′(0) = 0. What is the force F⃗ ′ = q
(
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)
acting on the particle in the

frame S ′? Remember that the velocity u⃗′ of the particle at time t′ is given by the
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(d) (Hard-Optional) Can you solve the equation of motions of the particle and obtain
the velocity u⃗′(t′) of the particle in the frame S ′? Explain in words why a purely
electric field in one frame appears partly as a magnetic field in another, and how
that “new” magnetic field influences the charged particle’s trajectory.


