
Problem 1. One liners

(a) Starting from the Maxwell equations for F µν and the definition of F µν , derive the wave
equation −�Aµ = Jµ/c.

(b) Starting from the maxwell equations for F µν in covariant form, show that we must
have ∂µJ

µ = 0 for consistency.

(c) (This is two lines) Show that the energy conserivation and force laws

dEp

dt
=qE · vp (1)

dp

dt
=q(E +

vp

c
×B) (2)

can be written covariantly
dP µ

dτ
= F µνuν/c (3)

Note that Ep (the energy of the particle) is different from E the electric field.

(d) From Eq. (3) show that PµP
µ is constant in time.

(e) Show that Fµν = ∂µAν − ∂νAµ is invariant under the gauge transform

Aµ → Aµ + ∂µΛ(X) (4)

where Λ is an arbitrary function of X = (t, r).

(f) Given F µν the only two Lorentz invariant quantities are FµνF
µν and FµνF̃

µν . Evaluate
these two invariants in terms of E and B1

1
answers: 2(B2 − E2) and −4E · B
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