
3/2/20 Lecture outline

⋆ Reading: Taylor chapter 15.

• Last time: electromagnetism is nicely relativistic: Jµ = (cρ, ~J) transforms as a 4-

vector. The electric and magnetic fields combine into Fµν as F i0 = Ei and F ij = −ǫijkBk,

and then Ex = E′

x, Bx = B′

x, and
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The Lorentz force law is indeed relativistic: dpµ

dτ
= fµ = q

c
Fµνuν .

• Write Maxwell’s equations as ∂µF
µν = 4π

c
Jµ and ∂µF̃

µν = 0, where F̃µν =
1

2
ǫµνρσFρσ. The second equations (absence of magnetic charges) can be solved via

Fµν = ∂µAν − ∂νAµ. Gauge transformation symmetry (actually, it’s a redundancy):

can replace Aµ(x) → Aµ(x)+∂µf(x) for any f(x) without changing any physical quantity.

Very important in the quantum description of E and M.

• The force law comes from including a term S ⊃ −
q
c

∫

Aµdx
µ which gives L ⊃ −qφ+

q
c
~v · ~A. Gives e.g. ~p = ∂L

∂~v
= γm~v+ q

c
~A and then H = ~p·~v−L =

√

(c~p− q ~A)2 + (mc2)2+qφ.

The combinations ~E2− ~B2 ∼ FµνF
µν and ~E · ~B ∼ ǫµνρσF

µνF ρσ are Lorentz invariant.

Can get Maxwell’s equations from least action in the field Aµ with S ⊃
∫

d4xL with

L = −
1

16πc
FµνF

µν −
1

c
AµJ

µ; note that S is Lorentz invariant. Least action for fields will

be discussed soon.
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