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We’ve seen before how Maxwell’s equations can be obtained from the

electromagnetic field tensor
The sign convention
used in L&B is
different from that
used by Moore and
Lahiri & Pal.Fµν =


0 Ex Ey Ez

−Ex 0 −Bz By
−Ey Bz 0 −Bx
−Ez −By Bx 0

 (1)

Just to review this, see this post where we show that the relation

∂λFµν+∂µFνλ+∂νFλµ = 0 (2)

yields two of Maxwell’s equations:

∇ ·B = 0 (3)

∇×E+
∂B
∂t

= 0 (4)

The other relation is

∂µF
µν = Jν (5)

gives the other two Maxwell equations

∇ ·E = ρ (6)

∇×B− ∂E
∂t

= J (7)

From the facts that second derivatives are symmetric and Fµν is antisym-
metric, we have
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∂µ∂νF
µν = ∂ν∂µF

µν (8)
=−∂ν∂µF νµ (9)
=−∂µ∂νFµν (10)

In the last line, we merely swapped the indices µ and ν which is permissible
since they are just dummy indices that are summed. Thus ∂µ∂νFµν is equal
to its negative, so it must be zero:

∂µ∂νF
µν = 0 (11)

Thus from 5 we have

∂νJ
ν = 0 (12)

Since Jν is the four-vector

Jν = [ρ,J] (13)
and

∂ν =

[
∂

∂t
,−∇

]
(14)

this gives

∂ρ

∂t
= ∇ ·J (15)

which is the usual continuity equation for charge. The rate of change of
charge density at a given point is equal to the divergence of the current,
which carries charge into or away from that point.


