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The electromagnetic field tensor F ij is

F ij =


0 Ex Ey Ez

−Ex 0 Bz −By

−Ey −Bz 0 Bx

−Ez By −Bx 0

 (1)

The various electromagnetic laws can be expressed by the equation

∂iFjk+∂kFij +∂jFki = 0 (2)

The lowered version Fij of F ij in the flat metric of special relativity is

Fij =


0 −Ex −Ey −Ez

Ex 0 Bz −By

Ey −Bz 0 Bx

Ez By −Bx 0

 (3)

Because Fij = −Fji, if we set two of the indices equal in 2, the LHS is
identically zero. For example if i= j:

∂iFik+∂kFii+∂iFki =−∂iFki+0+∂iFki (4)
= 0 (5)

Since the three terms are cyclic permutations of each other, setting any other
pair of indices equal gives the same result.

If we choose i= y, j = x, k = z, we get

−∂yBy−∂zBz−∂xBx = 0 (6)

This is the law ∇ ·B = 0.
If we now choose i= y, j = x, k = t, we get

−∂yEx+∂tBz+∂xEy = 0 (7)
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This is the z component of Faraday’s law ∇×E+ ∂B
∂t = 0. Other choices

give the remaining components of Faraday’s law.
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