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Exercise 1 [Energy momentum tensor ]: The energy momentum tensor of the electro-
magnetic field is defined by
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(i) Write out the energy-momentum tensor in terms of the electromagnetic fields.

(ii) Show that the conservation law reads
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where fµ is the force density
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(iii) By integrating this equation over a finite volume V and using the divergence theorem,
show that
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Interpret the different terms as energy and momentum density, and energy and
momentum current, respectively.

Exercise 2 [Invariants ]:

(i) Show that the quantities

I1 = FµνF
µν and I2 = εµνρσF

µνF ρσ

are Lorentz invariant.

(ii) Express I1 and I2 in terms of the electromagnetic fields.

(iii) Suppose that in a particular inertial system E and B are orthogonal to one another.
Show that this is then true in any inertial system.

(iv) In an inertial system we have E = 0 and B 6= 0. Is there then an intertial system in
which B = 0?


