
REVISION EXERCISE FOR COURSE MA3431

1. An alternative Lagrangian density for the electromagnetic field due to Enrico Fermi
is
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where Jµ is the four current density and the electromagnetic units are those of
Heaviside and Lorentz.

(a) Derive the Euler-Lagrange equations of motion for the alternative Lagrangian
density of Fermi.

(b) Under what assumptions are the equations of motion the Maxwell equations of
electrodynamics?

(c) Show explicitly, and with what assumptions, that the Lagrangian density of
Fermi differs from
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by a 4-divergence.

(d) Does the added 4-divergence affect the action relating to the electromagnetic
field theory?

(e) Does the added 4-divergence affect the equations of motion of the theory?

[J D Jackson, Classical Electrodynamics, Problem 12.13 (2nd ed.), 12.14 (3rd ed.)].
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