
PHYS 480/581
General Relativity

Extra Problems #4

Question 1.

The electromagnetic Lagrangian is given by L = −1
4FµνF

µν + AµJ
µ, where Fµν = ∂µAν − ∂νAµ

and Jµ is the electric current.

(a) Show that
∂Fαβ

∂(∂µAν)
= δµαδ

ν
β − δ

µ
βδ

ν
α (1)

(b) Use the above to show that
∂(FαβF

αβ)

∂(∂µAν)
= 4Fµν . (2)

(c) Use the fact that Aµ satisfies the Euler-Lagrange equation

∂L
∂Aν

− ∂µ
(

∂L
∂(∂µAν)

)
= 0, (3)

and the results above to derive 2 of Maxwell’s equations

∂µF
µν = −Jν . (4)

1


