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1. (2) This question is revision of Lagrangian mechanics. Derive the Euler-Lagrance equa-
tions from δS = 0 where

S =

∫
L(t,q, q̇)dt (1)

2. (2) Derive the Euler-Largrange equation

∂µ

∂L
∂(∂µφ)

− ∂L
∂φ

= 0 (2)

from δS = 0 where

S =

∫
L(t, φ, ∂µφ)d4x (3)

3. (3) Derive the Euler-Largange equation

∇µ

∂L
∂(∇µφ)

− ∂L
∂φ

= 0 (4)

from δS = 0 where

S =

∫
L(t, φ,∇µφ)

√
gd4x (5)

Recall that ∇µφ = ∂µφ and that
√

g∇µXµ = ∂µ

√
gXµ.

4. (4) Calculate the energy-momentum tensor

Tµν = FλµF λ
ν −

1

4
gµνFλρF

λρ (6)

for the Maxwell field:

S = −1

4

∫
F µνFµν

√
gd4x (7)

where
Fµν = ∇µAν −∇νAµ (8)

1Conor Houghton, houghton@maths.tcd.ie, see also http://www.maths.tcd.ie/~houghton/442.html
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