
general relativity – September 13, 2004

material discussed in class

Roughly equal to sections 1.4-1.7 in Carroll, plus variational principle (or
page 8–19 in the lecture notes)

exercises

• Show that
ηµ′ν′

= Λµ′
µΛν′

νη
µν .

• Show that
Λµ

ρΛν
µ = δν

ρ .

• Define the charge and current as

Q =
∑

n

qnδ(3)(x− xn(t))

J i =
∑

n

qnδ(3)(x− xn(t))
dxi

n(t)
dt

.

These combine nicely into a four-vector Jµ = (Q, J i) which indeed trans-
forms as a vector under Lorentz transformations. We can write

Jµ =
∑

n

qnδ(3)(x− xn(t))
dxµ

n(t)
dt

. (1)

Show that Jµ is a conserved current, ∂µJµ = 0.

• Show that Q =
∫

d3xJ0(x) is conserved, i.e. time-independent, using only
the fact that ∂µJµ = 0, and not the detailed form of Jµ.

• Exercises 1.6-1.7 in Carroll.
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