
1 Questions exercise class (29.9.2019)

1.1 Meaning of ∂x′µ

∂xν

We have seen that
∂xµ
∂xν

= δνµ. However from classical physics I know that ∂x1

∂x0
is the velocity along the

direction 1. From these two it would follow that the velocity along 1 is always zero?

In GR a di�erent approach is taken. The trajectory of a massive point object is coded in a curve

γ(τ) along the four-dimensional (curved) spacetime. Thus the velocity of that object is denoted by

v =
d

dτ
γ(τ) (1)

Instead, ∂x
′µ

∂xν should be interpreted as a component of the jacobian of a transformation x′ = x′(x0, x1, x2, x3)

of the coordinates.

1.2 Meaning of (∂µωρ)
′

Why does (∂µωρ)
′ = ∂′µω

′
ρ?

By de�nition. One of the axioms of GR is that its equations should be covariant, that is they should

involve tensors, that is objects which transform under the rule

ω′
µ1...µn = ωσ1...σn

n∏
i=1

∂xµi
∂x′σi

v′
µ1...µn = vσ1...σn

n∏
i=1

∂x′
µi

∂xσi
; (2)

in the case of a two rank tensor

ω′
µν = ωσρ

∂xµ
∂x′σ

∂xν
∂x′ρ

. (3)

This request allows to cast equations for tensors in a form that is explicitely invariant under action of

di�eomor�sms (trasnformations of coordinates). Indeed, the contraction of two tensors, Cµ1...µnHµ1,...,µn

is invariant under transformations in the form (2). In trying to �nd a way to di�erentiate tensors while

preserving covariance, we would like to �nd tensors whose components transform as given in (3). In

the exercise classes we have shown that ∂µων does not have the transformation properties of a two rank

tensor. Instead, we showed that this can be done by de�ning Dµ with the constraint

(Dµvν)
′ := D′

µv
′
ν

!
= Dσvρ

∂xµ
∂x′σ

∂xν
∂x′ρ

. (4)
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