PH211 Physical Mathematics Fall 2019

Homework 13 - Symmetry

Q13.1. (a) Express L£,v® in a coordinate basis and deduce that it is independent of the
metric.

(b) Use Eq. (2.3.20) to show that
Lowa = uPViwa + wpVauP (Q13.1.1)
and check that this is consistent with Eq. (1.2.6).

Q13.2. (a) Derive Eq. (2.3.21).

(b) Show that a coordinate basis vector €2 is a Killing vector if and only if
Vagsy =0 (Q13.2.1)

for all 3,~, and explain the difference between V,g3, and V,gne.

(c) Show that a particle with momentum

dzP

a — ab™;, 13.2.2
Pa = Mgab— (Q13.2.2)

and moving freely in a space with Killing vector field £ has conserved quan-
tity £2pa.
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