PH211 Physical Mathematics Fall 2019

Homework 10 - Curvature

Q10.1. Calculate
(VaVp — VpVa) 0° (Q10.1.1)

in two different ways, and hence show that
Rabed = —Rabde (Q10.1.2)
Find all possible distinct contractions of the metric with the curvature tensor.
Q10.2. Use the curvature tensor identity
Rabe® + Rbea® + Reap® = 0 (Q10.2.1)

to show that
Rabca = Redab (Q1022>

Q10.3. The operator A acting on an n-form w is defined by

Aw=-VANNV w-V-(VAw) (Q10.3.1)
(a) Express Aw in terms of
V2 = ¢*PV.Vy (Q10.3.2)
(b) Show that
1 0 Ow
Aw=————er.ng* = 10.3.3
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(c¢) Express Aw in terms of
V2 = ¢*PV.V, (Q10.3.4)
(d) Using
G =xF (Q10.3.5)
show that
AF =V Ax"'J (Q10.3.6)
(e) In Lorentz gauge
V-A=0 (Q10.3.7)
show that
AA =] (Q10.3.8)
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