10.

General Relativity
Problem Set III
Lie derivative, Connection, Curvature
Due date: 27/04/2018

. Find out the Lie derivative of a one-form in a coordinate independent way. Verify your result

by using the Lie derivative formulas for a function and a vector field.
Find out the Lie derivative of a (0,2) type tensor.

Show that Lxixw = ixLxw for any r-form w.

. Show that connection co-efficient does not transform as a tensor. [Convince yourself that

connection coefficients are zero for any flat manifold.]
Show that covariant differentiation commutes with contraction.
Show that [V, V,|V? = R’)UWV"

Find out the Christoffel connection coefficients of a 2-sphere. Find the Riemann tensor, Ricci
tensor components and curvature (Riccci) scalar of 2-sphere.

Deduce the equation of geodesic of a 2-sphere and find the geodesic curve.

Show that I':, = ﬁ&,(\/ lg|). Where |g| is the modulus of the determinant of the metric
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tensor.

Riemann Normal Coordinates (RNC) denotes a coordinate system where Christoffel symbols
vanish but not their derivatives.

Use RNC to prove the Bianchi identity: V|,R,,jsq = 0.



