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1. In a flat space, the metric in spherical coordinates , r, θ, φ is

gµν =

1 0 0
0 r2 0
0 0 r2 sin2 θ


(a) Compute all non-zero Christoffel symbols for this system.
(b) Compute the divergence V α

;α

2. Consider a vectro in 2-d space:

~v = i

starting at r = 1, θ = 0, and moving aroudn the unit circle with constatn r = 1, but varying θ. The
assumption is that the vector itself should not vary.
Write, and solve a differential equation describing the changes in the components of ~v as you parallel-
transport it around the unit circle.

3. (Schutz 5.14) For the tensor whose polar components are Arr = r2, Arθ = r sin θ,Aθr = r cos θ,Aθθ =
tan θ, compute

∇βA
µν = Aµν

,β +AανΓµ
αβ +AµαΓν

αβ

in polars for all possible indices.

4. (Schutz 7.3) Calculate all the Christoffel symbols for the metric,

ds2 = −(1 + 2φ)dt2 + (1− 2φ)
(
dx2 + dy2 + dz2

)
, to first order in φ. Assume φ is a general function of t, x, y and z.

5. A cosmic string is a theoretical construct whcih is infinitely long, and has a mass density per unit length
λ. The coordinates describibg the spacetime surrounding a cosmic string are

xµ =


t
R
φ
z


and which has a metric: 

−1 0 0 0
0 1 0 0
0 0 R2(1− 4λ) 0
0 0 0 1


(a) Compute the volume element, dV , near the cosmic string.
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(b) Compute all non-zero Christoeffl symbols.
(c) Compute the distance between two points separated by dxµ = dR, and all other coordinates equal to

zero. From that, cmptute the distance from the string itself out to t distance R = 1
(d) Compute the distance between two points, each R = 1 from the string separated by an angle dφ (with

all other dxµ = 0) Using that, what is the total distance traersed by a particle covering a circular
orbit R = 1 around the cosmic string?

(e) Compare (5c) and (5d) in the context of the normal relationship between radius and circumference.
That is, does C = 2πr? if not, what should it be replaced with?
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