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Problem 4∗

nµ ≡ ∂µS

=⇒ nt = nx = 1

nµn
µ = gµνnµnν

= −1 · 1 · 1 + 1 · 1 · 1
= 0

Thus the normal vectors of S are null. As the tangent vectors of null surfaces are also normal vectors,
then the tangent vectors of S are null, and so S is a null surface.

Problem 5∗
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(b)
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(c)

As rA → 2GM for fixed rB > 2GM , we have that z → ∞. This corresponds to an observer outside the
event horizon detecting an infinite redshift from a source at the event horizon.
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