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Question 1 (a)
A boost in %(0,1,1,0) direction requires us to rotate the plane by 45°, and thus

transform the Lorentz transformation matrix:

1.0 0 0 1.0 0 0
/oi—io\V_WOO/oiio\

V2 2|—VYV00| \/ix/i|
, L1 0 0 Lofl 11
\ﬁﬁ/oo 01\ ﬁﬁ/
0 0 0 1 o 0 0 1

y vy 0 O ,1 0 0 0
(11 1\, 1 1)
_| V2 2 2 || V2 V2|

1 1 L O S T
_v—_ — — —

2 7 Z vz

0 0 o 1/ % o0 0 1

1 1 )

Y - =V ——=v
I1 111 .
1A

1 1 1 10

\\/‘ 2”25”+§/

0 0 0o 1

So the transformation of the coordinates,
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Question 1 (b)
When at a fixed time t = 0,
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Question 2 (a)
We know that
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Question 2 (c) (i)
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. It is a tensor.

Question 2 (c) (ii)
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Since BY* = —B*Y,
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Question 3 (a)
ds? = yP dx? + x9 dy?
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By symmetry,
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Question 3 (b)
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.. the non-zero components of the Riemann Curvature tensor,
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Question 3 (¢)
When p =g =0, since
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Question 4 (a)

For photons, u-u =0
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Using the implications of Killing vectors,
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Setting 6 = g, we get
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Question 4 (b)
We consider the case when the photon is neither moving towards outwards
from the black hole,
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This means that b? = %Ms = 27M?2. If b? < 27M? it will plunge into the black hole;

b% > 27M? it will be deflected, but remain in circular motion if b2 = 27M?.

Solutions provided by:
John Soo
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