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8.962 Pset 4

Problem 1

We define the coordinates (no bars, because they're hard to type) we will use for spacetime:

In[fl11]:= coord = {t, x, y, z}

Out[11] {t, %, v, 2}

And the metric (g,,). We will use a for the scalar acceleration, not g, because we want to use g for the metric:
In[12]:= g =DiagonalMatrix[{-(l+ax)"2, 1, 1, 1}]
outfi2j= {{-(l+ax)*, 0, 0,0}, {0, 1, 0, 0}, {0, O, 1, 0}, {0, 0, 0, 1}}

In[13]:= gInv = Inverse[g] // FullSimplify

1

~+0,0,0}, {0, 1,0,0}, {0,0,1,0}, {0,0,0,1}}
1+ax)

out[13]= {{— (

Here are the connection coefficients, (I'*) By

In[17]:= MatrixForm[I' = Table[Sum[l/2gInv[[a, x]]
(DIg[[¥, x11, coord[[B]]] +D[g[[B, x]1]1, coord[[¥]]] -D[g[[B, ¥]]1, coord[[x]1]),
{x, 1, 4}1, {a, 1, 4}, {B, 1, 4}, {¥, 1, 4}] // FullSimplify]

Out[17]//MatrixForm=
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Problem 3

Here are the coordinates.

Infl]:= coord= {t, r, 6, ¢}

Out[1] {t, r, 6, ¢}

The metric

In[2]:= g =DiagonalMatrix[{-Exp[2&[r]], 1/ (1-2GM[r]/r), r"2, r~2Sin[6] "2}]

. 1 ,
out[2)= {{-e***', 0, 0, 0}, {0, ——euyr+ 0, 0}, {0, 0, ¥*, 0}, {0, 0, 0, r*Sin[6])"}}

r
The inverse metric.

In[3]:= gInv =FullSimplify[Inverse[g]]

2GM[r]
r

out[3j= {{-e?**, 0,0, 0}, {0, 1- , 0,0}, {0, 0, riz o}, {0, 0,0,

And the Christoffel symbols.
In[4]:= MatrixForm|[TI = Table[Sum[l/2gInv[[a, x]]

(D[g[[B, k11, coord[[¥]]] +D[g[[¥, x]], coord[[B]]] -D[g[[B, ¥]11, coord[[x]]]),
{x,1, 4}1, {a, 1, 4}, {B, 1, 4}, {¥, 1, 4}] // FullSimplify]

Out[4]//MatrixForm=
0 3 [r] 0 0
& [r] 0 0 0
0 0 0 0
0 0 0 0
e2 L] (r—ZEM[rn@’[rJ 0 0 0
0 7GrM(rr—2+((‘j;[Mr/] >r 0 0
0 0 -r+2GM[r] 0
0 0 0 -(r-2GM[r]) sin[o]?
0 0 0 0
0 0 1 0
0 1 0 0
0 0 0 -Cos[6] Sin[6O]
0 0 0 0
0 0 0 %
0 0 0 Cot [6]
0 1 Cot[6] 0

And we see that the only non-zero I of the form (I'),, is (I"),,
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