
8.962 Pset 4

Problem 1

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

In[11]:= coord = 8t, x, y, z<
Out[11]= 8t, x, y, z<

And the metric Hgmn L.  We will use a for the scalar acceleration, not g, because we want to use g for the metric:

In[12]:= g = DiagonalMatrix@8-H1 + a xL^2, 1, 1, 1<D
Out[12]= 88-H1 + a xL2, 0, 0, 0<, 80, 1, 0, 0<, 80, 0, 1, 0<, 80, 0, 0, 1<<

In[13]:= gInv = Inverse@gD êê FullSimplify

Out[13]= 99- 1
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅH1 + a xL2 , 0, 0, 0=, 80, 1, 0, 0<, 80, 0, 1, 0<, 80, 0, 0, 1<=

Here are the connection coefficients, HGa Lbg :

In[17]:= MatrixForm@G = Table@Sum@1ê 2 gInv@@a, kDD 
HD@g@@g, kDD, coord@@bDDD + D@g@@b, kDD, coord@@gDDD - D@g@@b, gDD, coord@@kDDDL,

8k, 1, 4<D, 8a, 1, 4<, 8b, 1, 4<, 8g, 1, 4<D êê FullSimplifyD
Out[17]//MatrixForm=
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Problem 3

Here are the coordinates.

In[1]:= coord = 8t, r, q, f<
Out[1]= 8t, r, q, f<

The metric

In[2]:= g = DiagonalMatrix@8-Exp@2 F@rDD, 1 ê H1 - 2 G M@rDê rL, r^2, r^2 Sin@qD^2<D

Out[2]= 98-‰2 F@rD, 0, 0, 0<, 90, 1
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
1 - 2 G M@rDÅÅÅÅÅÅÅÅÅÅÅÅÅÅr

, 0, 0=, 80, 0, r2, 0<, 80, 0, 0, r2 Sin@qD2<=

The inverse metric.

In[3]:= gInv = FullSimplify@Inverse@gDD

Out[3]= 98-‰-2 F@rD, 0, 0, 0<, 90, 1 -
2 G M@rD
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅr , 0, 0=, 90, 0,

1
ÅÅÅÅÅÅÅr2 , 0=, 90, 0, 0,

Csc@qD2
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅr2 ==

And the Christoffel symbols.

In[4]:= MatrixForm@G = Table@Sum@1ê2 gInv@@a, kDD 
HD@g@@b, kDD, coord@@gDDD + D@g@@g, kDD, coord@@bDDD - D@g@@b, gDD, coord@@kDDDL,

8k, 1, 4<D, 8a, 1, 4<, 8b, 1, 4<, 8g, 1, 4<D êê FullSimplifyD
Out[4]//MatrixForm=
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And we see that the only non-zero G of the form HGi Lt t  is HGr Lt t
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