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On a vector space of 1-forms over a flat manifold with coordinates {x,y, z,t}, choose as a basis

the following:
ledm—l—idy, Q2Edm—idy, Qszdz—dt, Q4Edz—|—dt.

For 2 timelike-separated events, A and B on the manifold, with coordinates {z/{} and {2} the

(Lorentz invariant) interval between them would be given by

g = N (¢ — 2h) (v — 2%) = —(A7ap)?,
assuming that 7 is the parameter along a worldline of some observer who passed between A and
B. An infinitesimal version of the interval, using {dz*} as a choice for a basis of 1-forms or the

choice given above {§“}, would just be
Nuv drtdz” = Qaﬂ,@a Qﬁ )
where Q). is the form of what is usually referred to as the metric tensor relative to the first

choice of basis 1-forms, as given in the beginning of this problem. Please determine the matrix

which has the Qo3 as its elements.

Using the connection 1-forms for the Schwarzschild metric, in the orthonormal basis

1 5 . ;
cg”zﬁdr, W =rdd, w?=rsinfde, w'=Hdt

the connection 1-forms are the following:

_ w? _ w? ot
Lig=-"H=, Lrpg=—-H Lt =HW",

Connections:

Lop = —0w?, Ly =0, Lpi =0,

write out the 4 differential equations that define a geodesic in t

t
is spacetime, remembering that

=

the connection 1-forms are skew-symmetric in their indices.

The 4-velocity can be written as
d _ dxt 0

i R

If the coordinates {x*} are the usual spherical coordinates, {r, 0, p,t}, what is a matrix represen-

tation of the components of the 4-velocity?

In the orthonormal basis, show that the components of the 4-velocity are such that

o, dt s dr/dt g rdo s rsinfdyp
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Remember that ()% = —1.




