Energy of a particle or photon with 4-momentum p as measured by an observer with
4-velocity ugps is

E = —p- s (17)

For a particle, p = mu.

For a photon, £ = hw = hv.

COORDINATE AND ORTHONORMAL BASES
o A set {es} of four orthonormal basis vectors satisfies
ez (x) - e5(x) = n5p-
e A set {eq} of four coordinate basis vectors associated with a set of coordinates x%® satisfies
ey (x) - eg(x) = gap(x)

where the line element has the form ds? = gop (x)dx"‘dxﬂ .

e If the coordinate system is orthogonal (gog(x) = 0 for @ # ), the coordinate basis components of an
orthonormal basis pointing along the coordinate directions have the form

i

()" = [(~200) V/%,0,0,0], (e)® =10, (g1)%,0,0, ete.  “

THE GEODESIC EQUATION

o Lagrangian for the Geodesic Equation of a test particle

dx*® dx® dxB\'"?
Ll—.,x%)={- _——
( do ' ) ( 8ap (X) do do )
where o is an arbitrary parameter along the world line x* = x%(o) of the geodesic.
¢ Geodesic equation for a test particle (coordinate basis)

d*x® . dxP dx? du® o

= =z = B

dvz P dr dr o T Poyu'u”
where T is the proper time along the geodesic and u® = dx®/drt are the coordinate basis components of the
four-velocity so that u - u = —1. The Christoffel symbols ng follow from Lagrange’s equations or from the

general formula (8.19). The geodesic equation for light rays takes the same form with t replaced by an affine
parameter and u - u = 0.

¢ Conserved Quantities
& - u = constant

where £ is a Killing vector, e.g., £ = (0, 1, 0, 0) in a coordinate basis where the metric gog(x) is independent
of x!.
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