STRESS-ENERGY TENSOR OF A SLOWLY ROTATING STAR
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The general form of the stress-energy tensor for a perfect fluid is

TY = (po + Po) u'v’ + Pog” (0

where py is the energy density of the fluid and P is the pressure, and u’ is
the four-velocity of the fluid, all measured in the fluid’s rest frame. Suppose
we have a star with a spherically symmetric density p () that rotates about
the z axis with an angular velocity w that is slow enough that the speed
of the fluid making up the star at any point is non-relativistic, that is v =
wrsinf < 1 (where we’re using the usual spherical coordinates r and 6).

We’ve seen that in a |star like the sun, the pressure Py in the interior of
the star is negligible relative to the energy density pg so we’ll neglect Py in
what follows. The tensor then becomes

TV ~ pou‘’ ()

The components of the four-velocity can be worked out as follows:
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The components of the velocity are
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so we have
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with the density as a function of x, y and z:

p=p(r)=p(Vi2+y2+22) (16)

We then get for 7%:
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In the non-relativistic case, v ~ 1 and w?r? < wr < 1 so we can approx-
imate the tensor as
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