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Abstract

Basic analysis of the metric and extrinsic curvature tensors

1 Purpose

This thorn provides analysis routines to calculate the following quantities:

The trace of the extrinsic curvature (trK).

The determinant of the 3-metric (detg).

The components of the 3-metric in spherical coordinates
(grr7 9ro, 9ro> 966, 9665 g(b(b)'

The components of the extrinsic curvature in spherical coordinates
(Kr'r‘a KT‘97 KT‘¢a K993 K9¢77 K¢¢)

e The components of the 3-Ricci tensor in cartesian coordinates
(R”) for i,J € {17 2, 3}

e The Ricci scalar (R).

2 Trace of Extrinsic Curvature

The trace of the extrinsic curvature at each point on the grid is placed in the grid function trK. The
algorithm for calculating the trace uses the physical metric, that is it includes any conformal factor.

1 .
trk =trK = %g”Kij (1)

3 Determinant of 3-Metric

The determinant of the 3-metric at each point on the grid is placed in the grid function detg. This is
always the determinant of the conformal metric, that is it does not include any conformal factor.

detg = detg = —gis * gao + 2 % G12 * g13 * G23 — g11 * o3 — Gia * g33 + 11 * g22 * g33 (2)

4 Transformation to Spherical Cooordinates

The values of the metric and/or extrinsic curvature in a spherical polar coordinate system (r, 6, ¢) eval-
uated at each point on the computational grid are placed in the grid functions (grr, grt, grp, gtt, gtp,
gpp) and (krr, krt, krp, ktt, ktp, kpp). In the spherical transformation, the 6 coordinate is referred to
as q and the ¢ as p.

The general transformation from Cartesian to Spherical for such tensors is



A, = sin®fcos?® pA,, + sin? 0sin? PAyy + cos?0A.,, + 2sin? 0 cos ¢ sin DAy
+2sin6 cosf cos A, + 2sinf cos O sin pA, .

A9y = r(sinfcosb cos® p Ay, + 2 % sin 6 cos 0 sin ¢ cos PAzy + (cos2 6 — sin® 0) cos pA,..
+sin 6 cos @ sin® pA,,, + (cos? § — sin® §) sin pA,, —sinfcosfA..)

A,y = rsinf(—sinfsin¢cospA,, —sin 0(sin® ¢ — cos? $)Azy — cosOsin pA,.
+ sin 6 sin ¢ cos p Ay, + cos 6 cos pA,.)

Agg = 72 (cos2 0 cos® p Ay, + 2 cos? 0 sin ¢ cos @ Azy — 2sinf cosbcos pA,, + cos? 0 sin? DAy,
—2sinf cosfsinpA,, + sin?0A..)

Agy = 72 sin O(— cos @ sin ¢ cos pA,, — cos f(sin? ¢ — cos” ¢)Azy +sinfsin A,
+ cos @ sin ¢ cos p A, — sinf cos pA,.)

Agy = 17 sin? f(sin® ¢ Ay, — 2sin ¢ cos PAyy + cos® pA,,)

If the parameter normalize _dtheta dphi is set to yes, the angular components are projected onto
the vectors (rdf, rsin 6d¢) instead of the default vector (df, d¢). That is,

Agg —  Ago/r?

Agy = Agy/(r*sin®0)
Ao — Apg/r

Ay — Ay/(rsind)
Apy — A9¢/T2 sin 0)

5 Computing the Ricci tensor and scalar

The computation of the Ricci tensor uses the ADMMacros thorn. The calculation of the Ricci scalar uses
the generic trace routine in this thorn.
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