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Focusing of Timelike Geodesic Congruences in Gravitational Collapses
—Derivation of the Fundamental System of Equations Describing Geometrical

Perturbation Effects—
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(Received February 6, 2015)

We derive the fundamental system of equations describing modification in the focusing proper-

ties of timelike geodesic congruences caused by the conformal perturbations in the spacetime ge-

ometry. These new equations are expected to play the central role for the detailed understanding of

the final stage of gravitational collapses. The system of these equations is obtained by analyzing the

linear-responses to the conformal perturbations in the system of the Raychaudhuri-type equations.

We then apply it to the simplest model of the gravitational collapse, the time-reversed Friedmann-

Robertson-Walker model, and explicitly analyze the property of these equations. It turns out that

the focusing properties of geodesic congruences are much more sensitive to the detailed form of the

conformal perturbations than originally expected, so that the final stage of gravitational collapses

can be classified into several cases depending on the functional form of the conformal perturbations.
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