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The Evolution of the Solar Habitable Zone

4.6 billion years ago today 1.75 billion years from now

» > < > < >
1 Astronomical Unit 1 Astronomical Unit 1 Astronomical Unit
(150 million kilometers)

O S solar o living Earth
habitable zone o dead Earth

Rene Heller, Scientific American, 2015
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SEPTEMBER 1, 1939 " PHYSICAL REVIEW VOLUME 56

On Continued Gravitational Contraction
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analytic solution of the field equations confirming these general arguments is obtained for the
case that the pressure within the star can be neglected. The total time of collapse for an ob-
server comoving with the stellar matter is finite, and for this idealized case and typical stellar
masses, of the order of a day; an external observer sees the star asymptotically shrinking to
its gravitational radius.
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Exact solutions for shells collapsing towards a pre-existing black hole
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ABSTRACT

The gravitational collapse of a star is an important issue both for general relativity and astrophysics,
which is related to the well-known “frozen star” paradox. This paradox has been discussed intensively
and seems to have been solved in the comoving-like coordinates. However, to a real astrophysical
observer within a finite time, this problem should be discussed in the point of view of the distant rest-
observer, which is the main purpose of this Letter. Following the seminal work of Oppenheimer and
Snyder (1939), we present the exact solution for one or two dust shells collapsing towards a pre-existing
black hole. We find that the metric of the inner region of the shell is time-dependent and the clock
inside the shell becomes slower as the shell collapses towards the pre-existing black hole. This means
the inner region of the shell is influenced by the property of the shell, which is contrary to the result in
Newtonian theory. It does not contradict the Birkhoff's theorem, since in our case we cannot arbitrarily
select the clock inside the shell in order to ensure the continuity of the metric. This result in principle
may be tested experimentally if a beam of light travels across the shell, which will take a longer time
than without the shell. It can be considered as the generalized Shapiro effect, because this effect is due
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