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Abstract

The invarience of physical processes wlth respect to the
shoige of the initial time 4, of sn observer gituated at the
digtance Z,>2m outside a collapsing siar makes 1t impos-
gible for him to determine the position of the collepsing star
surface relative to the event horizon. The consequences on the
black hole evaporation due to this invariance are discussed.
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In this paper the gravitatioﬁal collapse of the spherical
dust cloud is considered. This model ie known as & good appro-
ximation to a collapse of a real star at the last stage of the
collapse when the pressure ig much emaller than the gravitatio-
nal force. Small nonspherical perturbetions does not change the
general picture of collapse U'El . When the surface of the sfar
comes cloge to the event horizon the external fields created by
the star sre radiated in the form of the wave pulse with the
characteristic exponentially decreasing back front [3]. Behind
of the pulse the external meiric become spherﬁ.cal‘. The recor-
ding of this pulse by the external observer can be the indica-
tion that the staer is at the relativistic stage of collapse
{the collepse signall.

The space-time outside the star can be described either
with help of the schwarzshild coordinates
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or with help of eny snelytical continuation of the metric (1)
in the region Z < 2 m. The complete space of events is dapari-
ped by the kruskal metric [®+1-2]
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The metric :I.ﬁl:l.h the star in the simplest case 1is {the subse-
quent results does not depend on this metric)

sl Scattering of waves on the space-time curvature leads to ¢
existence of the Egtar descenting tails of this wave pulse »2
But they have nothing to do with the process of gravitational
collapse.
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The internal metric is joined continuously across the gtar sur-
face ;?"'"JQ.{-. to the external metric (see for ex-[ .IL The
star surface moves along the geodesic line of the dust particle;
the equatinn for thia line in the coordinates (1) is
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When 2 —= <27 the schwarzshild time t does not suitable.
However with the help of the formulas (3) the corresponding
equation of the same geodesic line in the coordinates (& ,1f )
which are correct for any ‘Z >0 cen be found easily. This 1i-
nes are represented on the Fig. 1 for two different values of
(the curves (2 , 2 ) and ( b § 6’) on the Pig. 1).

Usually for description of the gravitational collapse the
supposition that the ster surface moves along the geodesic line
(& ,2") on the Fige. 1 is used. In this case the recording of
the collapse signal by the observer situated at the distance
%_ >27 meens in fact that the star surface is elready under
the event horizon and the black hole is fprmed. But the star
surface can moves along the geodeslc line (15 ,5{ ) too. In
the last case an srbitrary long time cen be between the collap-
s¢ signal recorded by the observer at 2, and the real crossing
of the event horizaﬁ'hy the star surfece (see Flg. 1). Let us
note that in the main the collapse signal is formed though at
a small but finite distances from the event horizon 2 = 2 m.
Therefore the time interval AL, between the emission of the
collapse signal by the star and one record by the observer at

ig finite too; it is independent on the value t, 1in (5).

The geodesic line ( & ,53. ) can be transformed into ( b ’
} (or vice versa) by the transformation of the coordlinates

v = vlhfath) + w'$h(4t/2)

(6)
/

i = vishlath) + 4'ch (1212
In the schwarzsghild coordinates (1) the transformation (6) leat
to the time translation

: - f.{ il .dzL {7}'
obviously that any process must be invariant with reapect to
the transformations (7), (6). Therefore the motions of the ster
surface along the geodesic lines (2 ,2°) and ( » o 5" ) are
physically indistinguishable. As well known the crossing of the
event horizon by the star surface is unobservsble for an exter-
nal ohaerver[1 ]. The collapse slignal which wase ﬂescribed abo-
ve in fact is the last signal which cen be seen by the external
observer. The indistinguighability of the geodesic lines (& ,

2y end ( 4 ,ff’ ) permit to make the more strength statement.
Namely an ancertainty principle for the gravitational collapse
is correct: after the collapse signal recording by external ob-
gerver it can not define by no means where is the collapsing
star surface = under the event horizon or above one. A simple
consequence from this principle is independence of any physical
process which can be seen by external observer from the star
surfece position with respect to the event horizon.

Although we used the specific coordinates by Kruskal's
{2),(3) in our reasonings but the finel result does not depends
on that. Indeed the coordinate transform (3) realize the maxi-
mum expension of the schwarzshild solution (1) which is not lo-
cally expansive. Therefore the events space of any transforma-
tion of the coordinates (1) which has the same completeness as
(3) can be put to one-one correspondence with the kruskal eventis
space. Let us note too that the jone of the metric of expanding
univerase and the metric (1) is invariant with respect to the
transformatione (6),(7). Therefore the existence of the "absolu-
te" time in Fridman universes does not influence on this invari-
ances

Let us consider now the black hole evaﬁoratiﬂnlﬁ]. The two
points of view on the origin of this radiation are known. Some
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authors suppese that all radiation are formed by a nonstatic
part of the metric; that is on the surface of the collapseing
gtar before it crose the event hnrizon[5'1n). In fact this
mesns that it is necessary to take account of the back reamciion
becauge the energy-momentum tensor salculated in the neglection
of thig reaction is divergent on the event horizon. Outher au-
thors(8111-13) supporse that before the crossing by the star
surface of the event horizon the external observer register on-
1y a small number of radiation quanta and the radiation flow
becomes stetionary after the formation of the singularity. Thie
alternatives correspond to the differemnt vacuum gtates of the
quantum field in the metric (1) (see, for ex. [12]). In the last
case the number of quanta which are recorded by an external ob-
server depends on the position of the collapsing star surface
with respect to the event horlzom. That brakes the time trans-
lation invariance. In the first case the invariance is not
broken. '

The author is grateful to A.Z.Patashinsky for useful diu4
cupsione.
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. boundare between the external and internal

metrics. The proper time of the observer si-.
tuated st o distance 2,>#/7 1is bound up with
the ecoordinate time v~ by relation & zAm
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