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Abstract

It will be proposed here that the region inside e¢lvent horizon of a black
hole should be considered as consisting of a sspadéal point.

1 Introduction

In Schwarzschild coordinates, the metric outside shrface of a static and spherically
symmetric local distribution of matter with totabss-energ\ is given by[1]:

ds? = —[1—27det2 +(1_d—r22|v|j +12(do? + sintod?) (1)

r

Using the Schwarzschild radiLRS defined by :
Rg =2M (2a)
we can write (1) as :

ds’ = —[1—&jdt2 +( dr’ + rz(d@2 + sin2<9d¢2) (2b)

r 1_st
.

The question arises here : what is the appropraige of values for when the total
mass-energl is entirely contained in the region defined by RS’?

From a mathematical point of view, we can assignttee same range of values than the
one used for a total mass-enefdy not entirely located within the region defined by
r< RS’ that is :0<r <. But from a physical point of view, in virtue ofeGeral

Relativity the only values of coordinates that hawephysical meaning are those
corresponding to observable physical events, drdha be made so. For a total mass-
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energyM entirely located whithin the region defined by R, it is well known that
events located within the region defined by RS are not observable for an observer

located outside that region. The surface of thigorg known as the "event horizon", has
a not null areaA; given by :

A = ATRS 3)

Does the not null value foA legitimate one to conclude that the spatial regnside the
surfacer = Ry consists of more than one single spatial poititWill be argued here that

this is not the case, that is to say, all the apatoints within the region defined by
r <Rscan be considered as corresponding to a singleabpatint and therefore the

appropriate range of values fowould beR; <r <.

2 Asimple case : acurved two-dimensional space

Let us consider a two-dimensional sp&cen the case of a flat geometry, the distatise
between two neighbour poinf and P, is given in polar coordinates by :

ds® =dr® +r?d9? (4)

It is important to notice here that an infinite ruen of coordinates pair®,0), with
0< 6 < 2r, correspond to a single point, that is, the orajfithe coordinates.

Now let us consider a curved sp&with a metric that is rotationnaly symmetric about
some pointR,, that is, the metric in polar coordinates can bi&ten as :

ds’ = F(r)*dr? + G(r)*r*dy? (5)
whereF(r) andG(r) are arbitrary continuous functions.
R, b
Let us take : F(r)= (1+T] (6a)

G(r):(1+%j (6b)

where Ry is an arbitrary not null positive number.




Does the event horizon of a black hole
consist of a single point ?

The metric (5) is therefore given by :

ds* = [1+&j dr? +[1+&j r2do? (6¢)

r r

The circumferencé of a circleC centered onP, and passing through some poiRt
with coordinatesi(, ) is :

L= T(u ;ﬁ} r,do = 21w, + 21R, ©)

0 1

If we take the limitP, - P, thatis,r, - 0, we get :

L, =limL = ||m(2nr1 +21R, ) = 2R, (8)
That is to say, the circl€, defined symbolically as :
C, =limC 9)

has a circumference different of zero and contdiasonly pointF,.

The same kind of reasoning in a three-dimensiopate leads to the result that the
region inside a surface having an area differemhfzero can consist of a single point.

Therefore, the answer to the question arouseceintinoduction :

" Does the not null value foAlegitimate one to conclude that the spatial regimide
the surface = R; consists of more than one single spatial point ? "

is clearly negative.

3 The event horizon of a black hole

Let us now turn back to the event horizon of a lblacle. We know from General
Relativity that all coordinates systems are on quak footing to describe the physical
world. We could proceed with Schwarzschild coortbsabut the point will possibly
appear more clear with a new set of coordinates.ulsethen perform the following
continuous transformation of coordinates on Schedritd coordinates :

rr=r—-2Mm (10a)
0 =0 (10b)
=0 (10c)
=t (10d)
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With these new coordinates, the metric specifiedl)ys given by :

d = -1 dt2+(1+&jdr'2+(l+;—R§j 2 (dor 2 +sine d2)  (11)

O

This metric is well-behaved everywhere in the ragiefined byr' >0.

The spatial part oflsin (11) is the three-dimensional analog of (B2pnsidering the
discussion following (6c¢), the answer to the foliogvquestion : "Does the region inside
the surface defined by = R; reduce to a single spatial point ?" can clearlyobsitive.

Moreover, if we take into account the argument gmé=d in the Introduction concerning
the fact that any event interior to that regionuisobservable for an observer located
outside that region (that is, for us), it clearppaars more appropriate to consider that the
region inside the event horizon of a black holetams a single spatial point, with the
metric being singular at that point. The range aliues forr’ is thusO<r'< o and the
mass-energy distribution must then be expressedvatume mass-energy density given
in rectangular coordinateg’fy’,z’) by:

pX",Y 2 ) =M (x)d(y)d(Z) (12a)

For all r > 0, the metric given by (11) is the solution of Eimisi equation for the
spherically symmetric mass-energy distribution givey (12a) with the usual boundary
conditions and as required we haw@’)=M for all >0, wherem(r’) is the mass-energy
inside radius’.

Turning back to the the Schwarzschild coordinatelk ther coordinate now restricted to
r 2 Ry, the mass-energy density in (12a) becomes a sunfiass-energy density which is

not null only on the surface defined by R, and is given by:

M
o(0.0) = ——;
4TRS
Taking this surface mass-energy density and réisgi¢cher coordinate tor =2 Rg, we
can perform the same calculations as the onesrpegtbin MTW[1] (Chapter 23) : this
statement should however be confirmed by othercasitbefore being considered as a
valid one. All the known observable phenomena aatst with black holes remain
applicable given that any such observable phenomeniaitiated on or outside the event
horizon.

(12b)
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4 Conclusion

The analysis presented in the above shows thaipitaas more appropriate to consider
that the region inside the event horizon of a blacle consists of a single spatial point

(more precisely a world-line specified by, (Y, ,Z,,t) with x,,y, ,z, kept fixed) with the
singularity located at that point. The singulaatythe center of a black hole is then much
like the usualr =0 singularity with the difference that the surfacstjoutside r =0 is
not null and is given byt 6TV °.
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