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Abstract

Static, spherically symmetric bodies are studied by the use of flat space-time theory of gravitation.
In empty space a singularity at a Euclidean distance from the centre can exist. But the radius of
this singular sphere is smaller than the radius of the body. Hence, there is no event horizon, i.e.
black holes do not exist. Escape of energy and information is possible. Flat space-time theory of
gravitation and quantum mechanics do not contradict to one another.
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1. Introduction

In this paper the theory of gravitation in flat space-time [1] [2] is applied to static, spherically symmetric bodies.
The study of this paper follows along the lines of article [3]. There can exist a spherically symmetric, singular
sphere in empty space. But the radius of the singular sphere is smaller than the radius of the body. Hence, this
singular sphere doesn’t exist. This means that there is no event horizon, i.e., black holes in the sense of general
relativity do not exist. Information and energy are not lost. Hence, theory of gravitation in flat space-time and
quantum mechanics do not contradict to one another. The results of this article can also be found in my book [4].
It is worth mentioning that the system of differential of a non-stationary, spherically symmetric, collapsing body
is given in Chapter I11 of [4]. A solution of these differential equations is not known. We also mention that flat
space-time theory of gravitation implies no big bang for homogeneous, isotropic, cosmological models. The un-
iverse contracts to a positive minimum (corresponding to the big bang of general relativity) and then it expands
for all times. This result can be found in the book [4] and in the article [5]. Lastly let us mention the comparison
of the theory of gravitation in flat space-time with the theory of general relativity [6].

In a recent article of Hawking [7] and in the cited references therein, essays to the resolution of the paradox of
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black holes of general relativity are studied.

2. Gravitation in Flat Space-Time
We shortly summarize the theory of gravitation in flat space-time. Let x‘)
(77i,- ) a symmetric metric tensor of flat space-time with the line-element

(ds)” =z, dx'dx’ . (2.1)

be a four-vector of space-time and

A special case is the pseudo-Euclidean metric where (x,,x,,x;) are Cartesian coordinates, x, =ct and
() = diag (1,1,1,-1) . The gravitational field is described by a symmetric tensor (g, ). The proper-time is de-
fined by

(cdz)” =—gdx'dx’ . (2.2)
Put
n=det(r;), G=det(g;).
Define (g”) by

x99 =67
The Lagrangian for the gravitational potentials (gij) is given by
1/2 1
L(G)=—(_—nj gijgk.gm”[g}fng,’é —Egmﬂj 23)
where the bar / denotes the covariant derivative relative to the metric (2.1). Let k be the gravitational constant. Put
47k
K= o

and define the differential operator of order two

_ g\ _
D;:[(;j gmngjkg/krl]] : (2.4)

/m

Then, the field equations for the potentials from the Lagrangian (2.3) are
1 )
D; -2 Dy = 4nkT| (2.5)
where TJ.i is the total energy-momentum tensor of matter and of the gravitational field, i.e.

T =T(M), +T(G)..

It is worth to mention that the energy-momentum of the gravitational field T (G)ij is a tensor contrary to the

one of general relativity.
The equations of motion for matter are

k

1
(M), :Egk”iT(M)k'. (2.6)
The derivative of these results can be found in the articles [1] [2] and in the book [5].

3. Static Spherically Symmetric Gravitational Field

Here, we follow along the lines of paper [3]. Let us consider a spherically symmetric body at rest with non-va-
nishing pressure.
Weset (x')=(r,%¢,ct) with (77”.)=diag(1,r2,rzsin(,9)z,—1).

The potential are



W. Petry

. (N R 1
(gij):dlag[ TORION g(r)sm (9)_WJ (3.1)
A body at rest has the four-velocity
(u)= (o, 0,0,cvh ) . (3.2)
The matter tensor can be written in the form
(T (M )ij ) = diag( pc?, pc?, pc?, —pCz) (3.3)

where p and p are pressure and density of matter.
We use the abbreviation

fr=£,etc.
dr
and define
2 2 2 2
f f g (hj 1[f g, h
=———|| = | 2] = +| | —=| F+2=L+L |, 3.4a
ng\/ﬁ{[fj [gthfgh -
2
4 f f-g
= — . 3.4b
L= ﬁ[ f j (3.4b)
Then the energy-momentum tensor of the gravitational field is
i 1 .
(T(G)j)zlﬁ—’cdlag(—(Ll—Lz),Ll,Lz,L1+L2). (3.5)
The differential equations for the gravitational field have the form
1d f f 2 f f?-g° 1 )
———————=—=L +2xC"(p-p), 3.6a
rdr[ grfJ ol 7 gnraelen) (862
1dl, f g 1 f f°-g° 1 )
——r L+ ———r—=—=L,+2xc(p-p), 3.6b
rzdr{ g\/ﬁgj r’ gfh  f? 427" (p=p) (3.60)
1d|{, f h )
——| rF——-—"|=-2x¢c"(p+3p). 3.6¢
r2 dr[ g\/ﬁ h\J K (10 p) ( )

In addition, there are boundary conditions for r — < and for r — 0 which are omitted. Let ry denote the
boundary of the spherically symmetric body which gives p(r,)=0.
Put

M =4nj'0r° r’p(r)dr, P:4nj'0r°r2p(r)dr (3.7a)

then we get the gravitational mass
My, =M +3P. (3.7b)

Elementary calculations give by a suitable linear combination of the Equations (3.6) and the boundary condi-
tions

g9 v __1 r.2 _ 2(" .2
g\/_[ +220 3Fj_ zjor (L +L,)dr —24xc? [ r*p(r)dr. (3.8)

It is worth to mention that static, spherically, symmetric bodies with pressure equal to zero do not exist. It

©
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holds (see [3])

ap = 4T ”rz(—T(G)j)dr. (3.9)

c? o
The derivation of all these results can be found in the article [3] and in the book [4].

4. The Gravitational Field in the Exterior of the Body

The gravitational field in the exterior of the body, i.e., r>r, is described by the differential equations (see

(3.6))
_i r? f L _isz_gz__lLi (4.1a)
r? dr g\/ﬁ f) r? g\/ﬁ f? 2 '
1df, f g 1 f f2-g? 1
—Ir 2r 14 =—=L,, 4.1b
zdr[ g\/ﬁgj rzg\/ﬁ £2 4 2 (4.1b)
f h
r? —=-2K 4.1c
o #
with
k kM
K :C—Z(M +3P) = ng . 4.2
It follows from (4.1) by the substitution
K
E=— 4.3)
r
f 2 h.\¥ 1(f.) g.h
AfL )20 (9] | ) L) ST (4.42)
del f & f 4( h 40 f g h
2
f h
i % :_iz ]__g g+ g_‘f _1_‘5g_‘5+£g_§_§, (44b)
dé\ g 4 f)f Lg 2f g 2gh
h h ¥
< =29/ —| . 4.4¢
. g[fj (4.4¢)
Elementary calculations give the asymptotic solutions, i.e. for r — o by the use of the boundary condition
2 3 4
e K o< B[ o
r r r 6 r
2 3 4
gz1—25+3(5j —(4+ A)(Ej +(E+3Aj(5j o (4.5b)
r r r 6 r
2 3 4
hz1+25+2(ﬁj +2(£] +(2—A)(5j oo (4.5¢)
r r r r

where the parameter A must be fixed by the use of the interior solution. It is worth to mention that no additional
parameter arises by the use of general relativity.

Numerical methods are used to get the solutions in the exterior of the body for different parameters A. For
small values &(<107) the solutions (4.5) are used and for increasing & the system of differential equations
(4.4) is numerically solved.

There are different types of solutions:
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1) regular solutions, i.e. for all & >0 the functions f, g and h exist and are positive. This is in particular the
case for A>0.2.

2) singular solutions, i.e. there exist a critical value & =— depending on A such that f, g and h do not exist
r

c

or vanish for & =—. This is the case for all negative values and for small positive values of A. It is worth to
r

C
mention that this singularity arises at the Euclidean distance r. from the centre of the body. It is real and not a
property of the coordinate system as by the use of the general theory of relativity which implies an event hori-
zon.
All these results can be found in the article [3] and in the book [4].

5. Study of Singular Solutions

We will now study the solutions in case (2) in the neighbourhood of &, i.e. &<¢& . We start from (4.4) and we
get for the essential part of the solutions near & :

f. a 9. B h Y

— = , — & L= (5.1)
f éc _§ g gc _é h gc _5
With suitable constants «, 3, . This gives near the singularity
fefo e P ha S0 52)
(éc _é':) (é':c _5) (gc _é:)
with positive constant Ag, Bo, Co. We get by the substitution of (5.1) and (5.2) into the Equation (4.4c)
Y Co " 1
zZBO AN T B2
S ¢ A (&)
implying
12
ﬂ+(7/ 9 _y, 7:230(&J >0. (5.33)
2 A
The differential Equation (4.4b) gives by (5.1) and (5.2)
p-a<l (5.3b)
without fixing . The same method yields by the use of (4.4a)
1,1,
==y _Zq%_ By, 5.3c
a=7r =g by (5.3¢)
The relations (5.3a) and (5.3c) imply
1+38° -4 -2af=0.
Hence we have
(1+38°-4p)
L#0, a=————~, y=(1-5%)/(28). (5.4)
It follows from (5.4) that the inequality (5.3b) is fulfilled for
0<pB<1. (5.5)
This inequality is in agreement with (5.4) and y > 0.
Summarizing, we have
12
1-34)(1- -p?
az( 8)( ﬁ), 7=1 B =280(&j . 0<f<l. (5.6)
2p 2p A

)
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Hence,  and y are always positive whereas « is positive for 0< 8 <1/3 and negative for 1/3< g <1.
The absolute radial velocity of light |v,| is near the critical value &

12
f 1-
|=c /F~c(%J (& -¢£)" >0
for £ ¢, .

We get by the use of (5.2) and (5.5) that the solution cannot be continued to & > &, . Hence, static, spherically

symmetric bodies with radius r, <—=r_, do not exist. This is quite different to the results of general relativity

Cc
C

but in analogy to Rosen’s biometric theory of gravitation [8].
We will now study a spherically symmetric body with radius r, .

We get from the relations (5.1) and (5.2) by the use of (4.3) for r >,
f f 45

_r

Cam T g

2 gr _ 4ﬂ K 57b
rg\/ﬁgﬁl—ﬂz 4 70

f h 4p
r’——-—r 5 -—"_Ky. 5.7c
N (5.7¢)
Therefore, it follows from (5.7) for r —r, with (4.2)
g |, _8k(M +3P) (1+5* - B)
=L +3 5 -
g\/7 h c 1-p

Hence, relation (3.8) yields for r =r, by the use of (3.5), (3.7a) and the assumption that the energy of the
gravitational field is non-negative

Ka , (573.)

k(M +3P)(1+8°-8) . kP kP
— Ty B[ r* (-T(G); )dr 2> 2 (5.8)
It follows from (5.8)
2
(M + 3P)1+1ﬂ—_zﬂ <3P
We get from this inequality
M (1-p+B°)<3PB(1-2p). (5.9)

The condition P = 0 implies that the mass M = 0 by virtue of 0< £ <1. Furthermore, relation (5.9) gives
(M-P)(1-p+p8°)<-P(1-45+78°)<0

implying
M<P. (5.10)

The equation of state

gives

in contradiction to (5.10).
Hence, there exists no static, spherically symmetric body with Euclidean radius r, =r,, i.e. every static,
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spherically symmetric body has a radius r, >r,.

Summarizing, we can state that static, spherically symmetric bodies have no singular solutions. There exists
no event horizon, i.e. black holes do not exist.

This result is in agreement with quantum mechanics in contrast to black holes of the general theory of relativ-
ity.

The differential equations for a collapsing, spherically symmetric body are given in Chapter Il of the book
[4]. The final state of the solution of these equations cannot be a black hole but a solution of these equations is
not known.
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