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Abstract

In the framework of general relativity the new model of a black hole was presented. A des-
cription of the gravitational field under the event horizon became possible when modifica-
tions of previously known concepts appeared. The black hole is a homogeneous ball with a ra-
dius smaller than the Schwarzschild radius, but not less than half the Schwarzschild radius.
Equations describing gravitational acceleration inside a black hole correspond to Gaussian
gravitational law. The gravitational acceleration outside the black hole is directed from its
center. At distances from the center larger than the Schwarzschild radius, gravitational accele-
ration is directed to the center.
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01. Introduction

A description of the gravitational field under the event horizon became possible when modifi-
cations of previously known concepts appeared.

1. Scalar (dot) product [3]

If we want to get local basis vectors with real values in physical spacetime, then we need to
adopt new relation between those vectors and components of a metric tensor.

e, -e,=—(sgnds’)g,, >0, (dsf =0, (nv=1234).

It causes a necessity to change a definition of scalar (dot) product and associated terms. Those
changes, forced by physics, will cause only small complications of some formulas.

In cases when

(ds)) <0 and g, 20,

above modifications do not lead to any changes, because we have then
e e =g >0.

The scalar (dot) product of vectors A =A"e, and B =A'e, is the expression
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A-B=A'B'e, e,

taking into account that

e, -e,=—(sgnds’)g,, 20, (ds)=0, (wv=1234),
we get

A-B=—(sgnds’)g, A"B" .

2. Four-dimensional equations of test particle motion [3]
Components of the four-acceleration of a test particle with mass (m) at a given point of cur-
ved Riemann spacetime are described by equations:

T L, 2\ of dx* ~ dx* dx" 5 N )
— =35, = (sgn ds )c 5 + kI, 3 _d , ds :gwdx“dx #0, (sgn ds )g“V <0,
S s ds

where

(1~7°‘) — components of the resultant four-force, with ommision of ,,gravitational” and ,,iner-
tial” forces,
(g,,) — components of the spacetime metric tensor (which are the solutions of the field equ-

ations),
~ {+ 1 outside of a mass source

—1 inside of a mass source

3. Two-potentiality of the gravitational field [3, 5, 8]

From classical physics we know, that absolute value of gravitational field strength in center of
homogeneous ball (that has constant density) is equal to zero. Together with growth of distan-
ce from the center — strength grows linearly, reaching its maximal value on the surface of
a ball. With further growth of distance — it decreases inversely squared.

If we want to get the same result, within the frames of Einstein’s general theory of relativity,
then we have to notice that stationary gravitational field is a two-potential field.

%0, rotE=0 . E" = gradp” =~ kgradg”, 0<r<R, limg" =0
rot gradg =0 E™ = - grade®™ = —kgradp™, r>R, lim ™ =0
E"=—2nGpr, o"=-2nGprt, Er--SM gn G
3 3 r .

On the surface of a ball, we have
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in _ eszM’ Ein_Eex=O’
2R

where

(E™), (E™) — gravitational field strenght respectively inside and outside of a ball,
(™), (¢=*) — gravitational field potential respectively inside and outside of a ball,
(M) — mass ofaball, (R) — radius ofaball, (p) — density of a ball,

~ {+ 1 outside of a mass source

—1 inside of a mass source

4. Relativistic energies: resting, kinetic and total [3, 9, 11, 12]
Rest energy (E, ), relativistic kinetic energy (E, ) and relativistic total energy (E) are given

respectively by:

Y= (1 —vic™? )_5 ,

(y) — Lorentz factor,

(m) — mass (resting),

(v) — tree-dimensional speed,

(¢) — maximum value of signal propagation speed.

5. Energy-momentum tensor [3, 11]
The energy-momentum (momentum-energy) tensor has the form

T, =-kpc’g,, T,=0, (epv=1234; p=v) 05<k<l
6. Gravity field equations [1, 3, 4, 10, 11, 13]
The equations of the gravitational field

1 2
R, = —K(Taﬁ - gaBTj k=" 07301005
2 C kg-m

we will write in a different form.
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Taking into account that

2 2.:. 2 oo 1
gn = > Bp =T, g33=rsm0, g = >
a4 Lo

df 4

1
Too ==kpC'gy, T=2 8" T, =—4pc’, T, —-g,T=kecg,,
o=l

R12:R21:R13:Rsl:R14:R41:st:R32:R24:R42:R34:R43:Oa

82
R, (1o, 108
gu\r or 2 or

og
R, =-1+g, +r—=%
2 a4 or

. og
R., =sin’0| —1+g, +r—=% |,
33 ( 84 o ]

10g,, 102,
R44=g44[; 8;4 +2_ |’

we get

81G

4 b
C

R, =-kkpc’g,,, R, =0, (wpv=1234 p=v) k= 0.5<k<l

uv

7. Schwarzschild external (vacuum) solution and anti-gravity [14]
Precise external (vacuum) solution of gravitational field equations was served in 1916 by Carl
Schwarzschild (1873-1916):

g44=i=l—r—s, r>R

g1 r

M

where

(M) — mass of a homogeneous ball with constant density,
(R) — radius of a ball,

2GM
Iy =——— — Schwarzschild radius.
c

Anti-gravity is hidden in this solution.

It is easy to see that, for r > 1g sign of quadratic differential form of spacetime

(ds)2 = gll(dr)2 + g44(dX4)2

is negative, and for r <1y this sign is positive.
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8. Speed of light in the gravitational field [3, 7, 11]
If the source of the field is a mass uniformly distributed in the ball area, the spacetime metric
has the form

(ds) = g,,(dr) +r*(d6) +r’sin’0 (do) + g44(dx4)z, x* =ict

1 )
gu=—, gnp=r, gy=r'sin’0, g'=— g?=—/ g'=—\ g¥=—"m
a4 21 g» 233 84

This metric, for

O=const, d6=0, ¢=const, do=0,

reduces itself to

(ds) = g,,(dr) —g,,c*(dt) .

We will designate speed (viign) of light propagation in virtual vacuum tunnel from condition
(ds)f =0

or equivalent

2 dr ’ 2 2 2
Viight = g =cC (g44) sch.

9. Photon energy in the gravitational field [3]

We assume that energy of photon depends on a point in spacetime, where that photon was
emitted and it stays constant during the movement. It means that photons have ,,memory”, or
more scholarly — energy of photon is invariant. Wherein, in stronger gravitational field, given
source should send photons with lower energy than the same source in weaker gravitational
field.

Photon energy, emitted in certain point of spacetime, is given by equation:

E= |g44| Emax s

where

(E,.x) — photon energy emitted in nondeformed spacetime,

(g,,) — time-time component of metric tensor in photon’s emission point.

10. Redshift [3, 6, 11]
The redshift (z") of light reaching Earth (among others) from distant galaxies is defined
below.
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E
Z* — __lab -1 ,
Eout
where

out

lab
Elab = g44 Emax ’ Eout = g44 Emax ’
(E,,) — photon energy emitted from a source that is in laboratory,
(E,,.) — photon energy emitted from a source that is outside laboratory,

(E,.x) — photon energy emitted from a source in the absence of gravitational field,

(gi) — time-time component of metric tensor in laboratory in a place of photon detection,

out

(gj, ) — time-time component of metric tensor outside of laboratory in a place of photon
emission.

02. Black hole
Black hole is a homogeneous ball with mass (M) and radius (R) smaller than the Schwarz-
schild radius (rs), but not less than half the Schwarzschild radius:

2GM

0.5y <R<rg=—3—, R=kg, 05<k<I,
c

where (c) is maximum value of signal propagation speed, (G) — gravitational constant.
03. Energy density in the area of the black hole
According to General Relativity, spacetime metric is determined by the spatial density distri-

bution of all energies (including mass equivalent energy) [10].

For the rest energy (Eo) of the ball with mass (M), volume (V), density (p) and radius (R) we
will assume the expression [3, 9, 11, 12]:

1 >
E, =—pVc .
029

A homogeneous ball resting energy density (go) is:
g, =0.5pc” .

We will generally assume for energy density (¢) that
0.5pc’> <e<pc’, e=kpc’, 05<k<l1.

04. Spacetime metric under and above the event horizon
Spacetime metric under and above the event horizon, when the source of the gravitational
field is a black hole, can be described by equations [11, 13]:

Raa:—]{kpczgm, R =0, (0,,},[,\/:1,2,3,4; },li\/), K=8nG, 0.5<k<l1

uv 4
C
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NOTE
All mixed components of Ricci tensor are identically equal to zero. Set of remaining equ-
ations can be reduced to only two independent ones.

084y T 82g44 2
+— =—«xkpc’r
Rll = Kkpczgn N or 2 8r2 P

R,, =—«kpc?
2 Pe B2 —1+g44+ra§;‘4 :—Kkpc2r2

Spacetime described by above equations, in which every component of Ricci tensor is pro-
portional to adequate component of metric tensor is an Einstein’s space [13].

These equations are fulfilled when

2
K 0 gs<k<l,
R

0<r<R, p=const>0, g44=1__R2 ,

r>R, p=0, g44:1—r—s, r#1y.
r

0S. Exterior Schwarzschild metric
Spacetime metric outside mass source (r >R, p=0) is being described by exterior Schwarz-

schild metric [14]:

r T C2

-1
(ds) = (1 —r—sj (dr)’ +1*(d6)’ +r’sin®0 (do)’ + (1 —r—sj(dx4)2, xt=ict, r#rg= 26M .

06. Speed of light propagation and exterior Schwarzschild metric
Exterior Schwarzschild metric, for

O=const, d0=0, ¢=const, do=0,

reduces itself to [3, 7, 11]

r r

-1
(ds) = (1 —r—Sj (dr)’ —(1 _r_sj c(dt).
We designate speed (Viing) of light propagation from condition
(dsf =0

or equivalent

dr)’ r. )
O<Vﬁght:[aj =C2(1—?Sj <c’.
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limvy, =c, limvy, =0, lmv,, =c.

r—0.5rg r—rg r—>o

Note that

dr)’ ) 1
O0<|—| Sc’|&|rz2—1, T#I1]|.
dt 2

It means that exterior Schwarzschild metric is correct if and only if
1
r> Ers, r#1.

07. Gravitational acceleration of free fall outside mass source
We will designate radial component of gravitational acceleration of free falling test particle by
equation of motion [3, 11]:

_ 4 4
=7 =_k(sgndsz)c2 (Fh%.%ﬁ-rh%-%], r#I1g, (ds)2 #0.

Taking into account, that

I 2GM ~
gu=1-=, rx="5—, k=+1,
r C
1 Og ) GM 1 og ) GM
Il == o4 _ _ 11— . , Il =— Mo 1= ==,
! 2g,, oOr ( rj c’r’ * 2g44 0 r) c’r’
IREREIE
r ds r ds )’

we get

2

=3 =k © 084 _ GM
a —al—k(sgndsz) 5 a;“‘ —(sgndsz)

I,2

Physical (true) component of gravitational acceleration of free fall

df
A" =/ (sgn ds’ ign a,

where

-1
I
grr :gll :( __Sj H
T

finally can be saved in the form:
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a' =1/—isgn ds’ ign (sgn dsz) G12\/1 :

r

08. Gravity and anti-gravity
Above equation has interesting physical interpretation. For r > 1 it describes gravity and for

%rs <r <1y —anti-gravity [3, 11].

Gravity

-1
I'>I'S:2S—2M’ grr:( _r?Sj >03 (dS)2<0, ér:—GM. 1

Anti-gravity

-1
%TSSI'<I'S:2(C}—2M, grr:(l_r?sj <Ov (dS)2>O, ér:"'GM' 1

09. Main hypothesis
Anti-gravity works in such a way that free test particle located in external gravitational field
in certain area gets acceleration directed from the center of that mass source [3, 11].

In areas, where In areas, where
2,20, (ds)f<0, (nv=1234), g,<0, (ds)f>0, (nv=1234),
graviy occurs. anti-graviy occurs.

10. Spacetime metric inside mass source
Spacetime metric inside mass source (0 <r <R, p=const >0) is given by [3, 7, 11]:

(ds) = g,,(dr)’ +r*(dO) +r*sin’0 (do)’ + g44(dx4)2 ,
where

. 1
x*=ict, g, ,=—, gu== RE 0.5<k<l, rS=2G2M.

44 Y

11. Speed of light propagation in virtual vacuum tunnel that is inside black hole
Spacetime metric inside black hole, for

O=const, d0=0, ¢=const, de=0, R=kr, 05<k<l,
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reduces itself to the form [3, 7, 11]:

1 2
(ds)2 - gll(dr)2 _g4402(dt)2 s BuT > 8u=1 _% .

44

We will designate speed (viign) of light propagation in virtual vacuum tunnel from condition
(ds)f =0

or equivalent

dr’ r’ ’
O<Vﬁght:(a] :Cz[l—F] SCZ.

limvy, =c, limvy, =0.
r—0 r—R

Notice that
R=kr, 05<k<l, O<vp, <c’.

It means that spacetime metric inside black hole is correct if and only if
1

—1,<R<r1, r<R.

2

12. Gravitational acceleration of free fall inside black hole with anti-gravity halo

Radial component of gravitational acceleration of freely falling test particle inside virtual va-
cuum tunnel, which is located inside black hole with anti-gravity halo, we will get from equa-
tion of motion [3, 11]

Ldr dr o, dx* odx?

Nr:"’l:_iz d2 2 F _—— 4 —_—
e (sgn ; )C ( "ds ds ™ ds ds

], 0<r<R, (ds)2¢0.

Taking into account, that

E:—l, sgnds® =—1, R=kg, 05<k<l, rszszM,
c
2
1 og 1 Og r’ LfdrY dx*
R T o S R P PP N
11 28, or 44 2g44 or 84 R’ 84 ds a4 ds
we get
2 2 2
2" =k (sgn ds’ Su _ RF(sends?)r=—""t

10
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Physical (true) component of gravitational acceleration of free fall

df
A 2 ~
a'=4/— isgn ds ign a’,

where

in the end, can be written in the form:

2

ér:—E(sgndsz) —(sgnds’)g., %r:——r-—.

13. Graphic analysis of the full solution
Time-time component of metric tensor and physical (true) component of gravitational accele-
ration of free fall, in three distance intervals from the center of black hole, are given by below

relations.

GRAVITY

2 2
r ar c 1
osreRok, ma=(1-k )0, ¥ o
x
ANTI-GRAVITY
kry,=R<r<r, g44=(1—r—sj<0, ar:+G1:/[. !
T T rS
5
r
GRAVITY
R M 1
r>1, g44=( _r_s)>09 rZ—G .
f _5
r
Y S
a | I
i R = 0.5t
GM /o
sl fainl et ph ettt
r
r
0

e —— e - —

11
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Above we presented charts of dependence of radial component (a') of physical (true)

gravitational acceleration of free fall on the distance (r) from the center of black hole with
anti-gravity halo.

From the charts we can see that:

0<r<R=k-r; = gravity,

r=R=k-r; = transition from gravity to anti-gravity,
k-ry,=R <r<ry, = anti-gravity,

r=r;, = transition from anti-gravity to gravity,

r>r, = gravity.

Anti-gravity halo thickness is half the Schwarzschild radius. Gravity and anti-gravity has
layer-like nature.

GRAVITY

ANTI-GRAVITY

NOTE

For € =pc’, k = 1 it is impossible to black hole formation, and thus the appearance of anti-
gravity.

14. Radius and density of the black hole
The radius and density of the black hole will be determined using the following relations

R=kg, 05<k<l,

r_2GM
S C2 b
4 5
M=p| —nR’ |,
p(s j
K_87IG
¢t

As a result we get:

12
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2

23 ¢
k 8nGp’
Rzzi. 1
k c’xp’
N ER
k cqfxp
3 1
P=""c 57>
k 8nGR
N
P k c¢*kR?
3 1
p=— 5
k 8nGR
N
P k c*kR?

15. Final remarks

The use of the traditional relation for resting energy density |, = pc’| does not describe

a black hole, and even more so a phenomenon of anti-gravity.

The model of the rotating black hole that I propose (apart from the name) has little to do with
the commonly accepted models of this object.

Points 9 and 10 from the introduction were used in [3] to explain, among others, in the frame-
work the black-hole model of the Universe

A. a non-linear rapid increase in the redshift of light reaching the Earth from very distant so-
urces such as galaxies,

B. existence of a distance from Earth, where redshift changes the sign from negative to positi-
ve.

16. Propositions

[ propose calling the fourth order mixed curvature tensor Ry, as Grossmann curvature ten-

v

sor. The concept of mixed tensor was first introduced by Marcel Grossmann (1878-1936)
when considering the curvature of spacetime [2].

Below, we recall the known theorems about flatness and curvature of space [10].

Space is flat if and only if all the components of the tensor R, are zero.

A%

03

puv 18 different

Space is curved if and only if at least one of the components of the tensor R

from zero.

13
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