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Abstract

In a recent article we have corrected the traditional derivation of the Schwarz-
schild metric when the cosmological constant is equal to zero, thus obtaining
the formulation of the correct Schwarzschild metric when the cosmological
constant is equal to zero, which formulation is different from that of the tra-
ditional Schwarzschild metric when the cosmological constant is equal to zero.
Then, in another article by starting from this correct Schwarzschild metric
when the cosmological constant is equal to zero, we have corrected also the
Reissner-Nordstrom, Kerr and Kerr-Newman metrics when the cosmological
constant is equal to zero. In this article, by starting from these correct Schwarz-
schild, Reissner-Nordstrom, Kerr and Kerr-Newman metrics when the cos-
mological constant is equal to zero, we obtain the formulations of the correct
Schwarzschild, Reissner-Nordstrem, Kerr and Kerr-Newman metrics when
the cosmological constant is greater than zero. Moreover, we analyse these
correct results and their consequences. Finally, we propose some possible cru-
cial experiments between the commonly accepted theory and the same theory
corrected according to this article.

Keywords

General Theory of Relativity, Schwarzschild, Reissner-Nordstrem, Kerr,
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1. Introduction

In a recent article [1], we have corrected the traditional derivation of the Schwarz-

schild metric when the cosmological constant is equal to zero, thus obtaining the
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formulation of the correct Schwarzschild metric when the cosmological constant
is equal to zero, which formulation is different from that of the traditional
Schwarzschild metric when the cosmological constant is equal to zero.

Then, in another article [2] by starting from this correct Schwarzschild metric
when the cosmological constant is equal to zero, we have corrected also the Reiss-
ner-Nordstrem, Kerr and Kerr-Newman metrics when the cosmological constant
is equal to zero.

Now, in this article, by starting from these correct Schwarzschild, Reissner-
Nordstrem, Kerr and Kerr-Newman metrics when the cosmological constant is
equal to zero, we want to obtain the formulations of the correct Schwarzschild,
Reissner-Nordstrom, Kerr and Kerr-Newman metrics when the cosmological
constant is greater than zero.

Moreover, we will analyse these results and their consequences.

Finally, we will see the experimental prospects, proposing in particular some
possible crucial experiments between the commonly accepted theory and the same

theory corrected according to this article.

2. The Correct Schwarzschild Solution When the
Cosmological Constant Is Equal to Zero

In this article all the formulas are expressed with the velocity of light ¢ =1, unless
otherwise indicated.

As for the Schwarzschild solution, that is the solution that represents the curved
space-time geometry surrounding a spherically symmetric mass distribution, we
have that the commonly used expression when the cosmological constant is equal

to zero is [3]:

r _6M
r

ds? :[1_ 2GM ]dtz— 1 Ldr? —rid6? - rsint ody? (1)
1

where M is (a constant, which is equal to) the total mass of the system.

In the (1) there is a singularity (event horizon) when r=2GM .

But the expression (1) is erroneous: in fact, as we have shown in [1], when the
cosmological constant is equal to zero the correct Schwarzschild solution ex-
pressed as the formally flat metric in the commonly used coordinates
(ds® =dt* —dr? —r?d#* —r?sin® @d¢® ), which metric is expressed as a function of
the coordinates curved for expressing the gravitational field as the curvature of

the space-time, is:

ds? =(1+ Z?M jdtg - 216M dr? —r?d6; —r?sin’ 6,de; (2)
9 1+

Ty

where M is (a constant, which is equal to) the total mass of the system, and ty,
r., 6

9’ Yg°’
frame that is integral with a space-time curved for expressing the gravitational

¢, are the space-time coordinates measured relatively to a reference
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field as the curvature of the space-time. In other words, this equation (2) is ex-
pressed in curved coordinates.

We can note that in the (2) the coefficient of dt; is always greater than one
(except in the case where there is no gravitational field, in which case this coeffi-
cient is equal to one), and the more intense the gravitational field is, the greater
this coefficient is. We have already shown in [1] that this is a sign that the coordi-
nates are curved and is closely related to the fact that the clocks in a gravitational
field run more slowly.

On the other hand, we have also shown in [1] that, when the cosmological con-
stant is equal to zero, the correct Schwarzschild solution expressed as the formally
flat metric in the curved coordinates, which metric is expressed as a function of

the commonly used coordinates, is:

ds? :ﬁdtz _{1+ 2?'\" jdrz ~r2d6° - rsin’ 0dg’ 3)
1+ 9

Ty

where dsg is a metric formally flat in the curved coordinates (that is,
dsj =dt} —dr; —r7d6; —r7sin® 6,dgp).

Obviously, r (or r,) is always greater than zero since the Schwarzschild so-
lution when the cosmological constant is equal to zero is a solution for vacuum
region surrounding a spherically symmetric mass distribution.

As for the relation between r and r, we have [1]:

1

2 _ 2
dr =—&m dr; (4)
1+
Iy
From which, we have:
r? 2 g 1 2
jo dr _J'O —air % (5)
1+

From which, we have:

. 2rdr,
rz :Jg g-'g (6)
0 T +2GM
From which, we have [1]:
r
r’=r?—4GMr, +8G’M?In| 1+ —2 (7)
9 ¢ 2GM

According to the (7) for r; — 0" also r—0" and for r, =+ also
I — +o00. Moreover, as r, increases, r also increases as can be seen by differ-
entiating the right side of the (7) with respect to r, or directly from the (6). On
the other side, for any value of r, >0 wehavethat r<r,,ascan be seen directly
from the (5).

Furthermore, for r,>2GM we have that r= r [l— 2GM

Ty

] and also
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r, = r(1+ ﬂ] This implies that for <1 the presence of r, instead
r

of r in the (3) implies only corrections to the second order in

r3
On the other hand, for r, <« 2GM we have r2=—% .
g 3GM

We can note that we have not any singularity in the correct expressions (2) and

(3) for any value of r >0 and of r,>0. Consequently, we can infer that there
is not any event horizon and therefore there is not any black hole [3] [4].

In particular, the coefficients of dt® in (3) and of dt; in (2) are always >0,
while the coefficients of dr? in (3) and of dl‘g2 in (2) are always <0. Therefore
since the coefficients of dt’ in (3) and of dt; in (2) are always not negative the
time (that is, the temporal coordinate) does not become in any case as a spatial
coordinate, contrary to the common treatment of the space-time inside the event
horizon [3] [4]. Moreover, since the coefficients of dr? in (3) and of dl’g2 in (2)
are always not positive, also here the spatial coordinate r (or Iy ) does not be-
come in any case as a temporal coordinate, contrary to the common treatment of
the space-time inside the event horizon [3] [4].

Therefore, the light cones are always orientated in the usual way, in particular
there is not any horizontal inclination of the light cones, contrary to the common
treatment of the space-time inside the event horizon [3] [4].

As we have already shown in [1], the formula of the correct ratio between the

times when they are measured in two different positions in this case is:

(8

Therefore in this case we have that in the presence of a gravitational field the
clocks go more slowly (that is, that the measurements of time relatively to a refer-
ence frame that is integral with a space-time curved for expressing the presence of
a gravitational field flow more slowly). And the more intense the gravitational
field is, the more slowly the clocks go (that is, the measurements of time relatively
to a reference frame that is integral with a space-time curved for expressing the
presence of a more intense gravitational field flow more slowly than the measure-
ments of time relatively to a reference frame that is integral with a space-time
curved for expressing the presence of a less intense gravitational field).

Analogously, as we have already shown in [1], the correct ratio of the relative

frequencies v, =1/dt;, and v, =1/dt;, is:

n

)

This is the correct formula for the gravitational redshift of light in the correct
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Schwarzschild metric when the cosmological constant is equal to zero. Therefore,
in this case the gravitational redshift is always not infinite for any value of r >0
and of r, >0.

We can note that the two correct formulas (8) and (9) are different from those
that can be obtained from the incorrect expression of the Schwarzschild solution

when the cosmological constant is equal to zero by means of an incorrect procedure

2GM
[1] [3], but are equal at the first order in (to the incorrect formulas). In

fact, in this case the incorrect formulas analogous of the two correct formulas (8)

and (9) are respectively [1] [3]:

(10)

(11)

As we have already noted in [1], the light formally moves in a straight line rel-
ative to the reference system curved for expressing the presence of the gravita-
tional field. Therefore, we can impose the condition dSé =0 for the propagation
of light. Consequently from the (3) if we take a radial motion of the light in the
commonly used coordinates (d6 =0 and dg=0) we have:

1 2GM
Wdtz —(1+ - Jdr2 =0 (12)

Ty

From which we have that the correct radial velocity of light in the commonly
used coordinates is equal to [1] [3]:
N 0

dt 14 2GM

Ty

We can note that the correct radial velocity of light in the commonly used co-
ordinates is always <1, and is equal to 1 only when there is not a gravitational field.
Moreover this formula is in agreement with the available experimental data [3].

On the other hand, by using the incorrect formula (1), we obtain that the in-
correct radial velocity of light in the commonly used coordinates is equal to [3]:

dr 2GM
v, =—=1-
dt r

(14)

3. The Correct Schwarzschild Solution When the
Cosmological Constant Is Greater than Zero

When the cosmological constant A is greater than zero (instead of being equal to
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zero), the Einstein’s field equation in vacuum, as H. C. Ohanian, R. Ruffini and S.
Weinberg state [3] [5], is:
1
Ryv _EgpvR:_Ag‘uv (15)

instead of:
R ——1 R=0
uv 2 g/zv ( 16)

Consequently, when the cosmological constant A is greater than zero, the com-

monly used Schwarzschild solution is [3]:

(17)
—r’d@* —r?sin’ 0d¢p’

where M is (a constant, which is equal to) the total mass of the system.
C

Because A is very small there is a range of radii (in cgs units, ﬂ <r<——=)

c JA
in which the space-time geometry is nearly flat. At the lower end of this range, the
effect of the mass M dominates; at the upper end of this range, the effect of the
cosmological term dominates. Moreover, in the Newtonian approximation the

Newtonian potential becomes [3]:

GM A,
=r

S 18
r 6 (18)
In the (17) there are singularities (event horizons) when:
2
- 2CM AT, (19)
r 3

On the other hand, from the (17), by analogy with the derivation of the correct
Schwarzschild solution when A =0 [1], we can infer that the correct Schwarz-
schild solution expressed as the formally flat metric in the commonly used coor-
dinates (ds® =dt* —dr® —r°d@* —r?sin’@dg’ ), which metric is expressed as a
function of the coordinates curved for expressing the gravitational field as the cur-
vature of the space-time, when A >0 isequal to:

2

Ar,
dszz(uﬁﬁjmg_;ﬁdg
r I
9 1+2(37M+7g
r 3

g

(20)
2 2 2 ain? 2
—r,d6; —rysin” 6,dg,

where M is (a constant, which is equal to) the total mass of the system, and t_,
r,» ,, ¢, are the space-time coordinates measured relatively to a reference
frame that is integral with a space-time curved for expressing the gravitational
field as the curvature of the space-time. In other words, this Equation (20) is ex-

pressed in curved coordinates.
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2
+—2 instead of
r 3 r

GM

Therefore, when A >0 we have , in the cor-

rect formulas.

Moreover, we can note that in the (20) the coefficient of dts is always greater
than one (except in the case where there is no gravitational field, in which case
this coefficient is equal to one), and the more intense the gravitational field is, the
greater this coefficient is. We have already shown in [1] that this is a sign that the
coordinates are curved and is closely related to the fact that the clocks in a gravi-
tational field run more slowly.

Analogously to our treatment of the correct Schwarzschild solution when the
cosmological constant is equal to zero [1] we can express the correct Schwarz-
schild solution, when the cosmological constant is greater than zero, as the for-
mally flat metric in the curved coordinates, which metric is expressed as a function
of the commonly used coordinates. In this case we have:

Ar?
gL ge[1,28M A
1+QGM_+A5 r 3

I 3

—r’d@® —r?sin’ @dgp’

(21)

where dsg is a metric formally flat in the curved coordinates (that is,

2 _ y2 2 2092 L2602 2
ds, =dt; —dr; —r;dg; —r;/sin"g,dg;).

Obviously, also here, r (or r,) isalways greater than zero since the Schwarz-
schild solution when the cosmological constant is greater than zero is a solution
for vacuum region surrounding a spherically symmetric mass distribution.

As for the relation between r and r, we have:

TG —; (22)
2GM Ay
1+ +—
Iy
From which, we have:
2 2
[ dr? :j@;zdr; (23)
0 0 2GM  Ary
1+ +—
r 3
From which, we have:
2
6r,dr,

R Ty (24)
3r, +6GM + Ay

According to the (24) for 1, -0 also r—0" and for r, =+ also
r —+o0. Moreover, as r, increases, r also increases, as we can see directly
from the (24). On the other side, for any value of r; >0 we have that r<r,as
we can see directly from the (23).

For r, not too large we have that the (24) is practically equal to the analogous
formula with A =0 [1], also because we know that the cosmological constant is

very small.
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Instead for r; —+oo we have that the term with the cosmological constant
dominates. In this case from the (24) we have:
2
rzzj'f%z%ln(rg) (25)
g

Also in this case, as in that of the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1], we have not any singularity in the correct
expressions (20) and (21) for any value of r>0 (or of r, > 0). Consequently
we can infer that also here there is not any event horizon and therefore there is
not any black hole [3] [4].

In particular, also here in the (20) and in the (21) the coefficients of dt: and
of dt* are always >0, therefore since the coefficients of dt; and of dt® are al-
ways not negative the time (that is, the temporal coordinate) does not become in
any case as a spatial coordinate, contrary to the common treatment of the space-
time inside the event horizon [3] [4]. Moreover, since in the (20) and in the (21)
the coefficients of drg2 and of dr? are always not positive, also here the spatial
coordinate does not become in any case as a temporal coordinate, contrary to the
common treatment of the space-time inside the event horizon [3] [4].

Therefore, also here the light cones are always orientated in the usual way, in
particular there is not any horizontal inclination of the light cones, contrary to the
common treatment of the space-time inside the event horizon [3] [4].

In this case the formula (8) of the correct ratio between the times when they are

measured in two different positions becomes:

(26)

Therefore also in this case we have that in the presence of a gravitational field
the clocks go more slowly (that is, that the measurements of time relatively to a
reference frame that is integral with a space-time curved for expressing the pres-
ence of a gravitational field flow more slowly). And the more intense the gravita-
tional field is, the more slowly the clocks go (that is, the measurements of time
relatively to a reference frame that is integral with a space-time curved for express-
ing the presence of a more intense gravitational field flow more slowly than the
measurements of time relatively to a reference frame that is integral with a space-
time curved for expressing the presence of a less intense gravitational field).

While (in this case) the formula (9) of the correct ratio of the relative frequen-

cies v, =1/dt;, and v, =1/dt;, becomes:

(27)
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This is the correct formula for the gravitational redshift of light in this case.
Therefore, also here the gravitational redshift is always not infinite for any value
of r,>0 (or of r>0), as in the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1].

We can note that the two correct formulas (26) and (27) are different from those
that can be obtained from the incorrect expression of the Schwarzschild solution
when the cosmological constant is greater than zero by means of an incorrect pro-
cedure [1] [3]. In particular, in this case the incorrect formulas analogous of the

two correct formulas (26) and (27) are respectively:

(28)

(29)

In this case the formula (13) of the correct radial velocity of light in the com-
monly used coordinates [1] [3] becomes:

Vi = & ;z

. 1+ 26M + A%

(30)

Ty
We can note that, also here, the correct radial velocity of light in the commonly
used coordinates is always <1, and is equal to 1 only when there is not a gravita-
tional field.
Instead in this case the formula (14) of the incorrect radial velocity of light in
the commonly used coordinates [3] becomes:
_dr_, 2GM Ar?

V, =—= 31
't r 3 (1)

4. The Correct Reissner-Nordstrgm Solution When the
Cosmological Constant Is Equal to Zero

As for the Reissner-Nordstrom solution [3] [4], that is the solution that represents
the curved space-time geometry surrounding an electrically charged mass, we
have that the commonly used expressions for the space-time interval and the elec-

tric field, when the cosmological constant is equal to zero, are respectively [3]:

2
ds? :[1_ 26M | GQ Jdtz— 2GIVI1 o
R o
r r
—r’d@* —r’sin® dg’
and:
DOI: 10.4236/jmp.2025.163024 449 Journal of Modern Physics


https://doi.org/10.4236/jmp.2025.163024

C. M. Pace

where M and Q are two constants: M is the total mass of the system and
Q is the total electric charge of the system.
In the (32) there are singularities (event horizons) when:

2
- 2M B9 g (34)
r r
that is, when:
r’—2GMr+GQ* =0 (35)

or, better yet, when:

r=GM +./G*M? -GQ’ (36)

Obviously there are real singularities (event horizons) only when
G*M?*-GQ*>0.

But the expression (32) is erroneous: in fact, by means of the fact thatfor Q=0
the correct Reissner-Nordstrom solution when the cosmological constant is equal
to zero must be equal to the correct Schwarzschild solution when the cosmological
constant is equal to zero, we can infer, as we have already noted in [2], that, when
the cosmological constant is equal to zero, the correct Reissner-Nordstrem solu-
tion expressed as the formally flat metric in the commonly used coordinates
(ds? =dt® —dr? —r?d#* —r?sin® @d¢? ), which metric is expressed as a function of
the coordinates curved for expressing the gravitational field as the curvature of

the space-time, is:

2
ds? =14 2M O ye g
oo 2GM |, GQ
1+ —+ (37)
r r’
9 ]

2 2 2 cin? 2
—1,d6; —r, sin” 6,dg;

where M and Q are two constants: M is the total mass of the system and
Q is the total electric charge of the system. Moreover t,, r,, 6,, ¢, arethe
space-time coordinates measured relatively to a reference frame that is integral
with a space-time curved for expressing the gravitational field as the curvature of
the space-time. In other words, this equation (37) is expressed in curved coordi-
nates.

We can note that in the (37) the coefficient of d'[g2 is always greater than one
(except in the case where there is no gravitational field, in which case this coeffi-
cient is equal to one), and the more intense the gravitational field is, the greater
this coefficient is. We have already shown in [1] that this is a sign that the coordi-
nates are curved and is closely related to the fact that the clocks in a gravitational
field run more slowly.

Analogously to the case of the Schwarzschild metric when the cosmological

constant is equal to zero [1], we can write also in this case the formally flat metric
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in the curved coordinates, which metric is expressed as a function of the com-

monly used coordinates. In this case we have [2]:

2
dsg :;zdt2 -1+ 2GM + G? dr?
2GM  GQ r r
1+ + g g (38)
r r
9 9

—r’d@® —r?sin? 0dg?
where dSé is a metric formally flat in the curved coordinates (that is,
2 _ y2 2 20p2 L2602 2
ds, =dt; —dr; —r;dg; —r; sin"g,dg;).
Obviously, also here, r (or r,) isalways greater than zero since the Reissner-
Nordstrem solution when the cosmological constant is equal to zero is a solution
for vacuum region surrounding an electrically charged mass.

As for the relation between r and r, we have [2]:

1
dri=———— _dr? 39
2GM  GQ?* ¢ (39)
1+ +—
Iy Iy
From which, we have:
r 2 rg2 1 2
oo =l e o7 ™ )
1+ +—
Ty Iy
From which, we have:
2r3dr
rZZI’g - g9 5 (41)
1y +2GMr, +GQ
From which, we have [2]:
r? +2GMr.
r? =17 —4GMr, +G(4GM* -Q*)In| 1+-————*
GQ
G2M (3Q?-4GM?
+ ( R ) (42)

JG?M?-GQ?

n| EM +1,—\G°M? -GQ® GM +/G*M? —GQ?

GM +1, +4/G’M? -GQ? GM —/G?M? -GQ?

According to the (42) for 1, — 0" also r—0" and for r, =+ also
I — +o0. Moreover, as r, increases, r also increases, as we can see directly
from the (41). On the other side, for any value of r; >0 we have that r<r,as
we can see directly from the (40).

2GM

Ty

Furthermore, for r, —+0o we have that r= r [l— ] and also

2GM

r, = r(l-l— j . This implies that, in this case, the presence of r; instead of

r in the (38) implies only corrections to the second order in
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2

I
On the other hand, for r, —0" we have r E%, as we can see easily
2GQ

from the (41).

Also in this case, as in that of the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1], we have not any singularity in the correct
expressions (37) and (38) for any value of r >0 and of r,>0. Consequently we
can infer that also here there is not any event horizon and therefore there is not
any black hole [3] [4].

In particular, also here the coefficients of dt? in (38) and of dt; in (37) are
always >0, while the coefficients of dr? in (38) and of dl’g2 in (37) are always
<0. Therefore, since the coefficients of dt*> in (38) and of dt; in (37) are always
not negative, the time (that is, the temporal coordinate) does not become in any
case as a spatial coordinate, contrary to the common treatment of the space-time
inside the event horizon [3] [4]. Moreover, since the coefficients of dr? in (38)
and of dI’g2 in (37) are always not positive, also here the spatial coordinate r
(or r,) does not become in any case as a temporal coordinate, contrary to the
common treatment of the space-time inside the event horizon [3] [4].

Therefore, also here the light cones are always orientated in the usual way, in
particular there is not any horizontal inclination of the light cones, contrary to the
common treatment of the space-time inside the event horizon [3] [4].

In this case the formula (8) of the correct ratio between the times when they are

measured in two different positions becomes:

(43)

Therefore also in this case we have that in the presence of a gravitational field
the clocks go more slowly (that is, that the measurements of time relatively to a
reference frame that is integral with a space-time curved for expressing the pres-
ence of a gravitational field flow more slowly). And the more intense the gravita-
tional field is, the more slowly the clocks go (that is, the measurements of time
relatively to a reference frame that is integral with a space-time curved for express-
ing the presence of a more intense gravitational field flow more slowly than the
measurements of time relatively to a reference frame that is integral with a space-
time curved for expressing the presence of a less intense gravitational field).

While (in this case) the formula (9) of the correct ratio of the relative frequen-

cies v, =1/dt;, and v, =1/dt;, becomes:

(44)
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This is the correct formula for the gravitational redshift of light in this case.
Therefore, also here the gravitational redshift is always not infinite for any value
of r,>0 (or of r>0), as in the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1].

We can note that the two correct formulas (43) and (44) are different from those
that can be obtained from the incorrect expression of the Reissner-Nordstrom so-
lution when the cosmological constant is equal to zero by means of an incorrect
procedure [1]-[3]. In fact, in this case the incorrect formulas analogous of the two

correct formulas (43) and (44) are respectively [1]-[3]:

(45)

(46)

In this case the formula (13) of the correct radial velocity of light in the com-

monly used coordinates [1]-[3] becomes:

VI = ﬂ = —1 3 (47)
dt 2GM  GQ
1+ +—
rg rg

We can note that, also here, the correct radial velocity of light in the commonly
used coordinates is always <1, and is equal to 1 only when there is not a gravita-
tional field.

On the other hand, in this case the formula (14) of the incorrect radial velocity

of light in the commonly used coordinates [3] becomes:

2
y _dr_, 2GM +G(22
dt r r

(48)

5. The Correct Reissner-Nordstrgm Solution When the
Cosmological Constant Is Greater than Zero

By analogy with the (17) and the (32), we can infer that, when the cosmological
constant A is greater than zero, the commonly accepted Reissner-Nordstrem so-

lution is:

2 2
ds? :(1—2(3—M—A7r+ cQ ]dtz — 1A ot
' ' 1 26M _Ar, GQT (49)
r 3 r
—r?d#* —r?sin® 0dp?
where M and Q are two constants: M is the total mass of the system and

Q is the total electric charge of the system.
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In the (49) there are singularities (event horizons) when:

2 2
1 2CM A G,

50
r 3 r? (50)

On the other hand, by analogy with the (20) and the (37), we can infer that,
when the cosmological constant A is greater than zero, the correct Reissner-
Nordstrem solution expressed as the formally flat metric in the commonly used
coordinates (ds® =dt? —dr® —r°d6? —r?sin® @dg’ ), which metric is expressed as
a function of the coordinates curved for expressing the gravitational field as the

curvature of the space-time, is:

Ar? 2
ds’ :[l+2C;—M+Tg+G? Jdt; - 1A . —dr;
r r
9 9 1+@+7g+g (51)
rg rg

2 2 2 ain? 2
—r,dg; —rysin” 6,dg,

where M and Q are two constants: M is the total mass of the system and
Q is the total electric charge of the system. Moreover t,, r,, 6,, ¢, arethe
space-time coordinates measured relatively to a reference frame that is integral
with a space-time curved for expressing the gravitational field as the curvature of
the space-time. In other words, this equation (51) is expressed in curved coordi-
nates.

We can note that in the (51) the coefficient of d'[g2 is always greater than one
(except in the case where there is no gravitational field, in which case this coeffi-
cient is equal to one), and the more intense the gravitational field is, the greater
this coefficient is. We have already shown in [1] that this is a sign that the coordi-
nates are curved and is closely related to the fact that the clocks in a gravitational
field run more slowly.

Analogously to our treatment of the correct Reissner-Nordstrom solution when
the cosmological constant A is equal to zero [2] we can express the correct Reiss-
ner-Nordstrem solution, when the cosmological constant A is greater than zero,
as the formally flat metric in the curved coordinates, which metric is expressed as

a function of the commonly used coordinates. In this case we have:

r’ 2
T L (T T
I I I
1+@+79+$ ’ ’ (52)
rg rg

—r’dé? —r’sin’ 0d¢?

where dSé is a metric formally flat in the curved coordinates (that is,

2 _ 2 22402 L2602 2
dsy =dt; —dr, —r,d6; —r;sin"6,dg;).

Obviously, also here, r (or r,) isalways greater than zero since the Reissner-
Nordstrem solution when the cosmological constant is greater than zero is a so-
lution for vacuum region surrounding an electrically charged mass.

As for the relation between r and r, we have:
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dr? = 1A i (53)
r
14 26M Ay | G?
r 3 r
From which, we have:
rz r2
[Care= ] L dr? (54)
0 °_2GM Ar; GQ°
I+——+—+—
I 3 r
From which, we have:
6ridr,
9-9 (55)

r2 = o
k 3r; +6GMr, +Ar, +3GQ°

According to the (55) for 1, > 0" also r—0" and for r, — +oo also
I —+o0o. Moreover, as r, increases, r also increases, as we can see directly
from the (55). On the other side, for any value of r,>0 we have that r < ry»as
we can see directly from the (54).

For r, not too large we have that the (55) is practically equal to the analogous

formula with A =0 [2], also because we know that the cosmological constant is
2

r

g

2GQ°*

very small. In particular, for r; —0" we have r= , as we can see easily

from the (55).

Instead for r; —+o0 we have that the term with the cosmological constant

dominates. In this case from the (55) we have:
3
r2 ;_flrg%:%ln(rg) (56)

Also in this case, as in that of the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1], we have not any singularity in the correct
expressions (51) and (52) for any value of r>0 (or of r, > 0). Consequently
we can infer that also here there is not any event horizon and therefore there is
not any black hole [3] [4].

In particular, also here in the (51) and in the (52) the coefficients of dtg2 and
of dt’ are always >0, therefore since the coefficients of dt; and of dt* areal-
ways not negative the time (that is, the temporal coordinate) does not become in
any case as a spatial coordinate, contrary to the common treatment of the space-
time inside the event horizon [3] [4]. Moreover, since in the (51) and in the (52)
the coefficients of drg2 and of dr’? are always not positive, also here the spatial
coordinate does not become in any case as a temporal coordinate, contrary to the
common treatment of the space-time inside the event horizon [3] [4].

Therefore, also here the light cones are always orientated in the usual way, in
particular there is not any horizontal inclination of the light cones, contrary to the
common treatment of the space-time inside the event horizon [3] [4].

In this case the formula (8) of the correct ratio between the times when they are

measured in two different positions becomes:
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1+ 2GM + Arglz + GQ*
dty,, r 3 r}

dt . Ar.2 gl2 (57)
r
ol 1+ 2GM LA G(g
My 3 'y

Therefore also in this case we have that in the presence of a gravitational field
the clocks go more slowly (that is, that the measurements of time relatively to a
reference frame that is integral with a space-time curved for expressing the pres-
ence of a gravitational field flow more slowly). And the more intense the gravita-
tional field is, the more slowly the clocks go (that is, the measurements of time
relatively to a reference frame that is integral with a space-time curved for express-
ing the presence of a more intense gravitational field flow more slowly than the
measurements of time relatively to a reference frame that is integral with a space-
time curved for expressing the presence of a less intense gravitational field).

While (in this case) the formula (9) of the correct ratio of the relative frequen-

cies v, =1/dt;, and v, =1/dt;, becomes:

Ar? 2
L26M AT GQ

1
r 3 r
P oM Al G 9
2 1+ L Q2
My 3 My

This is the correct formula for the gravitational redshift of light in this case.
Therefore, also here the gravitational redshift is always not infinite for any value
of r,>0 (orof r>0),asin the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1].

We can note that the two correct formulas (57) and (58) are different from those
that can be obtained from the incorrect expression of the Reissner-Nordstrem so-
lution when the cosmological constant is greater than zero by means of an incor-
rect procedure [1]-[3]. In particular, in this case the incorrect formulas analogous

of the two correct formulas (57) and (58) are respectively:

| 26M Ar}  GQ?

+ 2
dﬁz r, 3 r, (59)
d, 4/, 2GM Ar®  GQ*
no3 r
2 2
| 2OM _Af, GQ
Y r, 3 r, (60)
v, 2GM  Ar?  GQ°
e
n 3 n

In this case the formula (13) of the correct radial velocity of light in the com-

monly used coordinates [1]-[3] becomes:
dr 1

V'_E_
26M | A1y

1+

2

r 3

g

(61)
GQ?
2

Ty

+
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We can note that, also here, the correct radial velocity of light in the commonly
used coordinates is always <1, and is equal to 1 only when there is not a gravita-
tional field.

On the other hand, in this case the formula (14) of the incorrect radial velocity

of light in the commonly used coordinates [3] becomes:

2 2
dt r 3 r

(62)

6. The Correct Kerr Solution When the Cosmological
Constant Is Equal to Zero

As for the Kerr solution, that is the solution that represents the curved space-time
geometry surrounding a rotating mass, we have that the commonly used expres-

sion when the cosmological constant is equal to zero is [3]:

2
ds? = dt? —%drz — p*d0? —(r? +a?)sin? oy’

2GM 2 (63)

— r(dt—asinzadq))

where p® and A are functions of r and 6:
pi=r?+a’cos’d (64)
A=r®>—2GMr +a? (65)

and M and a areconstants: M isthe total mass of the system and a is the
spin angular momentum of the system per unit mass.

In the (63) there are singularities (event horizons) when:
r’—2GMr+a’*=0 (66)

that is, when:
r=GM +/G*M?-a? (67)

Obviously there are real singularities (event horizons) only when
G*M?*-a’>0.
Moreover we have that the coefficient g,, is equal to zero when:

r?—2GMr +acos?0=0 (68)

that is, when:

r=GM ++G’M?2—a’cos? 6 (69)

Therefore there are two distinct surfaces where ¢, isequal to zero. These sur-
faces are infinite-redshift surfaces. Obviously such surfaces really exist only where
G*M?-a’cos’6>0.

But the expression (63) is erroneous: in fact, by means of the fact thatfor a=0
the correct Kerr solution when the cosmological constant is equal to zero must be
equal to the correct Schwarzschild solution when the cosmological constant is

equal to zero, we can infer, as we have already noted in [2], that, when the cosmo-
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logical constant is equal to zero, the correct Kerr solution expressed as the for-
mally flat metric in the commonly used coordinates

(ds® =dt® —dr® —r?d#* —r?sin® @d¢® ), which metric is expressed as a function of
the coordinates curved for expressing the gravitational field as the curvature of

the space-time, is:

2
2_ w2 P 2 2402 2 2\ ein2 2
ds* = dt; —~ iy - pdo] ~(r¢ +a*)sin 0,dg?

2GMr, , 2 70)
+—2(dt, —asin’6,de, )
o)
where p® and A are functions of r, and 6,:
p* =t +a’cos’ 6, (71)
A=r}+2GMr, +a’ (72)

and M and a areconstants: M is the total mass of the system and a is the
spin angular momentum of the system per unit mass. Moreover tys Iy Hg > Py
are the space-time coordinates measured relatively to a reference frame that is
integral with a space-time curved for expressing the gravitational field as the cur-
vature of the space-time. In other words, this equation (70) is expressed in curved
coordinates.

We can note that in the (70) the coefficient of d'[g2 is always greater than one
(except in the case where there is no gravitational field, in which case this coeffi-
cient is equal to one), and the more intense the gravitational field is, the greater
this coefficient is. We have already shown in [1] that this is a sign that the coordi-
nates are curved and is closely related to the fact that the clocks in a gravitational
field run more slowly.

Also in this case, as in that of the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1], we have not any singularity in the correct
expression (70) for any value of r, >0. Consequently we can infer that also here
there is not any event horizon and therefore there is not any black hole [3] [4].

Furthermore, the coefficient of dtg2 in the (70) is always =1, therefore, since
the coefficient of dt; is always not zero, there is not any infinite-redshift surface
and, since the coefficient of dtg is always not negative, the time (that is, the tem-
poral coordinate) does not become in any case as a spatial coordinate, contrary to
the common treatment of the space-time inside the event horizon [3] [4]. More-
over, since the coefficient of dl‘g2 in the (70) is always not positive, also here the
spatial coordinate r; doesnotbecome in any case as a temporal coordinate, con-
trary to the common treatment of the space-time inside the event horizon [3] [4].

Therefore also here the light cones are always orientated in the usual way, in
particular there is not any horizontal inclination of the light cones, contrary to the
common treatment of the space-time inside the event horizon [3] [4].

Now, it is very complicated to express this metric as the formally flat metric in
the curved coordinates, which metric is expressed as a function of the commonly

used coordinates, but however we can obtain easily a such expression for dé, =0

DOI: 10.4236/jmp.2025.163024

458 Journal of Modern Physics


https://doi.org/10.4236/jmp.2025.163024

C. M. Pace

and dg, =0.In fact the (70) for d§, =0 and dgp, =0 becomes:

ds? =(1+ ZG'\erJdtg—p—zdr; (73)
o A
where p® and A are functions of ry:
p’ =t +a’cos’ 6, (74)
A=r}+2GMr, +a’ (75)

Therefore the (73) can be written as:
2GMr
ds? =| 1+ —5——5—%— |dt? - LI (76)
r, +a°cos” o, 14 2GMr, +a”sin” g,
re +a’cos’ 6,

Now by analogy with the previous cases [1] [2] we can write in this case the
formally flat metric in the curved coordinates, which metric is expressed as a func-
tion of the commonly used coordinates, as:

1 2GMr, +a’sin® 0
ds? = dt? —(l+ g 9 ldr? (77)

9 2 2 2
14 2GMr, ry +a’cos’ 6,

re +a’cos’ 6,
where dsg is a metric formally flat in the curved coordinates (that is,
dss = dt; —dl’g2 - I’gzdé’g2 - l’g2 sin? Hgd(ogz) and 6, isa constant.

Obviously, also here, r (or r,) is always greater than zero since the Kerr so-
lution when the cosmological constant is equal to zero is a solution for vacuum
region surrounding a rotating mass.

As for the relation between r and r, we have [2]:
dr? = ;Y (78)
2GMr, +a”sin” g,
+

2 2 2
r, +a°cos Hg

From which, we have:

r2 r2 1
dr2=["° dr? 79
IO IO 2GMr, +a%sin’g, ° (79)
1+ g g

2 2 2
r, +a’cos 49g

From which, we have:

2 2 2
\ 2rg(rg +a?cos 6?g)drg

ri= 80
'[0 re +2GMr, +a’ (80)
From which, we have [2]:
2
r: +2GMr,
r2= rg2 —4GMr, +(—a25in2 0, +4G*M 2)In(l+g—29J
a
GM (2a2 +a’sin® 0, —4G*M 2)
n (81)

\/GZMZ—aZ
.| GM +1,—JG*M? -2’ GM +G?M? —a?

GM +1, +VG’M?—a? GM —/G*M? -a’
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According to the (81) for T, —0" also r—0" and for r, =+ also
I — +o0 . Moreover, as r, increases, r also increases, as we can see directly
from the (80). On the other side, for any value of r; >0 we have that r<r,as
we can see directly from the (79).
2GM

Ty

Furthermore, for r, =+ we have that r= r [l— ] and also

2GM

r, = r(l-l— j . This implies that, in this case, the presence of r; instead of

r in the (77) implies only corrections to the second order in

On the other hand, for 1, — 0" in the case of C€OS Qg #0 we have
2

I
r=r, |COS 6, |, while in the case of cos’ 0,=0 wehave r= ﬁ, as we can see
2a

easily from the (80).
In this case the formula (8) of the correct ratio between the times when they are

measured in two different positions becomes:

2GMr,
14y o
dt r?+a’cos’@
g2 — gl g (82)
dt,, 2GMr,,

4+ -
2 2 2
r,, +a°cos” g

Therefore also in this case we have that in the presence of a gravitational field
the clocks go more slowly (that is, that the measurements of time relatively to a
reference frame that is integral with a space-time curved for expressing the pres-
ence of a gravitational field flow more slowly). And the more intense the gravita-
tional field is, the more slowly the clocks go (that is, the measurements of time
relatively to a reference frame that is integral with a space-time curved for express-
ing the presence of a more intense gravitational field flow more slowly than the
measurements of time relatively to a reference frame that is integral with a space-
time curved for expressing the presence of a less intense gravitational field).

While (in this case) the formula (9) of the correct ratio of the relative frequen-

cies v, =1/dt;, and v, =1/dt;, becomes:

2GMr,
1+ r2+a’cos?o
M gt 9 (83)
v, 14 ZGMrgz

2 2 2
r,, +a°cos” g,

This is the correct formula for the gravitational redshift of light in this case.
Therefore, also here the gravitational redshift is always not infinite for any value
of r,>0 (or of r>0), as in the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1].

We can note that the two correct formulas (82) and (83) are different from those

that can be obtained from the incorrect expression of the Kerr solution when the
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cosmological constant is equal to zero by means of an incorrect procedure [1]-[3].
In fact, in this case the incorrect formulas analogous of the two correct formulas
(82) and (83) are respectively [1]-[3]:

2GMr,

Y 2 2
dt, r, +a°cos” ¢ (84)
dt, 44 2GMr,
T2 2 2
r°+a“cos @
1- 2GMr,
2 2 2
Vi r, +a“cos” g (85)
v, 1 2GMr,

r? +a’cos’ 0

In this case the formula (13) of the correct radial velocity of light in the com-

monly used coordinates [1]-[3] becomes:

ot | L
ot 2GMr, 2GMr, +a?sin? g,
1+ 2 2 2 1+ 2 2 2
r, +a°cos Hg r, +a°cos 6'9

We can note that, also here, the correct radial velocity of light in the commonly

(86)

used coordinates is always <1, and is equal to 1 only when there is not a gravita-
tional field.
On the other hand, in this case the formula (14) of the incorrect radial velocity

of light in the commonly used coordinates [3] becomes:
dr 2GMr —2GMr +a*sin? 0
vV =—= [1- 1+ 87
't \/( r’+a’ coszej( r2 +a’cos’ @ ] (87)

7. The Correct Kerr Solution When the Cosmological
Constant Is Greater than Zero

By analogy with the (17) and the (63), we can infer that, when the cosmological

constant A is greater than zero, the commonly accepted Kerr solution is:

2
ds? = dt? —’%dr2 - p*d0* —(r* +a’)sin’ 6dg’

88
2GMr + 2 ré , (88)
- (dt—asin2 Qd(p)
P
where p° and A are functions of I and :
pi=r’+a’cos’ o (89)
Azrz—ZGMr—%r“+a2 (90)

and M and a areconstants: M is the total mass of the system and a isthe
spin angular momentum of the system per unit mass.

In the (88) there are singularities (event horizons) when:
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r2—2GMr—%r“+a2 =0 (91)

Moreover, in the (88) the coefficient g¢,, is equal to zero (and therefore we

have infinite redshift) when:
rZ—ZGMr—%r“+aZCOSZH:O (92)

On the other hand, by analogy with the (20) and the (70), we can infer that,
when the cosmological constant A is greater than zero, the correct Kerr solution
expressed as the formally flat metric in the commonly used coordinates
(ds® =dt? —dr? —r?d@* —r’sin® @d¢? ), which metric is expressed as a function
of the coordinates curved for expressing the gravitational field as the curvature of

the space-time, is:

2
2 2 P 2 2402 2 2\ ein2 2
ds® = dt; —Zdrg — p*d6; —(rZ +a?)sin® 6,dg]

A 93
2GMr, +—r (33)
" 37 (4t —asin’0,dp, )
+ , (dt, —asin’ 6,dg, )
P
where p° and A are functions of r, and @,:
2 _ 2 2 2
p° =1, +a°cos” g, (94)
2 A 4 2
A=ry+2GMr, +§rg +a (95)

and M and a areconstants: M isthe total mass of the system and a isthe
spin angular momentum of the system per unit mass. Moreover t , r,, 6,, @,
are the space-time coordinates measured relatively to a reference frame that is
integral with a space-time curved for expressing the gravitational field as the cur-
vature of the space-time. In other words, this equation (93) is expressed in curved
coordinates.

We can note that in the (93) the coefficient of dt? is always greater than one
(except in the case where there is no gravitational field, in which case this coeffi-
cient is equal to one), and the more intense the gravitational field is, the greater
this coefficient is. We have already shown in [1] that this is a sign that the coordi-
nates are curved and is closely related to the fact that the clocks in a gravitational
field run more slowly.

Also in this case, as in that of the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1], we have not any singularity in the correct
expression (93) for any value of r, >0. Consequently we can infer that also here
there is not any event horizon and therefore there is not any black hole [3] [4].

In particular, also here the coefficient of dt] is always >1, therefore, since the
coefficient of dt? isalways not zero, there is not any infinite-redshift surface and,
since the coefficient of dt] is always not negative, the time (that is, the temporal
coordinate) does not become in any case as a spatial coordinate, contrary to the

common treatment of the space-time inside the event horizon [3] [4]. Moreover,
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since the coefficient of drq2 is always not positive, also here the spatial coordinate
r, does not become in any case as a temporal coordinate, contrary to the com-
mon treatment of the space-time inside the event horizon [3] [4].

Therefore also here the light cones are always orientated in the usual way, in
particular there is not any horizontal inclination of the light cones, contrary to the
common treatment of the space-time inside the event horizon [3] [4].

Now, it is very complicated to express this metric as the formally flat metric in
the curved coordinates, which metric is expressed as a function of the commonly
used coordinates, but however we can obtain easily a such expression for d6g, =0

and dg, =0.In fact the (93) for dg, =0 and dgp, =0 becomes:

A 4
ZGMrg + 0

2
2 2 P 2
ds“=|1+ p dt, —Xdrg (96)
where p° and A are functions of r:
p’=rl+a’cos’ 6, (97)
A=r2+2GMr, + 204 4 22 (98)
=r;+ r +§rg +a
Therefore the (96) can be written as:
2GMr, + 2 pf
2 9 39 2 1 2
ds* =| 1+ 5——— dtg - A drg (99)
fy +acos” g, 2GMr, +§rg“ +a’sin® g,

1+
rg2 +a’cos’ 6,

Now by analogy with the previous cases [1] [2] we can write this metric as the
formally flat metric in the curved coordinates, which metric is expressed as a func-

tion of the commonly used coordinates, as:

2GMr +ér4+azsin29
! dt> —| 1+ P 3° “ldre (100)
2 2 2

2GMr, + 1 fy +a"cos™0,

2 _
dsg_

I+ 0—5——
r;+a’cos’ 6,
where ds? is a metric formally flat in the curved coordinates (that is,

2 _ 2 2 2 2 2 oin? 2 :
ds; =dt; —dry —r;d6; —r;sin"6,dp;) and 6, isa constant.

Obviously, also here, I' (or r, ) is always greater than zero since the Kerr so-
lution when the cosmological constant is greater than zero is a solution for vac-
uum region surrounding a rotating mass.

As for the relation between r, and I, we have:

dr? = L dr? (101)

2GMr, Ay a%sin? 6
3 9 9

1+

2 2 2
ry +a°cos 69
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From which, we have:

Jodre =7 - dr? (102)

g
2GMr, +A r* +asin’ @
3 9 ¢}

1+
re +a’cos’ 6,

From which, we have:

2 2 2
o[ 6r, (r; +a’ cos® 6, )dr,
0 3r7+3a’+6GMr, +Ar,/

(103)

According to the (103) for r,—>0" also r—0" and for r, =+ also
r — +oo . Moreover, as r, increases, I' also increases, as we can see directly
from the (103). On the other side, for any value of r, >0 we have that r < r,»as
we can see directly from the (102).

For r, nottoo large we have that the (103) is practically equal to the analogous
formula with A =0 [2], also because we know that the cosmological constant is
very small. In particular, for r, — 0" in the case of cos®6, =0 we have

rg2
\2a?

r=r, |COS Hg | , while in the case of cos? 0,=0 we have r= , as wWe can see

easily from the (103).
Instead for r; — 4o we have that the term with the cosmological constant

dominates. In this case from the (103) we have:

3
r? ;Lrg 62:‘:‘9 :%In(rg) (104)

In this case the formula (8) of the correct ratio between the times when they are

measured in two different positions becomes:

ZGMrglJréri1

3 9
+ 2 2 2
dt,, r; +a°cos” 6,
= 105)
dt A4 (

ol 2GMry, + Ty,

3 g
1+

2 2 2
fy, +a°€os” 6,

Therefore also in this case we have that in the presence of a gravitational field
the clocks go more slowly (that is, that the measurements of time relatively to a
reference frame that is integral with a space-time curved for expressing the pres-
ence of a gravitational field flow more slowly). And the more intense the gravita-
tional field is, the more slowly the clocks go (that is, the measurements of time
relatively to a reference frame that is integral with a space-time curved for express-
ing the presence of a more intense gravitational field flow more slowly than the
measurements of time relatively to a reference frame that is integral with a space-
time curved for expressing the presence of a less intense gravitational field).

While (in this case) the formula (9) of the correct ratio of the relative frequen-
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cies vlzil/dtgl and 1/2:2I/dt92 becomes:

ZGMrg1+Argi1
3
1+ 2 2 2
v, r, +a°cos” g,
—+= " (106)
& 2GMr, +°- 13
3 9
1+

2 2 2
r,, +a°cos” g,

This is the correct formula for the gravitational redshift of light in this case.
Therefore, also here the gravitational redshift is always not infinite for any value
of r,>0 (or of r>0), as in the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1].

We can note that the two correct formulas (105) and (106) are different from
those that can be obtained from the incorrect expression of the Kerr solution when
the cosmological constant is greater than zero by means of an incorrect procedure
[1]-[3]. In particular, in this case the incorrect formulas analogous of the two cor-
rect formulas (105) and (106) are respectively:

2GMr, +%r24

dt T2 2 2
d_2: r, +a co[iH (107)
b 2GMr, +—r*
3
r? +a’cos’ 6
ZGMerrArz4
3
T 2 2
Y r, +a°cos @ (108)
V2

2GMr, +Arl4
=37
r? +a’cos’ @

In this case the formula (13) of the correct radial velocity of light in the com-

monly used coordinates [1]-[3] becomes:
w:ﬂ:’ 1 (109)
dt

2GMr, +Ar4 2GMr +Ar4+azsin2¢9
3 [¢] g 3 ¢] [¢]

1+
rg2 +a? cos? 0, rg2 +a? cos? 0,

We can note that, also here, the correct radial velocity of light in the commonly
used coordinates is always <1, and is equal to 1 only when there is not a gravita-
tional field.

On the other hand, in this case the formula (14) of the incorrect radial velocity
of light in the commonly used coordinates [3] becomes:

d 2GMr+Ar4 —ZGMr—Ar4+azsin20
r_ 3 3

[ -
dt r’+a?cos? @ r’ +a’cos’ @

(110)
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8. The Correct Kerr-Newman Solution When the
Cosmological Constant Is Equal to Zero

As for the Kerr-Newman solution [3] [4], that is the solution that represents the
curved space-time geometry surrounding an electrically charged rotating mass,
we have that the commonly used expression when the cosmological constant is

equal to zero is [4]:

Az(dt —asin? qu))z - Sinzg[(rz + az)dgo—adt}2
p (111)

2
P 2 2492

- _dr° - p°dé
A P

ds? =

where p? and A are functions of I and @:
pP=r’+a’cos’ o (112)
A=r’-2GMr+a’ + GQ? (113)
and M, Q and a are constants: M is the total mass of the system, Q is
the total electric charge of the system, and a is the spin angular momentum of

the system per unit mass.

In the (111) there are singularities (event horizons) when:
r’ —2GMr +a’+GQ?=0 (114)

that is, when:

r=GM +,/G?M? —a* - GQ’ (115)
Obviously there are real singularities (event horizons) only when
G*M?-a’-GQ’ 20.
Moreover, in the (111) we have that the coefficient ¢, is equal to zero when:
r’ —2GMr +a’cos’ +GQ? =0 (116)

that is, when:

r=GM J_r\/GZMZ—azcoszﬁ—GQ2 (117)

Therefore there are two distinct surfaces where ¢,, isequalto zero. These sur-
faces are infinite-redshift surfaces. Obviously such surfaces really exist only where
G°M? -a’cos’0-GQ*>0.

But also here the expression (111) is erroneous: in fact, by means of the fact that
the correct Kerr-Newman solution when the cosmological constant is equal to
zero must be equal for Q =0 to the correct Kerr solution when the cosmological
constant is equal to zero, and must be equal for a=0 to the correct Reissner-
Nordstrem solution when the cosmological constant is equal to zero, and must be
equal for Q=0 and a=0 to the correct Schwarzschild solution when the cos-
mological constant is equal to zero, we can infer, as we have already noted in [2],
that, when the cosmological constant is equal to zero, the correct Kerr-Newman
solution expressed as the formally flat metric in the commonly used coordinates
(ds® =dt® —dr? —r?d@* —r’sin® @d¢’ ), which metric is expressed as a function
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of the coordinates curved for expressing the gravitational field as the curvature of

the space-time, is:
2

dst =2 (o, —asin? 0,dg, | 2 (12 +a?)dg, - adt, |
P ) (118)
-%dr; — p'd6?
where p° and A are functions of r, and 6,:
p’=r;+a’cos’ 6, (119)
A=r}+2GMr, +a’ +GQ? (120)

and M, Q and a are constants: M is the total mass of the system, Q is
the total electric charge of the system, and a is the spin angular momentum of
the system per unit mass. Moreover t,, r,, 6,, ¢, are the space-time coordi-
nates measured relatively to a reference frame that is integral with a space-time
curved for expressing the gravitational field as the curvature of the space-time. In
other words, this equation (118) is expressed in curved coordinates.

We can note that in the (118) the coefficient of dt; is always greater than one
(except in the case where there is no gravitational field, in which case this coeffi-
cient is equal to one), and the more intense the gravitational field is, the greater
this coefficient is. We have already shown in [1] that this is a sign that the coordi-
nates are curved and is closely related to the fact that the clocks in a gravitational
field run more slowly.

Also in this case, as in that of the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1], we have not any singularity in the correct
expression (118) for any value of r, >0. Consequently we can infer that also here
there is not any event horizon and therefore there is not any black hole [3] [4].

Moreover, also here the coefficient of dtg in the (118) is always 21, therefore,
since the coefficient of dt is always not zero, there is not any infinite-redshift
surface and, since the coefficient of dt; is always not negative, the time (that is,
the temporal coordinate) does not become in any case as a spatial coordinate, con-
trary to the common treatment of the space-time inside the event horizon [3] [4].
Furthermore, since the coefficient of drg2 in the (118) is always not positive, also
here the spatial coordinate r; doesnot become in any case as a temporal coordi-
nate, contrary to the common treatment of the space-time inside the event hori-
zon [3] [4].

Therefore, also here the light cones are always orientated in the usual way, in
particular there is not any horizontal inclination of the light cones, contrary to the
common treatment of the space-time inside the event horizon [3] [4].

Now, also in this case, it is very complicated to express this metric as the for-
mally flat metric in the curved coordinates, which metric is expressed as a function
of the commonly used coordinates, but however we can obtain easily a such ex-
pression for dg, =0 and dgp, =0. In fact the (118) for dg, =0 and dgp, =0

becomes:
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A—a*sin® g, 2
- St —%dr; (121)
Yo

ds?

where p° and A are functions of r:
p?=r2+a’cos’ 6, (122)
A=r?+2GMr, +a’+GQ’ (123)
Therefore the (121) can be written as:
2GMr, + GQ? 1

ds? =| 1+ ——— 2Q dt; — a7 (124)

r, +a°cos” g, 14 2GMr, +GQ“ +a”sin" 6,

re +a’cos’ 6,

Now by analogy with the previous cases [1] [2] we can write in this case the
formally flat metric in the curved coordinates, which metric is expressed as a func-
tion of the commonly used coordinates, as:

1 2GMr, +GQ’ +a*sin’ §
dsg = ~dt? —| 1+ s TOQ 9 ldr*  (125)
2GMr, +GQ
N P P
r, +a°cos” g,

2 2 2
r, +a°cos 6’g

where ds; is a metric formally flat in the curved coordinates (that is,
ds? =dt? —dr? —r2d@2 —r?sin*6,dg?) and ¢, isa constant.

Obviously, also here, I (or r ) is always greater than zero since the Kerr-
Newman solution when the cosmological constant is equal to zero is a solution
for vacuum region surrounding an electrically charged rotating mass.

As for the relation between r and T, we have [2]:
1 2

dr? = dr, (126)
e 2GMr, +GQ* +a’sin*g, °
2 2 2
r, +a°cos” g,
From which, we have:
2 2
Ir drz:jrg 1 R—" (127)
0 0 1 2GMr, +GQ* +a“sin® 6,
+ 2 2 2
r, +a°cos Hg
From which, we have:
2 2 2
2 _J,,g 2r, (17 +a”cos® 6, )dr, 128)
~Jo 21 2GMr, +GQ? +a2
[¢] g
From which, we have [2]:
r?+2GMr,
r’ =17 —4GMr, +(4G°M’ —a’sin’ 6, -GQ?)-In| 1+ -L__——¢
GQ +a
GM (2a’ +a’sin’ 6, +3GQ° —4G*M?)

N (129)

JG?M? —GQ? - a?
GM +1,—/GIM?~GQ* ~a® GM ++/G?M? —GQ? - a
GM +1,+G?M?~GQ*~a’ GM —/G*M? -GQ’ -a?

-In
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According to the (129) for r,—>0" also r—>0" and for r, —+o also
r — +oo . Moreover, as r, increases, I also increases, as we can see directly
from the (128). On the other side, for any value of r,>0 we have that r < r,»as

we can see directly from the (127).

M ] and also
r

Furthermore, for r, =+ we have that r= I {1—
g

2GM
rp=r (1+ j . This implies that, in this case, the presence of r, instead of r
. o . . GM
in the (125) implies only corrections to the second order in .
r

On the other hand for r, — 0* in the case of cos? 0,#0 we have

a’cos” 6, r2
r=r,|———— whileinthe case of cos’#, =0 wehave r=——~=——,
GQ"+a J2(6Q*+a?%)

as we can see easily from the (128).
In this case the formula (8) of the correct ratio between the times when they are

measured in two different positions becomes:

2GMr,, +GQ?
dty, _ r,i +a’cos’ 6, (130)
dty, [, 26Mr, +GQ’

2 2 2
r,, +a°cos” g,

Therefore also in this case we have that in the presence of a gravitational field
the clocks go more slowly (that is, that the measurements of time relatively to a
reference frame that is integral with a space-time curved for expressing the pres-
ence of a gravitational field flow more slowly). And the more intense the gravita-
tional field is, the more slowly the clocks go (that is, the measurements of time
relatively to a reference frame that is integral with a space-time curved for express-
ing the presence of a more intense gravitational field flow more slowly than the
measurements of time relatively to a reference frame that is integral with a space-
time curved for expressing the presence of a less intense gravitational field).

While (in this case) the formula (9) of the correct ratio of the relative frequen-

cies v; =1/dt,, and v, =1/dt,, becomes:

2GMr,, + GQ?

1+ 2 g21 ZQ

v r;+a“cos g
L= - g (131)

12 14 2GMr,, +GQ

2 2 2
r, +a°cos” g,

This is the correct formula for the gravitational redshift of light in this case.
Therefore, also here the gravitational redshift is always not infinite for any value
of r,>0 (or of r>0), as in the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1].

We can note that the two correct formulas (130) and (131) are different from
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those that can be obtained from the incorrect expression of the Kerr-Newman
solution when the cosmological constant is equal to zero by means of an incorrect
procedure [1]-[3]. In fact, in this case the incorrect formulas analogous of the two

correct formulas (130) and (131) are respectively [1]-[3]:

—2GMr, +GQ?
D R PO

dt, _ r, +a°cos” 6 (132)
dt, 4f,, ~2GMr, +GQ?
r? +a’cos’ @
—2GMr, +GQ?
W s o,

Vi r, +a“cos” @ (133)
v, [y, ~2GMn+GQ’

r,” +a’cos’ @

In this case the formula (13) of the correct radial velocity of light in the com-

monly used coordinates [1]-[3] becomes:
i ] i
't \/[1 2GMr, +GQ? j[“ 2GMr, +GQ? +a”sin? HQJ

rg2 +a” cos? 6, rg2 +a’ cos? 6,

(134)

We can note that, also here, the correct radial velocity of light in the commonly
used coordinates is always <1, and is equal to 1 only when there is not a gravita-
tional field.

On the other hand, in this case the formula (14) of the incorrect radial velocity

of light in the commonly used coordinates [3] becomes:

2 2 2 ain?
_dr_\/{l+—ZGMr+GQ j[1+—2GMr+GQ +a’sin ej (135)

V=—=
dt r?+acos’@ r’+a%cos’0

9. The Correct Kerr-Newman Solution When the
Cosmological Constant Is Greater than Zero

By analogy with the (17) and the (111), we can infer that, when the cosmological
constant A is greater than zero, the commonly accepted Kerr-Newman solution

is:

- 2 2
ds? =Az(dt—asin26?d<p)2 —szé’[(r2 +a2)dgo—adt}
v P (136)
P .2 24 2
——dr° - p°dé
A P
where p° and A are functions of I and @:
p>=r?+a’cos’ o (137)
AErZ—ZGMr—%r“+aZ+GQ2 (138)

and M, Q and a are constants: M is the total mass of the system, Q is
the total electric charge of the system, and a is the spin angular momentum of
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the system per unit mass.

In the (136) there are singularities (event horizons) when:

rZ—ZGMr—%r4+a2+GQ2:O (139)

Moreover, in the (136) the coefficient g,, is equal to zero (and therefore we

have infinite redshift) when:

rZ—ZGMr—%r4+a2cosze+GQ2=0 (140)

On the other hand, by analogy with the (20) and the (118), we can infer that,
when the cosmological constant A is greater than zero, the correct Kerr-Newman
solution expressed as the formally flat metric in the commonly used coordinates
(ds® =dt® —dr? —r?d@* —r’sin’ @d¢’ ), which metric is expressed as a function
of the coordinates curved for expressing the gravitational field as the curvature of
the space-time, is:

A . 2
2
ds? =—-(dt, —asin’ 6,dg, )
P
i02
sin® @ 2
g 2, .2
— [(r,?+a%)de, —adt, | (141)

2
—%dr; - p?d6?

where p? and A are functions of r, and 6,:

p?=r2+a’cos’ o, (142)

Asrgz+ZGMrg+%rg“+az+GQ2 (143)

and M, Q and a are constants: M is the total mass of the system, Q is
the total electric charge of the system, and a is the spin angular momentum of
the system per unit mass. Moreover t,, r,, 6,, ¢, arethe space-time coordi-
nates measured relatively to a reference frame that is integral with a space-time
curved for expressing the gravitational field as the curvature of the space-time. In
other words, this equation (141) is expressed in curved coordinates.

We can note that in the (141) the coefficient of dt? is always greater than one
(except in the case where there is no gravitational field, in which case this coeffi-
cient is equal to one), and the more intense the gravitational field is, the greater
this coefficient is. We have already shown in [1] that this is a sign that the coordi-
nates are curved and is closely related to the fact that the clocks in a gravitational
field run more slowly.

Also in this case, as in that of the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1], we have not any singularity in the correct
expression (141) for any value of r, >0. Consequently we can infer that also here
there is not any event horizon and therefore there is not any black hole [3] [4].

In particular, also here the coefficient of dt? is always >1, therefore, since the

coefficient of dt; isalways not zero, there is not any infinite-redshift surface and,
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since the coefficient of dt] is always not negative, the time (that is, the temporal
coordinate) does not become in any case as a spatial coordinate, contrary to the
common treatment of the space-time inside the event horizon [3] [4]. Moreover,
since the coefficient of drg2 is always not positive, also here the spatial coordinate
r, does not become in any case as a temporal coordinate, contrary to the com-
mon treatment of the space-time inside the event horizon [3] [4].

Therefore, also here the light cones are always orientated in the usual way, in
particular there is not any horizontal inclination of the light cones, contrary to the
common treatment of the space-time inside the event horizon [3] [4].

Now, also in this case, it is very complicated to express this metric as the for-
mally flat metric in the curved coordinates, which metric is expressed as a function
of the commonly used coordinates, but however we can obtain easily a such ex-
pressionfor dg, =0 and dg, =0.Infactthe (141) for dg, =0 and dg, =0

becomes:

A-a*sin®g, 2
ds? =————2.dt? —’D—drg2 (144)
Yol A
where p° and A are functions of r:
p?=r2+a’cos’ 6, (145)
Azrgz+ZGMrg+%rg“+a2+GQ2 (146)

Therefore the (144) can be written as:

2GMr, +§rg“ +GQ?

ds? =1+ 3 dt?
r2+a%cos’o 9
g g

(147)

— 1 er

2GMr, + X1t £ GQ? +a%sin?g,
rg+§rg +GQ"+a’sin“ g,

1+

2 2 2
r, +a’cos 499

Now by analogy with the previous cases [1] [2] we can write this metric as the
formally flat metric in the curved coordinates, which metric is expressed as a func-

tion of the commonly used coordinates, as:

2 1 2
dsg = dt

26Mr, + 2 1) + Q'

1+

re +a’cos’ 6,
(148)

9
—1+ > dr?
ry +a°cos Hg

2GMr, +%r4 +GQ* +a’sin* g,

where ds; is a metric formally flat in the curved coordinates (that is,
ds? =dt? —dr? —r2d@2 —r?sin*6,dg?) and ¢, isa constant.
Obviously, also here, I (or r ) is always greater than zero since the Kerr-
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Newman solution when the cosmological constant is greater than zero is a solu-
tion for vacuum region surrounding an electrically charged rotating mass.
As for the relation between r, and I, we have:

dr® = L dr? (149)

2GMr, +%r4 +GQ* +a’sin’ g,

9
1+

2 2 2
r, +a°cos «99

From which, we have:

rz rz
j er:jg ! dr? (150)
0 0 A, 2 a2in2 B
2GMr +-—r/+GQ" +a”sin” g
3 g g
1+

2, a2 o2
rg +a” Cos Hg

From which, we have:
2 a2n02
6rg(rg +a’cos 199)drg

r2=" 151
J 3r7 +3a’ + 6GMr, + Ar, +3GQ’ (131

According to the (151) for r, >0" also r—>0" and for r, —+o© also
r — +oo . Moreover, as r, increases, I' also increases, as we can see directly
from the (151). On the other side, for any value of r,>0 we have that r < ry»as
we can see directly from the (150).

For r, nottoo large we have that the (151) is practically equal to the analogous
formula with A=0 [2], also because we know that the cosmological constant is

very small. In particular, for r, — 0" in the case of cos®6, =0 we have

a’cos’ 6, r?
r=r,——. while in the case of cos? 0,=0 we have r=a—2
GQ’+a 2(GQ* +a%)

as we can see easily from the (151).
Instead for r, —+co we have that the term with the cosmological constant

dominates. In this case from the (151) we have:

3
I, d
r? zjlg Gir;rg =%In(rg) (152)

In this case the formula (8) of the correct ratio between the times when they are

measured in two different positions becomes:

A
ZGMrgl+§rgf +GQ°
1+ 2 2 2
dt,, r, +a“cos” g,
—= (153)
dty, 2GMr,, +%rg;‘ +GQ?

1+
2 2 2
r,, +a°cos” g,
Therefore also in this case we have that in the presence of a gravitational field
the clocks go more slowly (that is, that the measurements of time relatively to a
reference frame that is integral with a space-time curved for expressing the pres-

ence of a gravitational field flow more slowly). And the more intense the gravita-
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tional field is, the more slowly the clocks go (that is, the measurements of time
relatively to a reference frame that is integral with a space-time curved for express-
ing the presence of a more intense gravitational field flow more slowly than the
measurements of time relatively to a reference frame that is integral with a space-
time curved for expressing the presence of a less intense gravitational field).
While (in this case) the formula (9) of the correct ratio of the relative frequen-

cies v, =1/dt;, and v, =1/dt,, becomes:

2GMr, +%er +GQ?
1+ 2 2 2
v r, +a°cos” g,
N 5 (154)
v, 2GMr,, +§rg‘2‘ +GQ°
1+

2 2 2
r,, +a°cos” g

This is the correct formula for the gravitational redshift of light in this case.
Therefore, also here the gravitational redshift is always not infinite for any value
of r,>0 (or of r>0), as in the correct Schwarzschild solution when the cos-
mological constant is equal to zero [1].

We can note that the two correct formulas (153) and (154) are different from
those that can be obtained from the incorrect expression of the Kerr-Newman
solution when the cosmological constant is greater than zero by means of an in-
correct procedure [1]-[3]. In particular, in this case the incorrect formulas analo-

gous of the two correct formulas (153) and (154) are respectively:

—-2GMr, —%rz“ +GQ*

1+
dt, r? +a’cos’ 6

—= (155)
dt —2GMr, -2t +GQ?
1+ 3
r” +a’cos*
1
—-2GMr, —Arz4 +GQ?
1+ 3
2 2 2
Vi r, +a°cos” 0 (156)
V2 —2c;|\/|r1—§r;‘+GQ2
1+ 3

r” +a’cos’ 0

In this case the formula (13) of the correct radial velocity of light in the com-

monly used coordinates [1]-[3] becomes:

o dr ’ 1
| =—=
A
dt 2GMr. + 21t £ GQ?
] 3 g
1+ 2 2 2
r, +a°cos” g,
(157)
] 1
A 4 2 2 ain?
2GMr, + 1/ +GQ" +a”sin” g,
1+ ?; 2 2
r, +a°cos” g,
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We can note that, also here, the correct radial velocity of light in the commonly
used coordinates is always <1, and is equal to 1 only when there is not a gravita-
tional field.

On the other hand, in this case the formula (14) of the incorrect radial velocity

of light in the commonly used coordinates [3] becomes:

—2GMr —%r“ +GQ?

dr
V':E: 1+ r?+a’cos’ @

(158)
_oGMr—2 e +GQ? +a’sin’ @
1+ 3

r2+a’cos’6

10. The Consequences of These Correct Metrics

We have seen that these correct metrics of Schwarzschild, Reissner-Nordstrem,
Kerr and Kerr-Newman when the cosmological constant is greater than zero do
not imply any event horizon and, consequently, these metrics do not imply any
black hole.

In fact, in these metrics there is not any singularity in general at any value of
r>0 orof r,>0.

Moreover, according to these metrics, for any value of r>0 orof r, >0 the
coefficient of dt* and the coefficient of dt? always remain positive and the co-
efficient of dr? and the coefficient of dr? always remain negative. Therefore,
since the coefficient of dt* and the coefficient of dt2 are always not negative
the time (that is, the temporal coordinate) does not become in any case as a spatial
coordinate, contrary to the common treatment of the space-time inside the event
horizon [3] [4]. Furthermore, since the coefficient of dt? and the coefficient of
dt2 are always not equal to zero the gravitational redshift is always not infinite.
On the other hand, since the coefficient of dr’ and the coefficient of dr} are
always not positive the spatial coordinate ' or r, does not become in any case
as a temporal coordinate, contrary to the common treatment of the space-time
inside the event horizon [3] [4].

Consequently, the light cones are always orientated in the usual way, in partic-
ular there is not any horizontal inclination of the light cones, contrary to the com-

mon treatment of the space-time inside the event horizon [3] [4].

11. Experimental Prospects

11.1. The Available Experimental Data

As we have already noted in [1] [2], as for the experimental data obtained with the
help of x-ray astronomy the proof that we have found black holes, and therefore
event horizons, is based only on the fact that we have found invisible objects which
have masses that are too great, according to the commonly accepted theory, for
not being black holes [3] [6] [7]. But according to the correct theory of this article,

whatever the masses and the dimensions of these invisible objects are, we never
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have black holes, and therefore we never have event horizons. Consequently such
experimental data cannot discriminate between the commonly accepted theory
and the same theory corrected according to this article.

On the other hand, as we have already noted in [1] [2], with regard to the ex-
perimental data of the so-called gravitational waves (obtained by the LIGO col-
laboration) of a collision between two black holes, such gravitational waves were
detected only below measurement errors, 7e. the signals detected were lower than
the background noise (cf. chapter 6 of [6]. See also [8]). Furthermore the models
expected from the theory were used for selecting the signals from the background
noise (cf. chapter 6 of [6]) with the help of supercomputers: obviously, this is an
incorrect practice which cannot produce any significant data. The awareness of
the non-significance of the LIGO collaboration data is now widespread [8]-[12].
Obviously, also such data cannot discriminate between the commonly accepted
theory and the same theory corrected according to this article.

As for the alleged photos of black holes, as we have already noted in [1] [2], they
were formed with the help of special algorithms from something compatible with
the white noise. In other words, these photos were extracted from something com-
patible with the white noise only on the basis of the images that were expected by
the researchers, with the help of appropriate algorithms loaded onto supercom-
puters (cf. the Section “Imaging a Black Hole” of [13]. See also [14]). Therefore,
also in this case the researchers wanted to measure something that is below meas-
urement errors, and so these photos are completely unreliable. On the other hand,
serious doubts have now spread about the reliability of these photos [15]-[17].
Consequently such photos cannot prove anything and in particular cannot dis-
criminate in any way between the commonly accepted theory and the same theory
corrected according to this article.

Moreover, the corrections, that we have proposed in this article, to the com-
monly accepted theory are very small in the normal experimental situations (for
example in the solar system), so the fact that, in these situations, so far no differ-

ence has been noted between the commonly accepted theory and the experimental

GM GQ?

results is not strange. In fact, in the usual case of <1, >
r r

negligible

compared to , a’ negligible compared to r’ and the cosmological

constant negligible, we have that the difference between the previsions of the com-
monly accepted theory and the previsions of the same theory corrected according

to this article is, in the experiments commonly performed to test the General Theory
2GM

of Relativity, only at the second order in [1] [2]. And all the experiments

conducted so far in the solar system have not had errors so small as to test differ-
GM
[3].

ences at the second order in

Furthermore in this article we have taken into consideration the contribution

to the metrics by the cosmological constant, but we know well that no cosmolog-
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ical constant has so far been directly measured, so the fact that there is so far no
difference measured, with respect to the part due to the cosmological constant,
between the previsions of the commonly accepted theory and the previsions of the
same theory corrected according to this article should not be considered strange.

Therefore, in conclusion, there is no available experimental data that can dis-
criminate between the commonly accepted theory and the same theory corrected

according to this article.

11.2. Some Proposals for a Crucial Experiment

On the other hand, a crucial experiment could be done, which discriminates be-
tween the commonly accepted theory and the same theory corrected according to
this article, by taking advantage of the high precision and sensitivity of the latest
atomic clocks.

In fact, as we have shown in [1], when the cosmological constant is equal to
zero the ratio of the passage of time in the gravitational field according to the

correct Schwarzschild metric to that according to the commonly accepted

Schwarzschild metric, in the case of

l(ZGM jz
1+= .
2 r

Now throughout the solar system we have effectively that

<1, is approximately equal to

2GM <1 and the

cosmological constant is negligible.
1 ( 2GM

2
The term > j is obviously expressed in the case with the velocity of
r

light c¢=1. Instead in the case more general (in which ¢ is not defined equal to

2 2
1) this term becomes E(ZGEA J . Now, the term %(ZG';A j due to the solar
rc rc

mass on the surface of the Sun is approximately equal to 8.99 x 1072, while at the
average distance of the Earth from the Sun this value becomes approximately
equal to 1.95 x 107'%. Obviously, externally to the Sun, such term decreases with
the square of the distance from the centre of the Sun according to the formula.

On the other hand, the same term due to the mass of the Earth on the surface
of the Earth is approximately equal to 9.69 x 107 and obviously also here, exter-
nally to the Earth, decreases with the square of the distance from the centre of the
Earth according to the formula.

Moreover, now we have atomic clocks that have an error of 7.6 x 107! [18] [19]
and therefore, as we have already noted in [1], we can measure such differences
between the predictions of the commonly accepted Schwarzschild metric when
the cosmological constant is equal to zero and those of the same theory corrected
according to this article with appropriate temporal measurements made in the
solar system.

In particular, as we have already noted in [1], we could do a crucial experiment,

which discriminates between the commonly accepted Schwarzschild metric when
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the cosmological constant is equal to zero and the same metric corrected accord-
ing to this article, by taking one such atomic clock to diverse convenient locations
in the solar system for comparing its time measurements made at those various
locations with the corresponding time measurements made by another similar
clock here on Earth.

Now, since the corrections of this article to the Schwarzschild, Reissner-
Nordstrem, Kerr and Kerr-Newman metrics when the cosmological constant is
greater than zero strictly depend on the corrections of this article to the Schwarz-
schild metric when the cosmological constant is equal to zero [1] [2], we can say
that this crucial experiment would also discriminate between the commonly ac-
cepted theory about the Schwarzschild, Reissner-Nordstrem, Kerr and Kerr-New-
man metrics when the cosmological constant is greater than zero and the same
theory corrected according to this article.

On the other hand, in the usual experimental tests of the General Theory of
Relativity, no direct gravitational force measurements have been used so far be-
cause they are not very precise.

However, as we have already noted in [20] [21], according to the Schwarzschild

metric when the cosmological constant is equal to zero, in the usual case of
2GM

«1, taking into account that in this case (as we have already noted)

j , the correct expression of the gravitational force would be ap-

r, = r(1+ 2GM

proximately equal to [20] [21]:

Feorr (1,m) =

corr

—1-— (159)

GMm( 7GM )
r r

and the incorrect expression of the gravitational force would be approximately
equal to [20] [21]:

Fincorr(r’m); 2

(160)

The formulas (159) and (160) are expressed in the case with the velocity of light
c=1. Of course, in the case more general (in which ¢ is not defined equal to 1)
we have that the (159) and the (160) become respectively:

GMm 7GM
I:(:z)rr(r7m)E rz (l_ rcz J (161)
Fincorr (r,m);iﬂ(y f:ﬁ' j (162)

As we have already noted in [20] [21], although no gravitational force meas-
urements have been used to test the General Theory of Relativity so far, one might
consider doing so by sending probes close to the Sun where the difference between
the (161) and the (162) and the differences of the (161) and of the (162) with
respect to the Newtonian gravitational force are larger, and the GM product of

the Sun’s mass is known with a smaller relative uncertainty than the GM prod-

DOI: 10.4236/jmp.2025.163024

478 Journal of Modern Physics


https://doi.org/10.4236/jmp.2025.163024

C. M. Pace

uct of the Earth’s mass [22]. In fact, the relative error on GM product of the

Sun’s mass is approximately equal to 1 on 1.33 x 10'° [22], while the value of s
on the surface of the Sun is approximatively equal to 2.12 x 1075,

For which, according to the right sides of the formulas (161) and (162), it is
possible to measure the contribution due to the corrections made to the Newto-
nian gravitational force both in the case of the commonly accepted Schwarzschild
metric when the cosmological constant is equal to zero and in the case of the same
metric corrected according to this article, if we measure the distance from the
centre of the Sun with sufficient accuracy (and, of course, we know the mass m
quite precisely). Obviously, in order to do a crucial experiment between the com-
monly accepted Schwarzschild metric when the cosmological constant is equal to
zero and the same metric corrected according to this article we would also need
to measure the gravitational forces with sufficient accuracy.

Moreover, the best way to carry out such a crucial experiment would be to per-
form a series of measurements of the gravitational force at different distances from
the centre of the Sun, in order to also measure the trend of the gravitational force
as a function of these distances.

Now, here too, since the corrections of this article to the Schwarzschild, Reiss-
ner-Nordstrom, Kerr and Kerr-Newman metrics when the cosmological constant
is greater than zero strictly depend on the corrections of this article to the
Schwarzschild metric when the cosmological constant is equal to zero [1] [2] [20]
[21], we can say that this crucial experiment would also discriminate between the
commonly accepted theory about the Schwarzschild, Reissner-Nordstrem, Kerr
and Kerr-Newman metrics when the cosmological constant is greater than zero

and the same theory corrected according to this article.

12. General Conclusions

In this article, by starting from our corrections to the traditional Schwarzschild,
Reissner-Nordstrom, Kerr and Kerr-Newman metrics when the cosmological
constant is equal to zero [1] [2], we have obtained the formulations of the correct
Schwarzschild, Reissner-Nordstrem, Kerr and Kerr-Newman metrics when the
cosmological constant is greater than zero.

All these corrections have been made assuming that the General Theory of Rel-
ativity is valid, Ze without changing the General Theory of Relativity [1] [2].

As we have seen, the correct solutions of all these metrics do not entail any event
horizon and, consequently, any black hole, since there is not any black hole with-
out an event horizon [1] [2] [20] [21]. Therefore, this article confutes all the phys-
ics that on the basis of all these metrics foresees the possibility of the existence of
event horizons and black holes [1]-[4] [20] [21] [23] [24].

Moreover, we can note that all these correct metrics are in accordance with the
symmetry with respect to time, Ze. the invariance for time reversal T, of Ein-

stein’s field equation [1] [20] [21] [24]-[29], which symmetry excludes the possi-
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bility of event horizons, and therefore of black holes, in general [1] [20] [21].

On the other hand, we have seen that there is no available experimental data
that can discriminate between the commonly accepted theory about the Schwarz-
schild, Reissner-Nordstrem, Kerr and Kerr-Newman metrics when the cosmolog-
ical constant is greater than zero and the same theory corrected according to this
article.

However, we have noted that, in theory, it is possible to perform in the solar
system some crucial experiments, that discriminate between the commonly ac-
cepted theory about the Schwarzschild, Reissner-Nordstrem, Kerr and Kerr-New-
man metrics when the cosmological constant is greater than zero and the same
theory corrected according to this article. Therefore, it would be appropriate to
try to make one of such crucial experiments.

Finally, according to this article, all the physics that is based on the incorrect
Schwarzschild, Reissner-Nordstrom, Kerr and Kerr-Newman metrics when the
cosmological constant is greater than zero should be modified on the basis of the
correct formulas that we have obtained.

Obviously, the introduction of such new correct formulas for the Schwarz-
schild, Reissner-Nordstrem, Kerr and Kerr-Newman metrics when the cosmolog-
ical constant is greater than zero can have many applications both in the gravita-

tional physics and in the analysis of astronomical data.
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