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Metrics with irreducible mass leading to a correct parameter
dependence of gravitational effects around charged and rotating bodies

Zahid Zakir !

Abstract

The standard metrics outside of charged and rotating sources (Kerr-Newman in general, Reissner-
Nordstrom and Kerr in particular) contain the total mass at infinity, which includes both the mass of a
neutral non-rotating body and the mass equivalents of rotational and electric field energies. Therefore,
the total mass is related with other parameters of the metric - angular momentum and charge. However,
at studying the dependence of gravitational effects on parameters, this relationship was ignored, assuming
total mass to be constant at varying angular momentum and charge. This error led to physically absurd
predictions about the weakening of gravity and its effects with increasing the rotational and electric field
energies. To eliminate such errors, the total mass must be expressed in terms of independent parameters
- the mass of the neutral non-rotating matter of the source, charge and angular momentum. Recently this
has been done using as an independent parameter the mass determined from the gravitational radius at
the pole when the charge is only on the surface (Zakir, 2022). In the present paper it is used “irreducible
mass”, earlier defined heuristically as the remainder of total mass after the removal of angular momentum
and charge. Earlier, the mass formulas expressing total mass in terms of irreducible mass were proposed
by Florides (1960) (improved by the author (2022)) for charged bodies and then by Christodolou (1970)
for rotating and Christodolou-Ruffini (1971) for charged rotating sources. In the paper, the standard
metrics are transformed to metrics with independent parameters by substituting the expression for the
total mass according to these mass formulas. It is shown that the metrics in this form lead to a physically
correct dependence of the effects of gravity on the parameters, in particular, the growth of the rotation
and electric field energies strengthens gravity and its effects, such as time dilation and redshifts, increases
radii of orbits and the area of shadow.

Keywords: total mass, charge, angular momentum, Reissner-Nordstrom metric, Kerr metric, Kerr-Newman
metric, mass formula, redshifts, photon orbit, orbits of particles, shadow
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1. Introduction

Standard metrics outside sources of gravity, Reissner-Nordstrém (RN) for a charged, Kerr
for a neutral rotating and Kerr-Newman (KN) for a charged rotating one, being exact solutions
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of the Einstein equations, contain as the main parameter the total weight the total mass of the
source M , determined from the coincidence with the Schwarzschild metric at r — oo [1-5].
But M , the mass equivalent of the total energy in a sphere of infinite radius, contains as

the mass of a neutral non-rotating source M, and the mass equivalents of the rotational and
the electric field energies. Therefore, M depends on other parameters of the metrics — the
rotation parameter a (angular momentum per unit mass) and the charge Q of the source.
However, at studying the dependence of gravitational effects on parameters, this fact was
ignored, assuming M = const at varying a and Q . The result of this mistake was physically

absurd predictions about the weakening of gravity and its effects with the addition of the
rotational and electric field energies [2-9].
In fact, M is an integration constant with respect to coordinates only, but is a function of

independent parameters M, a and Q. Thus, the standard metrics were solutions up to some

function M(M,,a,Q). Therefore, in order to completely solve the problem, excluding the
above errors, it was necessary to find an explicit form of this function, after which the
substitution of the expression M through M, a and Q into the standard metrics transforms

them into the metrics with independent parameters.
The problem of finding metrics with independent parameters was firstly formulated and
solved in the simplest cases in the previous papers [10,11] (see also [12]). In the KN metric, the

mass M, of a source with a charge on the surface, in particular, on the surface of infinite
redshift, was identified with the effective mass M, defining from the gravitational radius at

the pole I =2M, =M +«f|\/|2—a2 —Q? . By expressing M through M., aand Q,it

was found the simple mass formula:
a’+Q?
L.
4M

+

M=M @)

The choice M, =M, and substitution of (1) into the KN metric led to the physically correct
predictions about strengthening of gravity and its effects with growth a and Q.

However, independence M, from Q was clear for charged non-rotating sources only,
while independence from a was only assumed and was not proven. In this regard, it is of
interest to study other possibilities for determining M, .

In the present paper it will be studied the consequences of the identification M, = M,
where M, is “irreducible mass", usually defined heuristically (using specific processes) as the
remainder of the total mass after removal of angular momentum and charge. Mass formulas
expressing M through M. were proposed by Florides (1960) [13] (improved by the author

(2022) [10]) for charged bodies, Christodolou (1970) for rotating [14] and Christodolou-Ruffini
(1971) for rotating charged sources [15]. Below it will be used the Christodolou-Ruffini mass

formula [12]:
2 \? 2
M?=| M, + |\, = @
4Mir 4Mir

Substituting the expression for the source’s angular momentum J = Ma allows us to
write the mass formula (2) in the form M = f (M. ,a,Q) , more convenient for applications:

ir?
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1+Q%/4M?

ir 2 5" (3)
Ji-a? /aM?
At a =0, two formulas (1) and (3) coincide exactly, and in this case M, = M, where

2M@ =M +M?-Q°. At a’>0, one has MZ=M?+a’/4>M?, and at
a— 2M,, the dependence M on a in (3) is singular, while in (1) it is regular.

Substitution of Eq. (3) into the standard KN metric transforms it into a metric with
independent parameters M. , a and Q. At studying the dependence on a and Q of the

ir?
properties of compact sources and the effects of gravity around them, this form of the KN metric
is more correct, both from mathematical and physical points of view.
In the paper the theoretical and observational consequences of this new form of the KN
metric are considered. In Sections 2 and 3, the consequences of new forms of particular cases,
the RN and Kerr metrics, are presented, and in Section 4, the full KN metric is discussed.

M=M

2. Metric with irreducible mass for charged bodies and its consequences

2.1. The Reissner-Nordstrom metric in terms of irreducible mass

The space-time interval outside a spherically symmetric body with a charge Q in the rest
frame of its center is given by the RN metric:

ds® = g, (r)c’dt® + g, (r)dr? —r*(d&” +sin’* 8d¢p?), 4)
B} 2M  Q?
900 :_9111 :1_T+?_2E f(r). ®)

Here the total mass M coincides with the Schwarzschild mass in the asymptotics I — oo and
therefore includes not only the mass of a neutral body M, (which in this paper we will identify

with irreducible mass M, = M,.), but also the mass equivalent of the electric field energy

(proportional to Q?) in a sphere of infinite radius. Therefore, M depends on Q and we find
this dependence from the mass formula (3) for J =a =0:

2
M =M, + Q . (6)
4"\/lir
Substitution (6) into (5) gives for the time and radial components of the metric:
2 2 2
2Mir+Q /2Mir+Q_2:1_2Mir_ Q (l_ZMirj1 (7)
r r r 2M,.r r

or in a more compact form:

_ _nl_ _2Mir _ Q2
gOO_ gll_(l r j(l 2Mirr]' (8)

Thus, the RN metric in terms of irreducible mass (7)-(8) transforms to the metric with
independent parameters M, and Q . In the region I >2M. > Q| this metric has no
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singularities. In the standard RN metric (5), the sign of the electric term is positive
+Q2 /r? and opposite to the sign of the Schwarzschild term —2M / r, and therefore the
growth of Q under the condition M = const increases ¢, , which means the weakening of
gravity and its effects [6,7].
On the contrary, in the RN metric with independent parameters (7), containing the
independent parameter M, instead of the dependent one M, the bracket in (7) is positive
outside the source I >2M,. > Q and, therefore, the contribution to the metric of the electric

field energy, given by the term with QZ, has the same sign as the contribution of the neutral
matter energy given by 2M, /r. As a result, growth of Q strengthens gravity and its
observable effects, and these physically correct dependences on Q are given in the Section 2.2.

For a neutral test particle moving on the equatorial plane and having the mass y, the
energy E and the angular momentum L, the equation of motion has the form:

2
eV ©

where the effective potential V , taking into account (8), has the form (k = 0,%1):

L2 2M. Q?
VZ=|k 1- 1= .
[ +ﬂ2r2J( r j[ 2|\/Iirr-] (10)

Notice that the growth of Q lowers the effective potential, increasing the gravitational

attraction to the source, and at the same time, the contribution to V of the electric field energy
has the same form as the contribution of the rest energy of a neutral body.

2.2. Correct dependence of gravitational effects on source charge

The proper time interval between two events A7 = gé{f(r)At for a test particle that is at

rest near the source at the point (r, &, @) =const is less than the interval At between the

same events according to distant clocks. This is the gravitational slowdown of proper times
which for two forms of the RN metric (5) and (8) is given by:

2M 2 12

AT = At(l——+—2] : (11)
r r
1/2

ZM 1/2 2

AT® = At|1-——0 | 11— Q : (12)
r 2M..r

As shows Fig. 1, the growth of Q in (11) at the condition M = const leads to an increase

T
In Qg

situation takes place in (12), where the growth of Q decreases gé{f(r), which means the

(r) , which means the weakening of gravity and the time dilation effect. The opposite

strengthening of gravity and the time dilation effect. In this figure and below M ,Q and a are
given in units M. .
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M= const

010203 0405060708 09 10 010203 040506070809 10
Q Q
Fig. 1. Dependence on Q of time dilation, Fig. 2. Dependenceon Q of redshift, r = 6M,, .

r=6M,.

The gravitational redshift follows from the gravitational slowdown of proper time.
Frequency o (in terms of t) of photons from a source resting at a point (r, &, @) near the

collapsar, when received far away, there will be less than frequency @, of local photons

emitted near the observer: @< @, . The redshift factor 1+ 2z =a, / @ =g, in the two

cases under consideration is given by the expressions:

2 -1/2
l+z(a’:&:(1—2—M+Q—2j , (13)
) roor
~1/2 P -1/2
1+z‘b>=@=(1—2'v'"j -2 . (14)
@ r 2M,.r

As shows Fig. 2, with growth in Q the gravitational redshift decreases in the case (13) and

increases in the case (14).

Equations of motion in the RN metric (5) and their solutions for geodesic trajectories,
especially for several distinguished orbits and a shadow, are well known (see [1-7]).
Corresponding formulas for the new form of this metric with independent parameters (8) follow

from them when substituting instead of M its expression through M, and Q in (6). For this
reason, it is sufficient to present only the results for the former and new dependences on Q .

The formulas for the radius of the photon orbit, £ interms of M and then r{? in terms
of M., are:

ir?

_8’

2 )

r;;":glvl 1+,[1 (15)
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2 2

rey _3 M, + Q V1s 1o 8Q2 = |- (16)
2 4M,, 9(M, +Q°/4M,)
For the radius of the innermost stable circular orbit of a massive particle Iy, we have:
a 1(,_3%Q°

rI(SC)O:M|:2+§+E(4_ MZJ}’ 17)

b Q’ 1 Q°
ro =M, + 2+E+ =] 4 : =1, (18)

4'\/Iir 5 (Mir+Q /4M|r)

=

In this case, in the formula (18) for & from , (19) its expression is substituted (6) for M .
For the radius of the shadow of a charged collapsar A, = phggélz(rph), by substituting

Jgo from (5) and (8) with 1, from (15)-(16), we obtain the formulas:

 an?2 2
L@ 3y 1+/1-8Q% /9M 0)

T2 famin, Qi

3 2 ) 1+,J1-8Q%/9(M. +Q*/4M. )*
ﬂc(b) :_(Mir_’_ Q J \j Q ( ir ZQ |r) . (21)
2 AM; ) \J@-2M,, 11, )(1-Q 12M,1,,)
M’(ﬂzfir, Q] M= const
7 7
"isco
6 6 .
1SCO
rs 7\-6 r3
KC
4 4
¥ //
N h /// N .
?‘_,_//// \
? .E_';;’ofs 08 10 12 14 16 18 T 0s 06 o8 10 12 14 16 1%
0o Q

Fig. 3. Charge dependence of radii of orbits and Fig. 4. Charge dependence of radii of orbits and sha-
shadow in the RN metric with irreducible mass. dow in the standard RN metric and M = const .
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‘ ‘ ‘ M(M”,Q)

Q=0 Q=0.5 Q=1

‘ ‘ M=const

Fig. 5. Charge dependence of the shadow a charged collapsar in two approaches.

New curves for the dependence on Q of the radii of the orbits réﬁ) : r,E;gO and the shadow

A% go up (Fig. 3), because with strengthening the gravity due to the increased energy of the
electric field, the stable orbits become located at a greater distance from the source. In contrast
to this the former curves for réﬁ), r,(;go , and lc(a) (under the condition M = const) go down
(Fig. 4), which is absurd from a physical point of view. A more visual picture of the shadow
behavior is shown in Fig. 5.

3. The Kerr metric in terms of irreducible mass and its consequences

3.1. The Kerr metric in terms of irreducible mass

A line element around a compact rotating source with axial symmetry, whose axis is
directed along @ =0, takes the form:

ds® = g,,dt* +g,,dr* + g,,d0° + g,,d” + 2g,,dtd ¢, (22)

where tis world time and the metric has the form gw(r, 6) . The standard form of the Kerr
metric leads to the same line element in terms of Boyer-Lindquist coordinates:

2

2
ds® = (1— 2Mr}dtz —’%dr2 i
o)

(23)

2
—(rz +a’+ 2M2a sin’ ¢9jsin2 0dp® + 4M2ra sin® 6d pdt,
o)
p’=r>+a’cos’d, A=r’>+a’—2Mr, (24)

On the equatorial plane (8 = /2, p° = r*) the Eq. (23) simplifies:

2 2
ds® :(1—mjdt2 —err2 —(rz +a’+ 2Ma jd(p2 +%d¢dt. (25)

r r r
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Atthe pole (0 =0,7; p°> =’ +a°) the Eq. (23) takes simplest form:

A r’+a’
ds® = dt? — dr?. 26
r’+a’ A @)
In the Kerr metric Q = 0and the mass formula (3) takes the form:
M, a’
M=———=M, + +... 27)
Ji-a2/4am? 8M;,

Here M includes not only M, , but the mass equivalent of the rotational energy also and

corresponding dependences on a of M and angular momentum J = Ma are shown in Fig.
6-7.

116 12
114
1.0 J=Ma
112 P
g
1.104 os g
s
1.08 v
7 M= const
Mo Jo6 //
v
1.04+
0.4
1.02-
M= const
1O == e e e e 02
0.98-
0.1 02 03 04 0.5 06 0.7 08 09 L0 01 02 03 04 05 0.6 0.7 0.8 0.9 10
a
a

Fig. 6. Dependence on a of total mass M . Fig. 7. Dependence on a of angular momentum.
Thus, the standard form of the Kerr metric (23) includes M as the main parameter, but

this parameter depends on a, another parameter of the metric. The mass formula (27) allows
to express M through independent parameters M. , a and this transforms the Kerr metric

ir?

into the metric with independent parameters. Then the line element (23) takes the form:

2rM. P’
ds® =| 1- i dt* - Z—dr® — p*d&” -

pil-a’/4M? A;

(28)

2M. ra’sin’@ | . 4M . rasin® @
—r*+a’+ Ir sin@de’ + ir dodt,
p2\1-a% 1 4M? prf1-a% 1aM?
A, =1’ +a’ - M, (29)

Ji-a?1am?’

On the equatorial plane the Eqg. (28) turns to:
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2
ds? = | 1- ——2Mu dt? - —dr? -
rfl-a’/4Mm? Ay
(30)
2
—|rr+a’+ 2M,a de® + M, 2 dedt,
ryl-a’/4am? ryl-a?/4M2
and on the pole:
A r’ +a’
ds? = —r_dt* - dr?. 31
r’ +a’ A (1)

Ir
At r>2M and a < 2M,, the metrics (29)-(31) do not have singularities.

Earlier, at studying the dependence on a of the observable effects in the gravitational field
of a rotating source, it was erroneously assumed M = const at changing a. Then this led to
an absurd prediction that adding rotational energy weakens gravity and its effects [2-5,8-9].

In contrast with this, the metric with independent parameters in Eq. (29) shows that in fact
the growth of a, leading to an increase M due to the contribution of the rotational energy,

reduces J,, and thereby strengthens gravity. Aa the result, its observable effects, such as
redshifts, average radii of orbits and shadows, increase with increasing a .
Thus, the transition to the Kerr metric with irreducible mass M, (28), performed by

substituting (27) into (23), corrects previous errors and makes the predictions physically correct.
The corresponding formulas and curves for the observable effects are given in Section 2.2.

3.2. Gravitational effects in the Kerr metric with irreducible mass

Equations and integrals of motion in the standard Kerr metric (23) with M together with
formulas for the radii of special orbits are well known and are presented in [2-5,8-9]. To obtain
the corresponding formulas for the Kerr metric with irreducible mass (28) it is enough to make
the substitution (27) in all formulas for the observable effects. The new dependences on a that
follow from such a replacement are presented below.

a. Time dilation and redshifts.

Gravitational time dilation at the point (r, 8, @) = const, i.e. slowing down of proper

time ¢ with respect to t, is given by A7 = At gégz(r, ) . For two cases, (a ) at the choice

M = const and (b) at M (M, ,Q), this gives:
12
AT® = At(l— 2l\/|2rj , M =const. (32)
o,
12
2M.
AT® = At| 1- il (33)

pil-a% 1 4M?
At the equator (& = 7z / 2) these formulas are reduced to:

1/2
AT® = At (1—2—M] , M =const. (34)
r
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1/2
AT® = At| 1- 2M, (35)
ryl—a’/4Mm?
while on the pole (8 =0):
2
2M [t " 2M, It
AT® = At (1——) . AT =At|1- s . (36)
1+a’/r? (1+a®/r?)\1-a*/ 4M?
0.86 0.86
0=0 0= E
2
0.854

01 02 03 04 0506 07 08 09 10
a

Fig. 8a. Dependence on a of time dilation at the
poles, r =6M;,, .

1.17

M= const

01 02 03 04 05 06 07 0.8 09 10
a

Fig. 9a. Dependence on a of redshift at the poles,

r=6M, .

01 02 0.3 04 0.5 06 07 08 09 L0
a
Fig. 8b. Dependence on a of time dilation at the
equator, r=6M, .

0=

T
2

M= const

01 0203 04 05 06 07 08 09 10
a

Fig. 9b. Dependence on a of redshift at the equator,

r=6M, .
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Fig. 8 shows the difference in dependences

on a in these two cases. 45
The dependence on a of the redshift

factor 1+2 = At/ At =gy’ is inverse

to the time dilation dependence and is
presented on Fig. 9.

b. Radii of photon’s circular orbits

The radii of the photon’s circular

orbit . in the two directions of rotation th
on the orbit are given by: 3.
I’éﬁ% =2M x
2 a @37) 25
x4 1+ cos| —arccos| F— )
3 M
(® _ 2M, (1+cosF) 2

= 38) 0205 04 05 06 07 05 0.
phF ) ( 0102 0304 05060708 0910
Jl-a*/4am; a

where Fig. 10. Radii of photon orbits Mo and Mo

a2

a;

Fzzarccos 11 1-
3 M

ir
Corresponding plots of the dependence on a of r,, and the mean radius
Foho = ( Fohs + rph_) / 2 (where the frame dragging effect is compensated), are presented in Fig.

10. The plots show that at M =const the mean radius I;,, decreases with increasing a,

while in the case M (M,,,Q), it increases with increasing a.
c. Radii of the marginally bound orbits.

Formulas for the radius of the marginally bound orbit I, with M and M, are:

(&) =2M {1+,/l$%]$a, (39)

r(b)_zL 1+ 1¢i,/1—a2/4M-2 Fa, (40)
" fi-a?lam? My, )

The plots for I, and I, =(r, +r,.)/2 areshown in Fig. 11.

d. Radii of the innermost stable circular orbits of particles.
The formula with M for the radii of the innermost stable circular orbits lg-q, is:

r|(sac)o; = M{3+ Zz + [(3_ Zl)(3 + Zl + 222)]1/2}1 (41)
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Z, =1+ (1-b)’[A+b)"* +(1-0)"*], Z,=(3b"+Z)". (42)

Here b® =a/M at M = const and at expressing M in terms of M., the Eq. (41) gives:

Ir?

r® L{:ﬂ- Z, 4—_[(3—21)(3+ Z + 222)]]]2},

ISCOF ’1_ a2 /4M 5 (43)
b® =2 fi—a?/am?,
M Ir

ir

M= const

Ln
L

———

—_—

[}

[¥]

01 02 03 04 05 06 07 08 09 1.0 01 02 03 04 05 06 07 08 09 10
a a

Fig. 12. Radii of the innermost stable circular

orbits of particles and their mean r,. - in

Fig. 11. Limit radii of the orbit of a bound state . .

r-ISCOi

and their mean lpo in the Kerr metric.
the standard Kerr metric.

Plots for Fgeo, and Fgeoo = (Nsco, + Nisco_) / 2 in both cases are shown in Fig. 12 .

e. The shadow of a rotating collapsar.

In the Kerr metric, the light-like equations of geodesics are separable and their solution is
simplified by the presence of four constants of motion - the rest mass of a photon (equal to
zero), energy E, angular momentum L and Carter's constant K. The coordinates (X, y) of

the edge of the shadow on the image plane, visible from afar on the equatorial plane, are related

to these constants as X=—L/E and y = iﬁ/ E . For a spherical orbit of a photon of
radius r, they satisfy the relations:

3 2 2 .2 2 22
X=r +a‘r+(a“—3r )M’ Y=t f3r +a; 2x . (44)
a(r—Mm) l1-a/r

The first relation (44) is the equation for r :

r’ —3Mr® +a(a—x)r+Ma(a+x) =0, (45)
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which can be solved by Vieta's trigonometric method [16]. By using notations

a(a—x) 1 a’
A(X)=1-————=, B(X)= (1— j (46)
3M2 |A(X)|3/2 MZ
the solution can be written as r(x) = M - F(x), where
F(x)=1+ Zﬁcos(%arccos Bj, A>0, B<L], (47)

'r“(x)=1+2ﬁcosh(%ln(\/82—1+ B)J, A>0, B>1, (48)
L (1 —
F(x) =1 2\/Wsmh(gln(x/8 11 B)), A<O. (49)

To obtain the contour of the shadow for a given x , we calculate r(x) from (47)-(49), then

M express through a according to the mass formula (27) and, substituting the result into the
second relation (44), we find y(x). The plots of the contour of the collapsar’s shadow are
shown in Fig. 13. For comparison, the contours of the shadow are also shown for the choice
M =const (Fig. 14). With growth a, the shadow area in the first case decreases, and in the
second case it increases.

Thus, in the Kerr metric with irreducible mass, the growth of a, which means an increase
in the rotational energy and strengthening gravity around the source, leads to an increase in
redshifts, radii of special orbits, and shadow area, as it should be from general physical
considerations.

s s . 5 0 2 M s 8 -8 s O 5 0 2 i p H
X X
Fig. 13. Contour of the shadow of a rotating collap-  Fig. 14. Contour of the shadow of a rotating
sar in the Kerr metric with irreducible mass, collapsar in the standard Kerr metric with

a=(0; 0.5 )M, . M =const, a=(0; 0.5, )M, .
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4. The Kerr-Newman metric with irreducible mass and its consequences

4.1. The Kerr-Newman metric with irreducible mass
The KN metric around a compact source with a rotation parameter a and a charge Q

follows from the standard Kerr metric by replacing 2Mr — 2Mr —Q?. Then, the line element
(23) takes the form [1-5]:

i aY: 2 —0?
ds? = (PMJW - L drt - paer +2@MI=Q7) Gz patd -

p P
2 (oM , (50)
—(rz +a’ +a(—r2_Q)sin26?Jsin20d(p2,
o)
AQ =r? _2Mr+a?+ Q% (51)

In the metric in Eqg. (50), its main parameter, total mass M , depends on two other
parameters a, Q and, therefore, M must be expressed through M., @ and Q according to
the mass formula (3) (Fig. 15). After that, the KN metric takes the form:

2 2 2 2
d32:[12rMi, 1+Q*/4M;  Q ]dtzp_drzpzd(,z

ot Ji—atiamz P AP
a’ 1+Q% /4M; . i
lrtsa?+ & 2Mirr—'r—Q2 sin? @ Sln29d(02+ (52)
,02[ 1_a2/4Mi2r
2 2
+2_3 2MirrM_Q2 sinzé?dtdgo,
o 1-a’/4M?
1+Q?% /1 4M?2
+Q/ ir +

" fima?ram?

On the equatorial plane (52) goes into:

2 2 2 2
dszzilelr 1+Q /4Mir _'_Q_}dtZAr_er(rZ_i_aZ)d(DZ

2 2

A =r?-2rM a’+Q% (53)

roJ1-a’/4mM? 1 i
| (54)
2 2 2 2 2 2 2
_a oM, 1+Q°/4M; Q7 d¢2+2_a oM, 1+Q°/4M; Q7 dodt,
r wfl—a2/4Mi2r r r ,/1—a2/4Mﬁ r
and on the pole:
A® r’ +a’
2 _ ir 2 2
ds® = Y dt A© dre. (55)

At r>2M and a < 2M;, the metrics (50)-(55) do not have singularities. In them, the growth

of a and Q, leading to an increase in M due to the rotational energy, decreases g, and
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therefore strengthens gravity. As a result, the
observable effects in the field of a rotating

charged source (redshifts, mean radii of orbits "
and shadow) increase with a and Q.
Previous predictions under the condition 13-
M = const [2-5,8-9] should then be replaced =1

with correct predictions taking into account the
dependence M on M,, a and Q. As M1

examples, predictions for the time dilation

effect and redshifts will be presented below. L1

4.2. Proper time dilation and redshifts

The slowdown of the proper time interval Lo M= const
At =Atgy(r,0) between two events
around the source with angular momentum and 010203 04 05 06 07 08 09 1.0
charge, according to (50), is given by the ) a )
expressions, respectively: (a) at M = const Flgt. _15. Total mass of the source in the KN
and (b) at using the mass formula (3): metric.
1/2
2Mr  Q°?
Ar@ = At(l— > +Q—2] , (56)
P P
) ) ) 1/2
2M. r 1+Q°/4M;
AT® = At| 1- =0 Q 'f+SL (57)

p? Ji—a’ramz p*)

The Eq. (57), written as:
1/2

2
Ar® = atly 2Mt {1+4‘§A2(1—2Mif,/1—a2/4|v|5ﬂ . (58)

pi1-a2/4M? r

clearly shows that the growth of a and Q increases the time dilation effect.

At the equator ( @ = 7z / 2), these formulas take the form:

2M QZ 1/2
AZ_(a) = At [1— —+ —2] s (59)
r r

12

2
ar® = at]1- Mo P+ Qz(l_ZM"V1_¥/4M51} N
rfl-a’/aM2 | 4M; r

and on the pole (€ =0):

2 1/2
AT® = At| 1- 2@ - +2Q AR (61)
rl+a“/r°) r°+a

12

2 2\-1 2
ryl-a?/4M? 4M;, r
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1+z

M= const

0.1 02 03 0.4 05 06 0.7 0.8 09 0.1 0.2 03 04 0.5 0.6 0.7 08 0.9
d
a
Fig. 16a. Dependence on a of redshift at the Fig. 16b. Dependence on a of redshift at the equator,
equator, r =3M,,. r=3M;.
. . ~1/2
The corresponding plots of dependence on aand Q of the redshift factor 1+2 = Joo
following from (59)-(62) are shown in Fig. 16.
Thus, an increase in aand Q in the KN metric with irreducible mass decreases g , i.€.,

increases gravity, increasing the degree of slowing down of proper time and the magnitude of
redshifts. As in the case of the Kerr metric, other effects of gravity are also amplified.

5. Conclusion

The standard form of the KN metric outside the charge and rotating sources includes three
parameters and one of them, the total mass at infinity M , depends on other two, a and Q. In
the paper, the metrics is reduced to the form with independent parameters, in which M is
expressed in terms of the reduced mass M. , defined as the remainder of the total mass at
a=0Q=0.

This made it possible to eliminate previous predictions about the strange behavior of
gravity and its effects at changing a and Q. These predictions were under the assumption
M =const at changing a and Q, and consisted of statements that the growth of a and Q,

leading to increasing the energies of rotation and the electric field, weakens gravity and its
effects outside the source [2-9] .

It is shown that from the RN, Kerr and KN metrics with independent parameters Mir, a

ir?

and Q the opposite predictions follow that the growth of aand Q , adding positive energies of

rotation and electric field, strengthens gravity and increases the magnitude of its effects. These
consequences are physically correct and in the future (for physically realizable values of the
parameters) will be confirmed by observations in the same way as it has always been with
physically correct predictions of general relativity.
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In conclusion, it should be noted that, from a physical point of view, it is also necessary to
take into account the negative binding energy of the electric potential that holds ions on the

surface of a source with radius r, . This binding energy sets upper limits on the source's

parameters a <a,, and Q <Q, ., , above which the ions leave the source due to centrifugal
or Coulomb repulsion forces. In the paper, it has been assumed that this binding energy is
sufficient to hold the ions, and that this energy is already included in M. Since for most states

of matter in the sources a’,, /I, < M, and QZ, /T, << My, the plots presented in the paper
are physically justified for the same small values of a and Q. The given plots for large values
of a and Q have purely theoretical nature and are of interest mainly at compared with similar

plots without taking into account the dependence M on a and Q.

A more detailed description of the consequences of metrics with independent parameters
and their further applications is given in the book [12].
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