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Abstract: Within the framework of the covariant theory of gravitation (CTG), the energy is
calculated for a system with continuously distributed matter, taking into account the
contribution of the gravitational and electromagnetic fields and the contribution of the
pressure and acceleration fields. The total energy of all the fields is equal to zero, and the
system’s energy is formed from the energy of the particles, which are under the influence
of these fields. From the expression for the energy, the inertial M and gravitational m,
masses of the system are found. These masses are compared with mass m;, obtained by
integrating the density over the volume, and with the total mass m’ of the body particles
scattered to infinity in order to make the energy of macroscopic fundamental fields equal to
zero. The ratio for the masses is obtained: m’ = M < m,, = m,. From this the possibility of
non-radiative ideal spherical collapse follows, when the system’s mass M does not change
during the collapse. In addition, the mass of the system is less than the gravitational mass.
In contrast, in the general theory of relativity (GTR), the ratio for masses is obtained in a
different form: M = m, < m, < m’. In CTG, the electromagnetic field energy reduces the
gravitational mass; whereas in GTR, on the contrary, the electromagnetic field energy
increases the gravitational mass. In order to verify the obtained results, it is suggested to
conduct an experiment on measuring the change of the gravitational mass of the body with
increasing its electrical charge.

Keywords: Relativistic energy; Mass; Acceleration field; Pressure field; Covariant theory

of gravitation (CTG).

Introduction

Modern physical theories usually describe the
energy, momentum and mass of a system in
four-dimensional formalism and introduce
various 4-vectors and 4-tensors to be taken into
consideration. In order to simplify comparison of
the obtained expressions, it is convenient to turn
to such a weak field limit, that most of the
formulae could be written in the same form as in
the special theory of relativity, without loss of
accuracy. In this work, this will be done for the
covariant theory of gravitation and general
theory of relativity; particular attention will be
paid to the meaning acquired by the mass in
these theories.

Energy and Mass in the Covariant
Theory of Gravitation

We will calculate the relativistic energy for
the body in the form of a sphere with the
uniform density of mass and charge, moving at
velocity v along the axis OX of the reference
frame K. The body under consideration is a set
of identical particles moving randomly in
different directions within the specified sphere
with the radius a. We will assume that all of
these particles are held together by the force of
gravitation. In order to simplify, we will assume
that the spaces between the particles are so small
that integration over the volume of all the
particles is equivalent to integration over the
volume of the sphere. The sphere is at rest in the
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co-moving reference frame K', associated with
the center of mass, and the velocities of particles
in K' are equal to v' and depend on the
coordinates.

Sergey G. Fedosin

The Hamiltonian for continuously distributed
matter in the covariant theory of gravitation is
obtained from the Lagrangian with the help of
Legendre transformations. This Hamiltonian is
equal to the relativistic energy of the system and
has the form [1-2]:

1
E ZZI(p°9+p°W +p0q(p+pop) u’\J-g dx'dx’dx’ -

2

2
-] = o o p ¢
lexG * 4u, * 167 o

Here, c is the speed of light, p, is the mass
density of an arbitrary point particle in the
reference frame K ,, associated with the particle,

9 is the scalar potential of the acceleration field,
v is the scalar potential of the gravitational

field, p,, is the charge density in the reference

frame K,, ¢ is the scalar potential of the

electromagnetic field, g is the scalar potential

of the pressure field, u” denotes the timelike
component of the 4-velocity of the particle,

«J—g includes the determinant g of the metric

tensor with the minus sign, dx'dx*dx’ is an
element of the three-dimensional volume in the
reference frame K, G is the gravitational
constant, QDW is the gravitational tensor, L, is

the vacuum permeability, F,, ~ is the

electromagnetic tensor, u,, is the acceleration

tensor, fy is the pressure field tensor, 77 and

v

O are constants.

For our purposes, it suffices to consider the
expression for relativistic energy (1) in the case
when the sphere under consideration is at rest in
K . Then, all the calculations can be performed
in the reference frame K' associated with the
system’s center of mass. Let us assume that the
gravitational field is small and the covariant
theory of gravitation turns into the Lorentz-
invariant theory of gravitation. In this case, the

metric tensor g,, o longer depends on the

coordinates and is transformed into the metric
tensor of Minkowski spacetime 77, which is

S wd "

()

c2

- u u™ | \J—g dx'dx*dx’.
l6zn j &

used in the special theory of relativity. For the
case of the single fixed system, the expressions
for physical quantities are as follows:

19=cg0ﬂu”=cu0=7/'cz, u’ =u,=y'c,
2
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LFW Fro=-S0 B2 2B,
4u, 2

¢’ 1
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/—g -1,

¢’ 1

u" =———(S§*-c*N?), 2

Torn ™ 87”7( ) (2)

1

V' is the particle’s velocity in K', T' is the
gravitational field strength, € is the torsion
field vector, E is the electric field strength, B

is the magnetic field induction, &, is the vacuum

where the Lorentz factor is y'=

permittivity, C is the pressure field strength, I
is the solenoidal vector of the pressure field, S is

the acceleration field strength, N is the
solenoidal vector of the acceleration field.

Substituting expressions (2) into (1) gives the
following:
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E, = J.(pocz}/,"'pol// +Poq<0+/0080) y'dx 'dx *dx’ +

+I[§;%;(F2—62£f)—€§(E2—c2BZ)— !

First, we will calculate the first integral in (3).
According to [2], the Lorentz factor y' for the

particles inside the fixed sphere is function of the
current radius 7 :

' Y.
y'=——=———=sin| — /47N p j
r4zn p, (C ’

271 Py 7Y,
3

_(CZ _6212)_L(S2 _
o 8

J.pocz}/'2 dx 'dx *dx’
4z n

C}’

In (5), the mass m is the product of the
density of the particles’ mass p, by the volume

V, of the sphere which is at rest in the reference

frame K'. The origin of the factor ;/cz in (5) can
be understood from the following. The quantity
P,7. is the mass density of the particles in the
center, which can be seen in the reference frame
K. Then, PoY.V, =my.=m,
gives the mass of the particles in the sphere for

the observer in K' in the case, as if all the
particles were in the center of the sphere. It is

obvious that m, >m=p,V,.

the product

In (5), it occurs

that mczyc2 =mcc2 Y., meaning that the total

energy of the particles, increased due to the
internal motion of the particles, is regarded by

the Lorentz factor y.. The second term in (5)

appears due to the radial gradient of mean
velocities of the particles inside the sphere and
takes into account that not all the particles are
located in the center of the sphere.

The scalar potential of the gravitational field
in (3) inside the sphere, according to [2], is equal
to:

s1n( ‘/47”7/00) ~mely? ———r<
2 41/47r77p0 Sa

2N2)j dx 'dx 2dx .
N
3)

where y_ = is the Lorentz factor for

S S
velocities v, of the particles in the center of the
sphere, and due to the smallness of the argument

the sine can be expanded to the second-order
terms.

For the first term in the first integral in (3)
with regard to (4) in spherical coordinates, we
can write:

4
ey J.—sm ( ,/4nnpojr2sin0drd0d¢

®)
37]11’! 2}/2

2
2 _Ger COS( \/4m7poJ
c
Ge
——?/sm(c,MnnpoJ (6)

rnyann p,
_27Gy, py(r’ =3a’)
3 :

Based on the similarity of the gravitational
and electromagnetic fields, we can write for the
electric potential, similarly to (6):

c’y.
o, :—4— cos . 1/47177,00‘1

TENN

3

c’y.
+ < sin ,/47177/))
dreyrn,4rn p, (C v

J/L' qu (r2 _3a2)
6¢, '

~ —

()

The scalar potential of the pressure field
inside the sphere equals:
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~ oc’y, where (_ denotes the potential of the pressure
P =0~ 1 field in the center of the sphere.
3 Substituting (6), (7) and (8) into (3), taking
J"&Sin(i*ﬂ‘ﬂ-nl)oj , ® into account (4), we find:
riNJA4nn p, ¢
2mop,r'y,
¢ 3
Ipol//,. y'dx dx *dx’
G s COS(%«M”UPoj
TP Te —sin(£1/4ﬂnpojr2sianrd9d¢
n 47”7/30 _;sin(z I4ﬂnp0j r ¢
ry4rn p, c
©
4 2 %Sin(g\/“'ﬂnpoj
c
:Gcz}/C COS(E\/“”UPOJ s L sin(z—a1/4ﬂnpoj
n c (a j 2 44rnnp, c
—acos| —\/4zn p,
c
L Gmy
2a
3 2.2
[ P, v dede ~ 29 1= (10)
8re,a
jpogoy'dxldxzdx3
2 3
cy. Py ocy. oc’y, . 1. (r ) .
=—=—||fp. - + sin —1/47777pj —s1n(—1/47777p jr sinfdrd0d¢=
J4zn p, { n rnfarnp, (C ’ ]r c ’
oc’y, c . (a (a j
[ < sin| —J4rn p, |—acos| —\4xnp, ||+
_czyc ( n \Jarn p, ¢ ’ ¢ ’
n oc’y. | a c .(2a j
+ £ —— sin| —./4nnp
n 2 4faxnp, \c ’
~mpy 3T
Cyc 10a N
)
With regard to (5) and (9-11), the first
integral in (3) will equal:
[(pucy'+ poyr + Py, @+ po ) 7' dx 'dx dx?
Inm2v: 3G miv:  3q2y? 3om 22 (12)
=me’y? - nmwy. my”+q}/”+mgoc}/c—o-my"’.
Sa 2a 8re,a 10a
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The gravitational field strength and the
torsion field inside the sphere are given by the
formulae:

oD

r=—vVy-—,Q=Vx
t

D, (13)

where D is the vector potential of the

gravitational field.

The vector potential of each particle is
directed along its velocity, and due to random
directions of the particles’ velocities, the total
vector potential D inside and outside the sphere
is zero. Consequently, the torsion field will also
be zero: 2 =0. Substituting the scalar potential
(6) into (13), we find the gravitational field

I' =-Vy,

;sm( ‘/47r77p0j
Gy JAmnp, e
r3
7 —rcos( «/47”7/00j
c

4nG pyy.r
3

~ —

(14)
Taking into account (14) and the equality

Q=0 for the integral of the first term in the
second integral in (3), we have:

f

strength:
;(Fz 2_(2,.2)dx Ydx 2dx’
R 1€}
2
Ge'y? c . (r r 1
= < sin| —/47 —rcos| — /4 —dr
e J. \/47”7/00 B 1Py - 1 Po 2
(15)
Gyl | 2rnnpya \/47”7/30 ( a j (a
sin| — /4 ——sin"| —\/47
87r77 p([ 2 e c e c nPo
G m’y’
10a
According to [2], the potential of the
gravitational field outside the sphere equals:
Gy, 3nm

v " nrJarnp,

From this, it follows that the gravitational mass

of the sphere is equal to the quantity
3nm

m,=my_|1- .

& y”[ IOaCZJ

I =—Vy = Gc'y,r

’ " nr’Jdrnp,

_ AnGp,a’yxr  Gmy,r

3r° P

{sm[ 1/47z17poj —\4rnp, COS[EJ47Z'T[ Lo ﬂ r _Gmr. [1—
c c r

)

Using (13), with D=0, we find the field
strength:

10ac
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Substituting I"

Q=0, we find for the gravitational field
outside the sphere:

1

into (3), using the equation

—(F2 2!202)dx 'dx dx’
87G 16
2 .2 2 2
sz yc I%d},:Gm }/L'.
2a
The sum of (15) and (16) equals:
L(ﬁ —cQ? )dx 'dx *dx’
87G
17
=3Gm27/f (17
S5a

The calculation of the term with the
electromagnetic field in (3) is done similarly and
gives for uniformly charged particles inside the
stationary sphere the following:

—J.E—O(Ez—csz)dxldxzdx3

, (18)
3¢yl

207r$0

where the charge ¢ is the product of the charge
density Pog of an arbitrary particle in the
reference frame K , associated with the particle

by the volume ¥, of the stationary sphere.

In Minkowski space, the 4-velocity of the
stationary sphere is u, =u;, =(c,0,0,0), and
based on the definition of the total 4-potential of
the sphere’s pressure field f

—J. —(C2 ) dx'dxdx’® =

2n

6 2
oc’yl | 2znp,a AT p
—_ { 772/00 L 4 ( «/47”710())——51 (

8xn’p,| ¢

om’y!
10a

~ —

2
4 2
__oc z/c J{\/47:77p sin(f,/47mp0j—rcos( ,/47[77/30):] Lz =
0
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7, =L g = [50 nj, we find =22,
Py€ ¢ P

II=0, where p, denotes the density inside the

the scalar

stationary sphere. In this case,

potential ¢, density p, and pressure inside the
sphere p, are functions of the current radius

inside the sphere, and the equality II =0 for the
vector potential of the pressure field in this case
follows from the absence of ordered motion of
particles inside the sphere. In view of this and
(8) for g, the vectors C and I inside the

sphere are expressed as follows:

C=—Vgo—aa—rtI=—Vgo,I=VxH=0.

In case of uniform mass density p,,

calculations for the vector of the pressure
strength inside the sphere give the following:

C=-Vp

c
, ﬁsm( J47r77p0j
_ocy.r 71 Po ¢
=
7 —rcos( 1/47r77poj
c

~47rapo;/cr
3

Using this, we calculate the integral for the
pressure:

(19)

qm

)
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We have to calculate one more term in the
second integral in (3). The components of
vectors S and N for the acceleration field are
found as follows:

ou

S=-V8——, N=VxU,
ot

where the scalar potential $ and the vector
potential U are part of the 4-potential of the

acceleration field u, =(£,—Uj, which is a
c

covariant 4-velocity.

In the limit of special theory of relativity

1
uu :(cy7_v7/), where 14 :ﬁ
1_v2/02

Lorentz factor for the velocity v of the particle’s
motion. In the reference frame K', the particle’s
velocities inside the sphere are equal to v’ and
y" should be used instead of y. Then, the
potentials of an arbitrary particle will be

§=c’y', U'=v'y". We need the total

is the

potentials of the acceleration field inside thef

—J. —(52 c*N ) dx'dx dx’ =

8rn

04}/2 (2 j
—| = sin Jarnp
20 |2 4faznp, \c '
nm’y;
10a

Substituting (12), (17), (18), (19) and (20)
into (3), we find the relativistic energy of the
system:

4 pya

2,2 2,2
E, =mczyf—3nm Y. 3Gm7y,
Sa 2a
2,2
+3q V. +msocyc_3am .
8re,a 10a D
L3Gm*yl 3¢y
Sa 20meg,a
_om’y; nm’y;
10a 10a

sphere, emerging due to direct interaction of the
particles with each other and due to the influence
of fields. In case of random motion of particles,
the velocities Vv’ are directed in different
directions, and therefore, inside the sphere
U=0 and N=0. However, the total Lorentz
factor of particles y' is a function of the current
radius, and the total scalar potential 3 = c? y' is
not equal to zero. With regard to (4), for y', it
gives the following:

S=-—*Vy'

c
——sin 1/47r77pj
_clrr |4 p, (C °
==
—rcos( ‘/47r77p0j
c

ATnpyy.r
3

We will calculate the last integral:

(20)

2

(275

In [2], the coefficients ©
calculated for the case under consideration:

and 77 were

2
n=c=3G-—4__

22
dre,m’ 22

If we substitute (22) into (21), we will see
that the field energies are canceled completely.
Only the energy of particles in corresponding
fields remains:
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E, =mc’y’
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3Gm2 2 3q2}/2 23
(23)
2a 871'8061
e 10a

Equation (22) fixes a definite relation
between the pressure field, acceleration field and
gravitational and electromagnetic fields. This
relation according to [2] reveals the fact that the
conserved integral 4-vector, which is the result
of integrating the equations of motion, is equal to
zero. In this case, condition (22) appears, and
within the given model the 4/3 problem is
explained.

Let us estimate the total mass of particles in
the sphere, for which, taking into account (4), we

density p, =p,7" of
particles in K’ over the sphere’s volume:

integrate the mass

mb=j poy' risin@drdOdd

4
ﬁpocy’fj.sm( 47r77p0j rdr

\/47”7/)0
e rp— j
A V4ﬁnpo$n(c e
—acos( \Jarn poj
¢

3nm
~my,|1- 1 = |-

10ac
Hence, by solving the quadratic equation, we
2

3nm,
10ac’y,
link the charge g with the charge ¢, of the

24

obtain: my, =~ m, + . Similarly, we can

sphere, which is found by the observer in K':

2
q7.=~q, +377_q2,,' We will substitute this
10ac”y,
into (23), given n =0 from (22):
3 2
E,=m,’y, -2
Sa
, , (25)
3Gm, 3q,
- + Tm, 0,
2a 8reya
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From (8), we will express the scalar potential
g0, of the pressure field in the center in terms of

the potential ¢ near the surface of the sphere,

and will consider the ratio
3
m }/c ~ mb n mb
10ac’y,
- ZEG/;OazyL, ‘o,
(26)
omy, om,
=—Ctp v—L4
2a e 2a o,

Similarly, from (4), we will express ¥, in

terms of the Lorentz factor y_ of the particles
near the surface of the sphere:

2
‘ 27)
L LY/, LU
* 0 2ac? * 2ac?

If we take into account (27) and (22) into
(24), we can specify the relation between m,

+ nm,
2ac2}/S

and m :

3nm
10ac*

m, zm}/‘q[l—
nm’
Sac

3Gm?® 3 3q°

2

mmy,+ (28)

2

~m+

Sac 207 g,ac’

Substitution of (22), (26) and (27) in (25)
gives the following:

E, =M c’
3G m}
=m,c’y — b 29
b }/s 10a ( )
3q,
+ +m
40z e, +

(29) shows that when the covariant theory of
gravitation in the weak field limit turns into
Lorentz- invariant theory of gravitation, all fields
in the system, including the acceleration field,
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pressure field, electromagnetic and gravitational
fields compensate each other so that the
relativistic energy depends only on the mass, the
energy of gravitational and electromagnetic
fields, the energy of the surface pressure and the
velocity of particles on the surface.

The scalar potential of the pressure field near
the sphere’s surface is connected with the

S

pressure by relation: @ =-—

s

, where p_ and

p, denote, respectively, the pressure and the
mass density near the surface of the sphere.
Using the relation m, = pV,, where p is the
average density with respect to the sphere’s

volume, we find: m, o . =p_ V, L p,V,. For

those massive bodies, in which we can assume
y,~1 and neglect the pressure p . on the
surface, (29) becomes a simple expression:
2 2
» 3Gmy 3q,

E ~mc — + . 30
b 10a  407g,a G0

From (29), we will express the mass of the
system consisting of the matter mass m, and the

mass of the four fields associated with this
system:

sosJ_3Gm§+ 34, 1

M=m +
b(}/s ¢ ) 10ac®  40meg,ac’

The mass M is identical, at rest and in
motion, and it is the invariant inertial mass of the
system. Above, we found from the formula for

the external gravitational potential  that the
gravitational mass of the sphere is the quantity

mg :m}/c [1_ 3nm

> J Comparison with (24)

10ac

shows that the sphere’s mass m, according to
our assumptions is equal to the gravitational
mass  m, .
inertial mass M increases relative to the mass

According to (31), the system’s

m, by the value of mass-energy of the surface

pressure, and to a certain share of the mass-
energy of the electromagnetic field, but it
decreases due to the same share of the mass-
energy of the gravitational field.

Relations between the Energies

We will compare the different energy
components that make up the total relativistic

energy (29). We will denote by Efg , Efg , Efp
and £, the energy components of the

electromagnetic and gravitational fields, the
pressure field and the acceleration field,
respectively. As the measurement unit of energy,

we will use the sum E, , of the energy
components of the electromagnetic and

gravitational fields from (17) and (18). Taking
into account (24), (19), (20) and (22), we find:

Erpe=Ep +E,,
2. 2 2. 2
6wy 3¢ | )
Sa 20rme,a
~.’aGmb2 3 3q;
Sa 207me,a
_O'mzj/c2 ~_O'm,f ——lE
Ip 10a 10a 2 /e
2 2 2
E/a:_nm }/Cz—nmbz—lE/ .
: 10a 10a 2 /#

According to (32), the energy components of
the pressure field and acceleration field are twice

less than the sum Efgg of the energy

components of the  gravitational and
electromagnetic fields and have a different sign.
As a result, the sum of field energy components
in (21) is equal to zero.

We will now consider the energy components
of the matter particles which are under the
influence of fields. We will denote these

components by E | E Epp and £ , as the

pg’ Tpe’ pa’
energy components of the particle in the
electromagnetic and gravitational fields, the
pressure field and the acceleration field,
respectively. According to (9), (10), (11), (26),
(5) and (27), we have the following:

_3szj/c2 z_?aGm,f

E = :

e 2a 2a
_3q'y. _ 3q,

" 8meya Smeya



Article

(33)

=m, p +E

fge

2

3nm’y,

5a

3nm,
10a

2

nm,
5a

2
=m,c’y, +E/ge

_ 2,2
E,  =mcy,
2
Nn/lbc 7/0_

=mbC2]/S +

Now, we will sum up the energy components
in (32) and (33) separately for each field:

\
3
Ege ZE/g +Efe +Epg +Epe :_EEng’
1
Ep :E/'p+Epp =m, sgs—'—EEng’ >
) 1
E,=E, +E,, =mcy, +5Efge' ) (34)

The quantity Ege denotes the sum of the

energy components of the gravitational and
electromagnetic fields, including the energy
components of the fields themselves and of

particles in these fields. The definition of £ rge

is given in (32). The sum of all the energy
components in (34) equals the relativistic energy
of the system (29):
E,=E, +E, +E,
, 1 (35)

:mbc 7/5‘ _EEfge +mb sos

If in (35) we neglect the product m, ¢ _ due
to the small pressure on the body surface and
disregard the rest energy mbc2 7,, then the
energy value remains, which is equal to:

10
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—lE :_3Gm,f N 3q;
2

W:
Jee 10a

40ms,a

In classical mechanics, in which the rest
energy is not considered, the total energy of the
gravitational and electromagnetic fields for a
sphere with uniform distribution of mass and
charge is equal to:

W :_3Gm,f+ 3q;
e 5a

207e,a

According to the virial theorem, it is
considered that the internal kinetic energy should
equal half the absolute value of the energy of

fields: Wz—%Wge. The total energy is

1

composed of the energy of fields and the internal
energy:

Wo=W,+W,, Ly
2

ge

_3G m,f N 3c]b2 (36)

10a  407egya

This shows that the total energy W in
classical ~mechanics coincides with the
relativistic energy (35), if we exclude from the
latter the rest energy and the energy of the
surface pressure. Thus, the transition is
performed of the covariant theory of gravitation
into classical mechanics. However, in classical
mechanics, it is not determined how the internal
pressure makes contribution to the mass and
energy of the system.

We will now specify how in our model the
virial theorem is realized, particularly for field
energies and particle energies. We have the

energy E o of the pressure field and the energy

E,,

these energies, according to (32), is equal to the
absolute value of the sum of energies £, of

of the acceleration field, and the sum of

the gravitational and electromagnetic fields. As a
result, the sum of fields’ energies is equal to
Zero.

The situation for the energies of particles in
fields is different. The energy of a particle in the
field in the absence of the vector potential is
defined by the product of the mass (charge) by
the scalar potential. The sum of the energies of
particles in the gravitational and electromagnetic
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fge>

fields, according to (33), is equal to —%E

the energy of particles in the pressure field is
m, gos—i-Ef o and the energy of particles in the

acceleration field is m,c’y, +E rge- From the

energy of particles in the pressure field, we can
distinguish the energy E s¢e and the energy

Efge

acceleration field. But, the sum of these energies
is 5/ 4 times less than the absolute value

5 5 )
_E :EEfgg of the sum of energies of

particles in the gravitational and electromagnetic
fields. At the same time, the excess energy of
particles in the gravitational and electromagnetic

1

equal to —EE/ge,

— from the energy of particles in the

Efge

field, which is is
compensated by the fact that the gravitational
mass energy of the system increases from M ¢’

2
to m,cy,.

Relation with the

Constant

Cosmological

In [1], we obtained a relation that connects
the cosmological constant A with the 4-
potentials of fields, which are included in the
Lagrangian:

2ckA=-2u,J"~2D J"
-24,j"-2x,J"

(37

Let us expand the products of 4- vectors:
u,J" =7p,(9-v-U),
D,J" =7p,(y —v-D),

A, J" =7py(0—V-A),
ﬂ,quu :ypo(SO_VH) .

Here, J" =p,u” is the mass 4-current;

J" = pogu
current; U, D, A and II denote the vector
potentials of the acceleration field, gravitational
and electromagnetic fields and pressure field,
respectively; and we use the approximation of
the special theory of relativity, in which

# is the charge (electromagnetic) 4-

u" =(77€, }7V), where ;9=;, vV is

l—vz/ c’
the velocity of motion of the body’s arbitrary
particle.

Let us consider the situation in the reference
frame K', which is stationary relative to the
body in question. In K’ the particle velocities
are equal to V' and the Lorentz factor

1
!

As aresult, (37) can be rewritten as follows:

—ckA=y'p,(§—V'-U)

should be used instead of y.

+! _V"D
}/'po(l// , ) ' (38)
+7 Py, (@—V'-A)
+7'p0(SO_V,'H)

In relation (38), the cosmological constant A
has its own value for each particle of the body.
We intend to integrate (38) over the volume of
the body in the form of a fixed sphere, which is
filled with moving particles as tightly as
possible, and which has uniform density of mass
and charge in the entire volume of the sphere. In
the absence of general rotation or directed matter
flows, the particles’ velocities v’ are directed
randomly in different directions. Then, after
integrating (38), the contribution of vector
products containing v' will be zero, and the total
vector potentials U, D, A and II inside the
sphere will be zero as well. Therefore, the
integral of (38) over the volume is as follows:

—J-ckAabclabczabc3 =m'c?

_ILMPOSW'/JW

, , dx 'dx *dx’
TV Pog @ TV Pos?

The quantity —ckA in our opinion is the
energy density of each particle, and the integral
of this density over the volume gives a certain
energy constant m'c®, which is associated with

all the particles of the system. In the right side of
the equation, there is the integral that we have
already calculated in (12). With this in mind, we
can write:

11
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2,2
m,cz:mczycz_-’"]m Y.
Sa
3G 2,2 2,2
_3Gm7yl 397y, (39)
2a 8reya
e 10a

If we compare (39) with (21), we see that the
quantity m'c® is part of the relativistic energy
E, of the system and denotes the sum of energy
components of the particles under the influence
of fields. The energy E, also includes the

energy components associated with the fields
themselves. But according to (23) in case of a
spherical body, all these components cancel each
other. Therefore, we can assume that for a sphere

E =Mc*=m'c®> and M=m'.

In (39), the mass m' is some constant mass,
which denotes the total mass of body particles,
excluding the contribution from the mass-energy
of macroscopic fields associated with this body.
If we divide the total body matter by particles
and scatter them from each other to infinity, then
for the matter at rest there will be no
electromagnetic ~ and  gravitational  fields
associated with the interaction of these particles
with each other. There will be no internal
pressure from the particles’ influence on each
other. In this case, with regard to (38) written for
a single particle, the mass m’ will consist of the
total mass of all the particles in view of the
energy of particles’ proper fields, the energy of
their internal pressure and the internal kinetic
energy. We considered such mass in [4] as the
total mass of the body parts, scattered from each
other and located at infinity at zero absolute

temperature. At infinity, ' =1, 9 = ¢” and then
the system’s mass M turns into the mass m'.

From (29-30), it follows that the system mass

is less than the body mass: M <m,, and the
body mass m, is equal to the gravitational mass
m, . Since the mass m' is constant and

associated with the cosmological constant, and
M =m', it turns out that the gravitational mass
m, =m, of the system in (29) can change,
when in the system there is a change in the
energy of the pressure field or the energy of the

12
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electromagnetic and gravitational fields. From
(28), we find that m<m,, and M is in the

middle between m and m, . As a result, the ratio
of the masses is as follows:

m<m'=M<m,=m,. (40)

Discussion of Results
The Masses

According to (40), in the weak field the
inertial mass M of the system in the form of a
sphere with particles, taking into account the
field energies, the internal pressure and the
internal kinetic energy, can be described either
by formula (29) or by the system mass m' from
(39). The equality M = m' means conservation
of the system’s energy, regardless of whether the
system’s parts are at infinity and do not interact
with each other, or these parts come into close
contact and form a coupled system. This is
possible in case of ideal spherical collapse, when
there are no emission and matter ejections from
the system at any stage of the collapse or the
matter accumulation. We discussed this question
in [2] in connection with the problem of energy
in spherical supernova collapse. There, we
explained the possibility of low energy emission
by neutrinos based on the fact that almost all the
work of the gravitational forces during the matter
compression can come on increasing the kinetic
energy of the stellar matter motion and the
pressure energy, as well as on creating the
internal pressure gradients and particle’s
velocities.

Earlier in [5], we found the expression for the
masses, which differs from (40):
m' <M <m=m, =m,. We can explain this by
a different accepted gauge of the cosmological
constant — in this paper we use the formulae
obtained with the gauge according to [1] — which
differs from the gauge in [5]. Also, we are
currently using for analysis another physical
system in the form of a sphere, consisting of a
set of particles moving inside the sphere, which
are held together by gravitation. In such a
system, inevitably there is difference between

the masses m and m, as a consequence of the
radial gradient of the Lorentz factor y' inside
the sphere and as a consequence of the

difference between the density p, of the
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particles in the reference frame Kp and the

density p, of particles from the standpoint of

the reference frame K', associated with the
system’s center of mass. The mass m in (40) in
its meaning has technical nature, since it is
determined only mathematically by multiplying

the density p, by the sphere’s volume. We will

note that the density p, is included in the

system’s Lagrangian with the 4-vector of the
gravitational (mass) current density in the form

J* = p,u”. The density p, is also included in

the equation of motion of a point particle and in
the field equations in [1].

According to (29) and (40), the mass m, is

greater than the mass M . This means that the
gravitational mass of the system is always
greater than the inertial mass of the system by
half of the absolute value of the gravitational and
electromagnetic field energy minus the mass-
energy of the surface pressure.

According to (40), the gravitational mass 1,

is also greater than the mass m' of the system’s
parts, scattered to infinity. We can explain this in
the following way. As we know, for a ball, the
absolute value of the potential energy of the
gravitational field is equal to the total work on
the matter transfer from infinity to the surface
and inside the ball. It is assumed that the ball is
formed by gradual growth due to layering of
spherical shells as the matter is transferred. But,
beside the fact that the matter is transferred from
infinity inside the body, which results in an
increase of the absolute value of the potential
energy of the body’s gravitational field, the force
of gravitation performs other actions; it increases
the kinetic energy of the particles inside the body
as well as the energy of the particles’ pressure on
each other and creates the gradients of pressure
and kinetic energy of the particles inside the
body. All these types of work of the gravitation
force on the body formation increase the body

mass from m' to m, . The main contribution to
the gravitational mass increase is made by the
emerging motion; at infinity the particles were
stationary, but inside the body the particles move
at velocities v' .

If we consider the virial theorem, connecting
half the absolute value of gravitational and
electromagnetic energies with the internal energy

of the body, then it turns out that half of the
work of the gravitational and electromagnetic
fields on the body formation is transformed into
the internal energy of the body. The total energy
W of the body, according to (36), is negative
and with the help of it (35), (39) and (29) can be
written as follows:

E =Mc=m,’y +W+m,p, =m'c’. (41)

Since W is equal to half the sum of the
gravitational and electrical energies, then we can
see that half of the work of the gravitational and
electromagnetic fields on the body formation is
transformed into the mass increase from

M =m’ to the value m, =m, .

From the virial theorem, the approximate
equality follows between the absolute value of
the total system’s energy W (36), the internal

body energy W, and the binding energy, if we

1

define it in (41) as the difference between the
rest energy m,c’y +m, g, for the mass m,
and the rest energy of the initial state at infinity
m'c®. However, in usual interpretation of the
binding energy it is not so, since the binding
energy is defined as the difference between the
total energy of the individual parts of the system
and the energy of the system made up of these
parts into a whole. This definition of the binding
energy in this case gives us the relation:
m'c* =M c* =0; ie., in case of ideal spherical
collapse, the system’s energy at the beginning
and the end of the process is the same and the
binding energy is equal to zero. Despite the
equality of the binding energy to zero, the
system does not fall apart, because the masses
are always attracted. The total energy W (36) of
the system remains negative.

The invariant mass M of the system is the
measure of inertia of the system as a whole and
the measure of the relativistic energy of the
system. This means that the system’s
acceleration under the influence of forces should

depend on the mass M . The mass m, can be
calculated as the integral of the density p, over
the volume of the sphere. The gravitational mass
m, is equal to m, and can be determined by

means of gravitational experiments near the
body on the gravitational effect on the test
bodies. According to (31), at an infinitely large
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radius of the body, the mass of the spherical
system M =m' becomes equal to the

gravitational mass of the body (m,=m,),.

Equation (31) can be regarded as the quadratic
equation to determine the gravitational mass m,

depending on the body radius a, on its electrical
charge ¢, and the total mass of the fixed parts of

this body m'=M, when these parts are
motionless and infinitely distant from each other:

1 3q;
m, M — £l = |-
£ 407 e, ac
2

Vst
c
Energies and Masses in the General Theory of
Relativity

In the general theory of relativity (GTR), the
system’s mass M 1is considered to be less than
the total mass of the body’s parts m' [6-7]. In
GTR, there is gravitational mass of the system
from the standpoint of a distant observer,
calculated as the volume integral of the sum

nM, +e, where n is the concentration of
matter nucleons, M, is the mass of one

nucleon, e is the density of the body’s internal
mass-energy [8]. The inertial mass of the system
is also considered, which is calculated with the
volume integral of the timelike component of the
stress-energy tensor, which is then divided by
the square of the speed of light and equated to
the gravitational mass based on the principle of
equivalence. Accordingly, to determine the
system’s mass M we need either to know the
internal energy of the body which is not
precisely known, or use the stress-energy tensor,
which however does not include the gravitational
field energy in principle. The latter is due to the
fact that in GTR the gravitational field is
understood as a metric field and is described by
the stress-energy pseudotensor. As a result,
calculation of the relativistic energy and the
system’s mass in GTR is much more difficult
and involves a number of conditions. For
example, for calculating the energy the
coordinates of the reference frame at infinity
should transfer into the coordinates of
Minkowski space.

The mass of the system, with regard of the
gravitational and electromagnetic  fields,
according to [6] and [9], in GTR in the weak

14

Sergey G. Fedosin

field in our notation relative to the mass, density
and radius of the body is equal to:

jTOOdV M

1 p,c’+p, 11+ p,y
=— dv

1 1 o
¢ +prv +Phq§0_580E

(42)
=m +LE _M
Pt TR sge?

3q; 1
2 Ty,
20zg,ac’ ¢’ Ipb

where 7% is the mass tensor, turning after
multiplying by the square of the speed of light
into the stress-energy tensor of the system; the
body mass m, = .[pb dv; p, and p, are the
density of mass and

charge, respectively;

1 . o .
E, =Ejpb v dV is the kinetic energy; IT is

the pressure energy per unit mass, and the case
of uniform density is considered.

In [6] also the invariant mass density p° is

used, which implies such mass density, which
does not change under the influence of the
pressure or gravitational field. It is assumed that

such invariant density p° is part of the
continuity relation in the curved spacetime:
0,(\—gpu”)=0, here g is the determinant
of the metric tensor, u” is the 4-velocity. We

will note in this regard that in the covariant
theory of gravitation, the continuity relation is

written not for p* but for p, [1], and p, can
vary and depend on any factors, including the
pressure and gravitational field.

In the weak field for the fixed body in GTR
may be written:

2
. 12 3y
P =pb[l—g+c—2J. (43)
We will assume that
2 2
E =39 3% 4 it should be
10ac™ 40reg,ac

expected due to virial theorem. If we substitute
(43) into (42), we obtain the relation:

m*<M<mb, so that the mass M of the
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system is greater than the mass m = .[ p dv.

After substituting (43) into (42), we obtain the
expression for the mass-energy of the system,
which is similar to those presented in [7] and
[10] (in contrast to [6], in [10] p is an invariant

density and p° denotes the mass density
corresponding to our density p, ).
We will assume that the mass of the system in

(42) according to GTR is calculated precisely
and is equal to our mass of the system in (31):

2
M=m, +tpg, _8G™

2
C

2
Sac

2
1
+L+—2jpbndlf
C

207 g,ac’
o 3Gm? (44)
s mb
m,,(}/s czj 10ac?
34,
407 g, ac’

From the left side of (44), we see that in GTR
the gravitational energy is included in the
equation with the increased weight relative to the
electromagnetic energy, and in the right side
both energies have the same weight due to the
similarity of equations for the fields. This is due
to the fact that in GTR the gravitational field is
replaced by the effect of the action of the metric
field of the metric tensor. As a result, the entire
metric  contains  gravitation and  the
electromagnetic field and pressure remain
independent.

s

If we neglect the contribution of y +="- to
c

(44) and consider this quantity as a unity, then

with regard to the expression

3Gm, 3q.
= ;’ — 9 > from (44), we can

10ac™ 40reg,ac

estimate the pressure energy in GTR:

3Gm;
[p,1ay ===
Sa

In (42), the mass M of the system due to the
equivalence principle is considered equal to the
gravitational mass. This means that in GTR a
charged body increases its gravitational mass.

Based on the statement above, the ratio of
masses in GTR is as follows:

m*<m<M=mg<mb<m', (45)

where in the first approximation m'= Nm,
(here N is the number of nucleons in the body,
m,, is the mass of a nucleon), M =m'-W, (M
is the mass of the system in the form of the body
and its fields, W, is the internal energy in (36)),
the mass M is equal to the gravitational mass
m, , the mass m’" is determined by the integral

over the volume of the invariant density p°
(43), the mass m, is calculated by integrating

over the volume of the body density p,, and the
mass m is determined by us in (28) with the
help of m, and has technical nature.

If the mass of the system decreases from the
value m' to M , then there is excess energy of

the order of W.. In GTR, the collapsing system

must radiate this energy, so that the ideal
spherical non-radiating collapse in GTR is
impossible [8].

As we can see, relation (45) for the masses in
GTR differs significantly from relation (40) for
the masses in the covariant theory of gravitation.

Conclusion

According to (32), the total energy of the
gravitational and electromagnetic fields summed
up with the energy of the acceleration field and
the energy of the pressure field inside the
spherical body is equal to zero. During the body
formation, distribution of energies of the body
particles takes place in the potentials of all the
four fields. This leads to the kinetic energy of the
motion of particles, to the internal pressure and
the energy of particles in the gravitational and
electromagnetic fields.

The difference of our approach from the
results of GTR is that the mass of the system in
the ideal spherical collapse does not change,
m' = M . Really, if at the beginning of the ideal
collapse the spatial component of the total 4-
momentum of the particles falling on the center
of mass is equal to zero due to the spherical
symmetry, the same will take place at the end of
the collapse, so that the mass-energy, which is
part of the time component of 4-momentum,
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may be conserved. However, the gravitational
mass m, is greater than the mass M of the
system, since the state of the particles changes;
they start moving inside the system and exert
pressure on each other. Besides, the particles
acquire additional energy in the internal fields.

If the system contains the electromagnetic
field, its influence on the mass m, is opposite to

the influence of the gravitational field; i.e., the

Sergey G. Fedosin

field reduce the
gravitational mass m, . We can calculate that ifa

electromagnetic must

body with the mass of 1 kg and the radius of 1
meter is charged up to the potential of about 5
megavolt, it must reduce the gravitational mass
of the body (not including the mass of the
additional charges) at weighing in the gravity
field by 107" mass fraction, which is close to
the present day accuracy of mass measurement.
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