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The essence of mass and its relationship to energy is considered. It is concluded that after radiation of
energy from a system or when the system does work the mass of the system must not diminish, but
increase. The opposite case is heating of bodies from external sources, when an increase in internal
heat energy must be accompanied by an increase in entropy and decrease in the mass of the bodies.
On the basis of strong gravitation is explained mass defect of atomic nuclei. Conclusions of general
relativity and covariant theory of gravitation about mass and energy are analyzed.
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Knowledge of the essence of mass and energy, as well as ways of identifying them, are one of the
most important problems in physics. This is due to extensive use of the law of conservation of energy
and momentum in various areas and due to the possibility of calculating operating forces and flows of
energy through the energy gradients in spacetime. The relationship between mass and energy should
be the most simple in frame of reference in which the body rests and does not rotate, since momentum
and angular momentum of the body are equal to zero and kinetic energy of linear motion of the body
as a whole and rotational energy in the calculation of the mass does not participate.

Studying the relationship of mass and energy in a body at rest during the formation of the theory of

relativity led to the relation:

X, =kmc?, (1)

where 2 — relativistic energy at rest,

m —body mass,

¢ — speed of light.

Initially it was thought that the coefficient k£ in (1) sufficiently close to 1, then by the efforts of
O. Heaviside (1889) [1], A. Poincare (1900) [2], A. Einstein (1905) [3] and a number of other

physicists it was established that k£ =1.



From (1) does not imply that the mass and relativistic energy are synonymous, the designation of
the same. On the one hand, body mass is an integral property that determines the inertia of the body
upon receipt of acceleration from a force. Integrality here means that not only substance of the body
make contribution to the mass but also physical fields related to this substance, as well as fields from
external sources in body volume. On the other hand, the energy is associated more with the law of
conservation of energy, with the ability to transfer energy from one place to another in different ways
and in different forms, such as heat transfer, electromagnetic radiation, electricity, etc. The force F ,
acting on the body, is defined as the rate of change of momentum, and mass is directly included in the
momentum P as a factor. When calculating force in external field is often used the formula in which
the force is the gradient of the potential energy U of the body, taken with opposite sign. This implies

the following:

F=2"
dt

-VU. 2)

It is seen from (2) that although all forms of energy are contributing to the body mass (and hence to
the momentum), but the force as the rate of change of momentum can only depend on gradients of
certain energies. If we take the average over the entire volume, the energies without gradients and
flows do not cause force and acceleration, although involved in formation of body mass. In this
connection it must be assumed that the mass represents the static integral gravitational and inertial
properties of the body, appearing as a result of energy fluxes that interact with the body.

As described in [3] body mass in the emission of some energy L in the form of two oppositely

directed photons, should be reduced by the amount Am = L/c”. To verify this conclusion, we once
again repeat the thought experiment with the body, which emit photons. In this case we use the

formula for relativistic energy and momentum of [4]:

TS0 p=— =V Z,=-E
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where 2| is a positive value for the relativistic energy of a body at rest,

E,, — total energy of particles of the body at the atomic level, which includes various types of

energies associated with atoms and molecules near absolute zero temperature: the energy of strong
interaction, which bounds substance of elementary particles and retains the nucleons in atomic nuclei;
the energy of electromagnetic interaction of particles; the energy of motion of substance inside the
nucleons and energy of the nucleons in nuclei and electrons in atoms; the rotational energy of atoms

and molecules; the vibrational energy of atoms in molecules, etc.,



E,, — total energy of the body at the macro level, taking into account internal thermal energy F, in

the form of kinetic energy of chaotic motion of atoms and molecules and the energy of the turbulent

motion of substance flows, as well as the energies of the fundamental macroscopic fields.

By definition, the total energy £, can be divided into three components:

E,=E. +U,+W,, 4)

where U, and W, are energies of macroscopic gravitational and electromagnetic fields in

substance of the body, respectively, calculated within the body and beyond. In the same energies
should be included energies of fields from external sources that fall inside of the body and change the

energy of the substance.

We take into account in (4) the virial theorem, according to which the modulus of potential energy
of fields on average twice as much internal heat for bodies that are only under action their own

gravitational and electromagnetic fields:

+
2E,+U,+W, =0, EO:ET+UO+WOz—ETz%. (%)
For the energy E,, in (5) can be written:
U, +Ww.
Eyy == (6)

where U, is the energy of the field of strong gravitation, which is assumed at the level of

elementary particles and atoms, and instead of strong interaction holds the substance of nucleons, the
nucleons in atomic nuclei, as well as being one of the components that hold electrons in their orbits in

atoms,

/4

w0 — clectromagnetic energy in substance of elementary particles and around them in atoms.

Taking into account (5) and (6) the relativistic energy (3) of a body at rest can be written as:

__Ug0+Wg0 _U0+VK)
0 g0 0 9 9 :
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The main contribution to the energy 2, brings negative energy U g0 Oof field of strong gravitation,

which provides the positivity of relativistic energy and body mass, determined by the expression:
m=—-. (8)

We turn now to the thought experiment. Suppose there is a body at rest and two photons are
emitted from the body in opposite directions, one photon with the energy E, along axis OX , and
another with the same energy against the axis OX . We assume that the photon emission occurs only

due to changes in energy of macroscopic fields, then the energy balance before and after the radiation

has the form:

X, =-E

g0

—E,=—E, —-E-2E, =3 -2E,. ©)

After radiation the body remains stationary, since the momentums of photons are contrary and the

total momentum of the system remains zero. It is assumed in (9) that at the moment of radiation

components of the energy 2 are changed, and the energy of photons is taken with the minus sign,

which means the body's energy loss by radiation. It follows that £, —E, =2FE,., and hence £, > E|.
Both energy E, and FE, are negative, so that for the modulus of energy is obtained: |E1| >|E0|.

Relation (9) also shows that the relativistic energy 2, is greater than the energy 2| . This entails an

. : o 2 2 . .
increase in body mass after the emission of photons: m, = —2' >m :—20. Such result is consistent
c

with the fact that if a star is radiated more energy, then more the star is compressed and heated. The
total energy FE, of such star becomes more negative and positive internal thermal energy £, in (5)
increases, which according to (7) and (8) increases the mass of the star. One of the reasons for
choosing the negative sign in front of £ in (7) is symmetry of this expression when E, has negative
sign too. In addition, the energy of gravitation in compressed star converts into internal thermal energy
and radiation energy, and according to virial theorem these energies approximately equal to each
other. If the energy of gravitation gives rise to the radiation energy and its mass, in the same degree
the energy of gravitation can generate additional mass of the star.

The above-described justification of (9) and choosing the negative sign in front of the photon

energy 2E, is missing in [3]. Instead of it the mechanical model of the phenomenon is used, when the

photons as some parts of the body leave this body and take away part of its mass. Accordingly, in this



picture the sign of the photon energy is chosen positive, and body mass after the emission of photons
should decrease. However, photons are not parts of the body because they are generated due to
absolute acceleration of charges of the body without reducing the magnitude of these charges (if body
mass may vary due to changes in the body's energy, the charge of the body remains till the moment
when it will removed from the body or compensated by a charge of opposite sign). Therefore, loss of
the relativistic energy of the body through the transfer of photon energy must be offset by an increase

rather than decrease in the energy and body mass.

Let us now consider the photon emission from the body moving with velocity V' along the axis
OX . The photon emitted in the direction of the axis OX , will have blue shift of its frequency and
increased energy, and the photon emitted in the opposite direction, will have red shift of the frequency
and decreased energy. The energy of both photons according to formula for the Doppler effect will be
2F, 2E.V

J1-r?/c? 1=/

directed along the velocity of the body.

equal to 2EJ',. = , and momentum of the photons is equal to P, = and is

Taking into account formula (3), the balance of energy and momentum before and after the photon

emission yields:

2 2 2 2F
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In (10) the energy and momentum of photons have the minus sign, since the photons carry away
from the body some part of its energy and momentum. In the moment of photon emission there occur
a corresponding increase in body mass, relativistic energy and momentum. After canceling identical
terms (10) becomes as (9). This means that the difference between the formulas for the processes of

photon emission of body at rest and the body in motion is only associated with the Lorentz

transformation and determined by the factor /1—F> / c’.

Heating of bodies
From the above we can come to the idea that heating of the body by external sources of energy

should decrease body mass. As it was found in [5] based on Lorentz-invariant thermodynamics, the

amount of heat 0Q, that is generated in a certain volume ¥, of the body over time d?, is determined

by the integral:



8Q =—dt [V (S, +S,)dV, =—dt [(S; +S,)-nd5,, (11)

where S, — density of the flux of gravitational energy,
S, — electromagnetic energy flux density (Poynting vector),

N — unit vector normal to the surface area S, surrounding the volume V.

According to (11), increase the heat can be described by the incoming flow of energy of the
fundamental fields — either through the integral of the divergence of energy fluxes by volume or by
using the Gauss theorem for the integral of the energy flows through the area. Equation (11) is easier

to understand if one considers the following formula:

00 00
V'sz_a(ajt 3G, V-SP=—aVth _JE, (12)

where U” and W are the energy density of gravitational and electromagnetic fields in the form
of timelike components of stress—energy tensors,

J and ] - the densities of mass and electric current, respectively,

G and E - strengths of gravitational and electromagnetic fields (gravitational acceleration and

electric intensity).

If we substitute (12) in (11), we see that the heat in volume of the body increases when the energy

of field is increasing, as well as when work J-G+ |- E is done in the unit volume per unit time. The

differential of entropy is given by:

ds="%, (13)

where 7' is the absolute Kelvin temperature.

According to (13), by heating the body from external sources, the entropy of the body increases. If
the energy is radiated from the body in the process of gravitational contraction and heating of the
substance, the total energy of the body is reduced by 0Q and the increment of entropy dS is
negative. This is due to the fact that although substance under compression and reducing of its volume

is heated and entropy of the substance increases, but negative entropy of the gravitational field of the



body is changed even more, so that the total entropy of substance and field is negative. For the entropy

of spherical body, we derived the formula [5]:

) 00 00 _
S:—J.r VU +W™" +L PO)dVS, (14)

T

where the radius-vector I measured from the center of the body,

F, —pressure in the comoving reference frame,

P
L= I—O dp, is a function of compression, calibrated so that the energy density of substance at
Po

rest was equal to the value p002 ,

P, — density of substance at rest.

In (14) the integration is over the entire volume V, of space, both inside and outside the body. The
main contribution to negative entropy of the body make gradient of the gravitational field energy
density U” and gradient of pressure F,. Evaluation of entropy per particle of ideal gas in
gravitationally bound ball at a constant temperature of the volume, gives a value =—7,2k , where k

is the Boltzmann constant.

If the energy radiates from the body the entropy of the body becomes more negative, the entropy of
the outgoing radiation is positive, resulting in the total entropy of the body and the radiation is zero.
This conclusion follows from the virial theorem and from (13), in which dQ means both the heat
content of the body as a result of its gravitational compression, and the energy carried away by the
outgoing radiation. Zero entropy was at the beginning of the formation of the body too when the
substance at infinity was at rest and in the dispersed state.

In [6], we derived Lorentz-invariant expression of the first law of thermodynamics, have found

tensor function of the chemical potential, tensor function of the work-energy of system, as well as

tensor function of heat Q™ :
ik i iy, Ve ik i R
00" =V, dU" +W")+=%d(Ru' u")-V,n"d| —+ |, (15)
c 1-V / c
where V, is the invariant volume of a small element of substance or a small volume of space
occupied by the field in the absence of substance,

U™ and W™ — stress—energy tensors of gravitational and electromagnetic fields,

u' — 4-velocity of substance,



i

n * _ metric tensor of Minkowski space-time.

From (15) follows that at constant volume V, of element of substance increment of heat comes

from the increments of the density energy-momentum of fields and changes of internal pressure £ ,
which depends on the 4-velosity for an outside observer. All terms are listed in (15), may directly
increase the kinetic temperature of the element of substance and therefore are a part of 5Qik. To

obtain the amount of heat of the body as a set of elements of the substance 5Qik should be summed
over all volume elements. Entropy increment tensor is defined as in (13):

dsik — 5Qik

Symmetric tensor of entropy is the integral over the volume:

ik 2
T8 gt T (5010465, ]
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av,, (16
7 g (16)

where p, is the charge density.

For an element of substance of gravitationally bound body after a number of simplifications, the

formula for the timelike component of the entropy is:

_NRAp,
Po ’

SOO —

where Ap, =0 is the change in the density of substance on the length of the element of substance,

R — gas constant.

We can show that not only S*, but other components of tensor S* are negative. As it follows
from (16), the entropy of element of substance is proportional to the ratio modulus of ordered energy
in this element and the energy of random thermal motion of particles of substance, taken with the
minus sign. Under the ordered energy means the energy of directional motion of the element of
substance, energy of pressure compression and potential energy of the element of substance in
gravitational and electromagnetic fields. Entropy is a function of system state, because if the system
state is given by a number of physical quantities, then in each such state is carried out, after some

relaxation time, usually only one definite correlation between the ordered and disordered system



energies that is independent on the way of transition in this state. This relation is fixed by the concept
of entropy.

In theory of infinite hierarchical nesting of matter is supposed that the source of order and orderly
energy of bodies are flows of gravitons, whose properties are similar to those of photons and
neutrinos, as well as high-energy charged particles. These field quanta and particles, appearing in
lower levels of matter, due to their relatively high energy compared with their mass have the highest
orderliness in our world and carry it into space.

The stream of ordering is received by a gravitational system with a flow of gravitons, generates
negentropy in the system, as the outgoing from the system flow of gravitons has a lower temperature
at nearly the same energy as the energy of the incoming flow of gravitons. This negentropy will reduce
the entropy of the system to negative values. In addition, the outgoing radiation from the system,
typically electromagnetic, has its own entropy, so that approximately one half of the negentropy of the
flow of gravitons is spent on the system entropy loss due to outgoing radiation.

In accordance with the above-mentioned and [4], we believe that the observed warming of an
object due to gravitational contraction leads to an increase in mass of the object. This process is
accompanied by the emission of photons from the object with energy equal to the relativistic energy of
the object, excluding the rest energy, and equal to the modulus of total energy (binding energy). At the
same time the total energy and entropy of the object have negative sign. In reverse process external
radiation heats the object and increases total energy and entropy, and hence reduce the relativistic

energy and associated with it mass of the object.

Nuclear energy

In modern physics is supposed that for determination the relativistic energy of the body is
necessary to sum rest energy of its constituent particles and the total energy of the body, taking into
account the mechanical energy of particles and energy fields. For the fundamental forces the total
energy is usually negative, so that the relativistic energy and body mass obtained are less than the
amount of energy and mass of all particles of the body, separated from each other. In the theory of
infinite hierarchical nesting of matter, there are infinitely many levels of the matter which have objects
of respective masses. If at some basic level of matter to take a lot of objects and start putting them into
more massive objects, due to a negative total energy the relative mass of objects will be less and less at
each subsequent level of matter, in relation to the total mass of the primary objects.

According to our assumptions, the total energy in the gravitational field is included in relativistic
energy with the negative sign, which leads not to a decrease but to an increase in the relative mass of
objects with increasing mass of these objects. If we consider the question from a philosophical point of
view, the conclusions about the likely decrease or increase the relative mass of objects as we move to
higher levels of matter seem to be equally valid. Apparently, the choice can be made by comparison

with experimental data.



Most clearly the relationship between mass and energy is evident in the case of fusion of light
nuclei and the decay of massive nuclei, where small differences in the masses of initial and final
reaction products are accompanied by the release of large amounts of energy. In Table 1, according to

[7], [8], the masses of some nuclei are in comparison with the sum of mass of individual protons and

neutrons, of which one could compose these nuclei.

Tablel
Number | Number N M, +
N,M,,mass | N,M  mass | M, mass
of of +N M, —
Nucleus neutrons, | protons, of neutrons, of protons, of nucleus, M,
107k 107k 107k

Nn Np g g g 1 0—27 kg
'H 1 1 1.674 927351 | 1.672 621777 | 3.343 58348 | 0.003 965 65
O Ni 34 28 56.947 52993 | 46.83340975 | 102.8089 0.972 04
»u 146 92 244.539 393 153.881 203 395.208 8 32118

According to Table 1, the mass of any nucleus is less than the total mass of nucleons, of which may
be formed the nucleus. Mass defect, shown in the last column of Table 1 is that the decrease in mass of
the nucleus can reach almost 1%. In the standard model is supposed that by combining of nucleons
their total mass is reduced by the negative total energy of the nucleus. If, however, proceed from our

assumptions, as in (3) for the relativistic energy and mass of the nucleus at rest should be written:

) E, +E, —E, E
C—gz— £ C;P =NnMn+NpMp+c—§, (17)

2y=—E,-E,  +E,, M, =

where E, — total energy of the free neutrons necessary for the formation of the nucleus,

E ., — total energy of the free protons that make up the nucleus,

E,, —total energy of the nucleus.

Note that in (17) we put the plus sign to the total energy £, , in contrast to the minus sign, standing

in front of the total energy £, in (3). This is due to the fact that the gravitational contraction energy of

the gravitational field converts in radiation in the environment, and in the heating of substance, thus
creating a lot of radiation and additional mass, as it is evident from (3). But situation with formation of
an atomic nucleus from nucleons is different. For the emergence of the nucleus it is necessary to heat

up nucleons from an external source to a temperature sufficient to initiate fusion of the nuclei, or to do

10




some work on the nucleons. If a system radiate photons during the gravitational collapse, then in
contrast to it for nuclear fusion is necessary in some way to introduce in the system some extra energy.
This is reminiscent of the effect of thermal heating in the previous section and in our opinion leads to a
decrease in mass of the system.

From a formal point of view, the relation (3) describes the process of creating a mass of photons in
the ambient space of the system and creation an additional mass of the system in the form
Am = ——3. To describe the formation of the nucleus and changes in its mass can be assumed that the

c
interaction between nucleons leads to a negative mass of photons (photons are not born, but rather

absorbed by the system; or some work is done on the system) and to a certain total energy, taken with

the minus sign. Substitution in (3) instead of £, the total energy E, , but taken with the minus sign,

E
gives the change in mass Am = C—jzv and the plus sign in front of £, in (17). Since the total energy

E,, by itself is negative, then in (17) mass of the nucleus M, is less than the total mass of protons

and neutrons that make up the nucleus.

How the nucleons in atomic nuclei are held? In [6] we gave some simple models of nuclei and
described nuclear forces, by which the nucleons in a nucleus can be in equilibrium. Similarly, in order
to describe the stability of some of the hadrons, we in [10] have developed their models based on the
interaction of nucleons and light mesons. The solidity of the nuclei is due to the large forces acting
between nucleons. If we assume that between nucleons in a nucleus acts strong gravitation and force
of attraction, then there must be also powerful forces of repulsion. These forces arise from the torsion
fields of rapidly rotating nucleons. Typically, the force of the torsion field is weaker than the force of
gravitational attraction of masses. Similarly, magnetic forces are generally weaker than electrical
forces, since in the formula for the magnetic force is velocity of light squared, which reduces the value
of the force. As the magnetic forces, the forces of the torsion field considerably grow at velocity close
to the speed of light, and begin to level off in value to the electric and gravitational forces,
respectively. Thus, in order that spins of nucleons in a nucleus can effectively repel each other, is
necessary a very fast rotation of the nucleons, which generates the field of torsion.

As an illustration, we present here a formula for the total energy of deuterium, the simplest nucleus,

consisting of a neutron and a proton, according to [6]:

E,=U,+2(U~U,)+nU,+E,, (18)

0.26I'M M, o ) )
where U = —T — gravitational energy of the interaction of neutrons and protons
(coefficient 0.26 reflects a decrease in the interaction force due to the high density and is calculated in

the upgraded model of gravitation Fatio-Lesage [5], [10] as a consequence of the exponential decay of

11



flow gravitons in substance, at low density of substance this coefficient tends to 1, and the formula for
U, takes Newtonian form),

2
e

=——=1.514-10” m’kg "s? is strong gravitational constant according to [5],
Are,M M,

e — elementary electric charge,

£, — vacuum permittivity,

M , — electron mass,

R — distance between the centers of neutron and proton,
2 2
83I'(L"-L)

2U-U,)=—
TS

— change in the energy of torsion field of strong gravitation two

nucleons, which occurs due to the increase of the spin (angular momentum) of each of the nucleons

from the value Lp to L,
R, — proton radius, approximately equal to the radius of neutron,

¢, — propagation speed of gravity which is close to the speed of light,

nrr
2 p3
°R

nu, =

— energy of interaction between the spins of two nucleons in their torsion fields,

n =2.8 — coefficient, which reflects an increase in the spin of the nucleons as compared with the

value for the angular momentum of the ball in classical physics, and arises as a consequence of

relativistic calculation of rotation, increasing the mass and momentum,

r-r
E =——2% _increasing the rotational energy of nucleons in their binding in the nucleus,,

r

[ — moment of inertia of a nucleon.

Our assumption that rotation of nucleons in their fusion to the nucleus should be increased, follows
from the fact that only in this case, the repulsive force of the spins will be sufficient to counteract the
attraction of the nucleons under the influence of strong gravitation. Spin orientation in a nucleus of
deuterium is the same for both nucleons so that this produces a repulsive force, and during the
convergence of nucleons there is an increase of rotation of the nucleons with increasing angular
momentum due to the effect of gravitational induction. As a result the nucleons can spin rapidly and

reach the maximum possible angular momentum.

For the deuteron total energy is £, =—2.224 MeV, respectively, the binding energy as modulus

of the total energy is 2.224 MeV. For more massive nuclei with an increased number of protons

formula for the total energy instead of (18) can be written as:

12



E,=U,+AU-U)+nU,+E +W, (19)

where A4 specifies the number of nucleons in a nucleus,

gravitational energy U, , energy of interaction between the spins nU, and change the rotational
energy £ are calculated for all the nucleons,

kz*e’ . . . e
=———— — electrical energy of proton in nucleus for the case of uniform distribution by
dre, R,
volume of the nucleus, when k£ = 0.6 ,

R,, —average radius of the nucleus,

z — charge number of nucleus or the number of protons.

In the literature, as a rule is considered specific binding energy, or modulus of the total energy per

4]

nucleon, i.e., the quantity 7, and its dependence on A . For light nuclei the main contribution to

(19) brings the energy of strong gravitation U, . Assuming that radius of nucleus is approximated by
the usual formula R, =R,A4"”, where R,=(12-1.5)-10""m, and mass of the nucleus

M, =AM ,, we as in [6] can write a proportional relation:

|EN|~‘Ug‘:kFMI%/ ~A%.
A A AR

N

This dependence describes well the growth of specific binding energy of nuclei up to 4 =20.
Then there is a saturation of energy of strong gravitational energy, the energy of nuclei do not varies
as the square of nuclear mass, but much weaker. As was shown in [10], cross section of interaction of
gravitons with nucleons is such that enough to put in the way of the flow of gravitons three nucleons
in order to significantly reduce the flow (approximately 2.718 times, this number is the base of natural
logarithms). When the number of nucleons is more 17-23 then addition of new nucleons gives less
and less increases of gravitational energy per nucleon.

At the same time adding protons in a nucleus with increasing mass and charge of the nucleus leads

to a marked increase in positive electric energy that is beginning to compensate the change of negative

E
gravitational energy. As a result, at 4 =62 for §§ Ni there is the maximum of the dependence %

on A, and then the specific binding energy begins to decrease with the increase 4. Thus, the

formulas for strong gravitation and for the electromagnetic force and energy can describe the

13



equilibrium of nucleons in nucleus, and also explain the dependence of specific binding energy on the
mass number. The decrease in the mass of atomic nuclei, compared with a sum of the individual
masses of the constituent nucleons, is a consequence of opposite flows of energy necessary for the
emergence of the binding energy, compared with the case of the usual gravitational contraction of

matter.

General theory of relativity
The axiomatics of general theory of relativity (GTR) is associated with recognition of gravitational
field as some form of metric field, and with geometric difference between a curved Riemannian space-
time and the flat Minkowski space-time. Currently, GTR is the most famous and developed theory of

gravitation. As the basis of the theory can be considered Hilbert-Einstein equations for the metric:
R 8y
Ryv_zg,uv-'_[\gyv = C4 (¢yV+W/tV)’ (20)

where Rﬂv — Ricci tensor,

R — scalar curvature,

8w ~ metric tensor,

A — cosmological constant,
¥ — gravitational constant,
¢ — speed of light,

¢,, — stress—energy tensor of substance,

Wﬂv — stress—energy tensor of electromagnetic field and other non-gravitational fields.

If we ignore the cosmological constant, consider the metric around a spherical, uncharged, non-

rotating mass with the density of its substance p, and the tensor ¢,, = pyu, u, , where u, is 4-

velocity, then in spherical 4-coordinates X=ct, xX'=r, x*=6, x = @, the metric tensor as

the solution of equation (20) has the following components:

1 2M 0 0 0

rc
1

0 — 0 0

8w = | 2rM . 1)

7"02

0 0 —r 0

0 0 0 —r’sin’é




This is well-known Schwarzschild solution for the metric around a massive point body of mass
M , which depends only on the angle 6 and the distance » between the attracting center and

observation point.

The equation of motion of GTR for the test body around an attractive mass M is as follows:

d(dx" dx* dx*
— +I’ =0, 22
ds( ds J 1P ds ds @2)

where ds = cdt is invariant interval,
dt — differential of proper time of the test body,

dx" — 4-vector of coordinate differential,
14 1 vo . . .
r,, =Eg d,8,,%9,8,,-9,8,,) — Christoffel symbol, which is expressed through the

metric tensor and its derivatives on the coordinates.

If to use the metric tensor (21) to solve (22) for the time component of dx”, when V=0, we get

the following:

i(c ﬂj =0 (23)
dr Eoo dr '

Let multiply (23) on the value mc,where m is mass of test body, and look at the situation at

infinity. Here g, because of the large value of 7 tends to 1, and the differential of proper time has

the same form as in special theory of relativity: d7 =d¢/1— V2 / ¢’ , where V_ denotes the velocity

of the test body at infinity. Then (23) becomes an equality for infinity:

1 d me?

4 -0
N AW

In parentheses of the equality is relativistic energy of a body with mass m, which is moving at
infinity with speed V. Consequently, (23) can be treated as the law of conservation of energy of a

test body in a gravitational field (in free fall, the energy of gravitational field converted into kinetic
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energy, and the sum of negative energy of field and positive kinetic energy is zero). After multiplying

(23) on the value mc and integrating we obtain the relativistic energy:

2

5 e dt mc

m = MCc good_T:—W

= const . (24)

According to (24), a fall of a test body in an attractive center and changing the radial distance r

changes g,, =1————, as well as the differential of proper time d7 with respect to the differential

2
rc

of the coordinate time dt, but the relativistic energy of the test body remains unchanged.

Assume now that the particles of the substance of the test body at infinity were once scattered in
such a way that their speed V., was near zero, and then the particles will approach a massive body and
collide with each other. If in the collision the particles lose part of their total angular momentum, and

convert part of their energy into thermal energy of the collision £ ., which is radiated from the

f b
system, then a steady rotation of substance around the center of attraction is possible. Condition for

this is the fulfillment of the virial theorem, for which modulus of total energy of the system must be

equal to energy emitted from systems: |Em =F - As a result the relativistic energy of a test body

falling from infinity with zero initial velocity in a gravitational field, reduced by the amount £, :
=X, -E =% -|E,|=mc+E,. (25)

Thus, in general theory of relativity substance of the mass m, that rotates in a steady state around
the center of attraction, must reduce their energy due to the contribution of negative total energy £ .
The same conclusion will be, if the attractive center is due to the collapse of a massive cloud of
substance, which reduces over time its angular momentum through electromagnetic radiation.

Equation (25) in its meaning does not coincide with (3), in which the total energy £, is not added but

subtracted from the rest energy.

Covariant theory of gravitation
In contrast to the general theory of relativity, covariant theory of gravitation (CTG) is based on
axioms of Lorentz-invariant theory of gravitation [6], [11], and is a covariant generalization to curved
Riemannian space-time. Gravitation in CTG relies not fictitious geometric, but actual physical force,

and can be justified using Fatio-Le Sage's theory of gravitation. In CTG substance through a 4-vector
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density of momentum J* generates a gravitational field with a 4-potential D* , satisfying the wave

equation in Riemannian space-time:

2 i u
pt =90 _yepuy g pr o A7 (26)
c, ot c,

where ¢, — propagation speed of gravity which is close to the speed of light,
o* is 4-d'Alembert operator,
R* is the Ricci tensor with mixed indices,

¥ — gravitational constant.

4-vector density of momentum J* is determined by the product of the density of substance p,,

found in the frame of reference of the substance element, at the 4-velocity: J* = p u”. If we use the

approximation of weak fields and small velocities, when the CTG transforms in Lorentz-invariant

theory of gravitation, the 4-velocity is:

#:dx" c V

dr \/1—;2/(:;’\/1—V2/c§ '

u

27

The same expression of the 4-velocity (27) with condition ¢, = ¢ is adopted in general relativity.

In Riemannian space can be introduced [6] operator of differentiation on proper time 7 :

—=u"V,, (28)

where the symbol D denotes the total differential in curved space-time,

VV is the covariant derivative.

When the operation of covariant antisymmetric tensor product of gradient operator on the covariant

4-vector potential D, is used the gravitational field strength tensor has the form:

¢,=V,D,-V,D, =8ﬂDV —avDﬂ
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In view of @, the relationship between substance and field (26) is as follows:

4ryJ*”

2

Cg

=V, " (29)

Covariant 4-vector of potential is defined as:

where i — scalar potential,

D — vector potential.
Intrinsic properties of gravitational field, independent of material sources, are given by the relation:

v,,+V,® +V & =0,&,+9,0, +9,P, =0. (30)

Relations (29) and (30) have the form in which equations of gravitational field of CTG are

covariant in any frame of reference.

The field in turn affects the substance, creating a gravitational force. 4-vector density of the

gravitational force is given by:
fr=dt Y=V U 31)
4

2

1 . .
where U = 2 - (—g Yo, P +Zg P @paj is stress—energy tensor constructed with
Ty

the help of tensor of gravitational field ¢uv and relations (29) — (31). The presence of the tensor U*"

distinguishes CTG compared with general relativity, in which an exact expression for the stress—

energy tensor of gravitational field is absent.

The general definition of force in KTG is found through (28):

_DJ* dJ"

“ =0’V J =" (@, + T gy =20
/ Dt Y , e dr

+ 0" (32)
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Electromagnetic force is given by:
fr=F ==Y,
e
where F“, — electromagnetic tensor, ;' =p, u" — 4-current, p, - charge density in the
reference frame where the charge is in rest, W*" — electromagnetic stress—energy tensor.

If there are only two fundamental fields, gravitational and electromagnetic, which creating forces,

the equation of motion of element of substance takes the form:

dJ*
drt

+ 0" ==V U™ -V, ", (33)

As it was shown in [11], the equation of motion in general relativity is derived from (33) as a
special case.

To determine the space-time metric are used Hilbert-Einstein equations:

8ryp

4
Cg

R
R, X +Ag,, = (8 +U,, +W,,). (34)

In contrast to (20), in CTG gravitational field, along with the electromagnetic field is involved in

definition the metric, so the right-hand side of (34) contains the stress—energy tensor U, of

gravitational field. The stress—energy tensor of substance ¢W in CTG is constructed so that the

covariant derivative of this tensor, taken with contravariant indices, gave the force density (32)
f“ =V ¢"" . If we take the covariant derivative of (34), the left-hand side vanishes because of the

properties of the metric tensor. This again implies equality for the density of forces (33):

dJ*

f4=vV ¢ ==V U" -V W" =——
dt

+1u"J”.
The solution of the equation for the metric (34) with condition A =0 around an uncharged ball at

rest gives components of metric tensor in spherical 4-coordinates

xX’=ct, x'=r, x*=6, x=0¢,[6]:
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2
1M By 0 0 0
rc r c
1
0 - =0 0
8uv = yMo. _By’M : (35)
“ 1+ 2 2 4
rc r c
0 —r? 0
0 0 —r’sin’é

The coefficients & and [ in (35) from equations (34) are not defined and should be specified for

each particular system of bodies.

Using the metric tensor (35), we can find a solution to the equations of motion (33) for the time
component of J*, when #=0. In the case of a weak field and at constant density p, of element of

substance is obtained:

dt _yM

WM gy ——
dr c’r

d ( ﬂj___yM dr +C,. (36)

E good‘r B CZI’ZE’

At infinity g, tendsto 1, dT=dt/1— V2 / ¢, where V_ denotes the velocity of the test body at

infinity, and C, = Suppose V_ =0, then, after multiplication by mc” (36) can be

1
J1-V2/c '

written as follows:

M
P =mczg00%=mcz+7/ " —me*-U. 37
T

m

According to (37) substance, which had at infinity relativistic energy mc?, during a fall in
gravitational field increases its energy by an amount equal to the modulus of the potential energy field

U=_7/Mm

. Although there is difference in CTG of expressions g, and d7 from the
r

corresponding expressions in general relativity, in (37) holds an approximate equality between the
modulus of change of potential energy of gravitational field and the change in kinetic energy of

motion of substance.
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If for the system is true virial theorem, for which is necessary to decrease the angular momentum of

the falling substance, to radiate energy E, from system and to increase the kinetic energy of the

substance on the value E, = E /- then relativistic energy is equal to:

(38)

m?

X=X —E ,=mc®-U-E, =mc’-E
where £, =U + E, is the total energy of mass m in gravitational field.

If the gravitation created by a stationary system with a mass m, the energy £, in (38) will

characterize the change in relativistic energy of the system that has occurred through the action of

gravitational field, the interaction of particles of substance and radiation from the system. Relation

(38) has the same form as (3), where in front of total energy E, is the negative sign. The difference

between the results of CTG and general relativity is due to differences in the equations of motion (33)

and (22).

Conclusion

Having examined some cases of mass-energy relation, we made the assumption that if the system
loses energy in the form of radiation or to do work on the surrounding bodies, the total energy of the
particles of the system must be subtracted from the rest energy of the particles making up the system.
For fundamental forces the total energy is negative, which leads to an increase in mass of the particles
system compared with the sum of the masses of the particles separately. In particular, the mass of a
star in accordance with the covariant theory of gravitation can be larger than the total mass of
fragments of stellar matter. In another case, when for formation of system is necessary to add energy
to it or to do work, the total energy of particles in the system should be added to the rest energy of the
particles making up the system. In some cases this leads to a reduction of the relativistic energy and
mass of the system (an example is the formation of nuclei of the nucleons).

Our assumptions are essentially the opposite of the standard view, for which a suitable form of the
total energy is always just added to the rest energy of the particles that make up the system. As for
stars in the general theory of relativity and as for atomic nuclei, this leads to a decrease in their mass
compared to the rest mass of the particles making up these objects, and heating of the body increases
its mass. Apparently, in such situation is required additional confirmation, if there is in fact increase,
or decrease the inert and gravitational mass of massive complex objects as compared with the sum of
masses of its parts.

In this connection, should consider the following. If we calculate the share of the gravitational
binding energy in relation to the rest energy of substance for a typical neutron star, this share could

reach 6%. The same amount is expected for increase (or decrease) the gravitational mass of the star,
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and hence the force acting on a test body around the star. On the other hand, the force acting on the
body, according to the Fatio-Le Sage's theory of gravitation, depends also on the density of the body.
For two bodies of low density with sufficient accuracy the law of Newton's gravitational force is
satisfied, but when the density of the interacting bodies reaches the density of neutron stars, the force
decreases in magnitude and equal to 26% of the Newtonian force. As can be seen, the effect of
changing the gravitational mass may depend not only on the total energy of bodies, but also on other

parameters, which may complicate experimental verification of the theory.

References
1. bonortosckuii b. M. szII/IBeE XeBHcaﬁgj — M.: Hayka, 1985. — 254 c.

2. Poincaré H. [La théorie de Lorentz et le principe de réactior] // Archives néerlandaises des sciences

exactes et naturelles. — 1900. — Vol. 5. — P. 252—278.

3. Einstein, A. (1905), "Ist die Trégheit eines Korpers von seinem Energieinhalt abhéngig?", Annalen
der Physik 18: 639643, Bibcode 1905AnP...323..639E, @:10.1002/andp.19053231314l See also
the English translation]

4. Fedosin S.G. [Energy, Momentum, Mass and Velocity of Moving Body] vixra.org, 13 Jun 2011.

5. Fedosin S.G. Fizika 1 filosofiia podobiia: ot preonov do metagalaktikl — Perm, 1999. — 544 p. Tabl.
66, Pic. 93, Ref. 377. ISBN 5-8131-0012-1.

6. Fedosin S.G. Fizicheskie teorli 1 beskonechnaia vlozhennost’ materiil — Perm, 2009. — 844 p. ISBN
978-5-9901951-1-0.

7. |201 1 CODATA recommended Valud .

8. WolframAlphd, computational knowledge engine.

9. [Comments to the book{ Fedosin S.G. Fizicheskie teorii i beskonechnaia vlozhennost’ materii. —

Perm, 2009, 844 pages, Tabl. 21, Pic. 41, Ref. 289. ISBN 978-5-9901951-1-0 (in Russian).

10.Fedosin S.G. Model of Gravitational Interaction in the Concept of Gravitons] Journal of Vectorial
Relativity, Vol. 4, No. 1, March 2009, P.1-24.
11.Eedosin S.G. The General Theory of Relativity, Metric Theory of Relativity and Covariant Theory

f Gravitation: Axiomatization and Critical Analysis. vixra.org, 26 Mar 2011.

22


http://vivovoco.astronet.ru/VV/BOOKS/HEAVISIDE/CHAPTER_17.HTM
http://fr.wikisource.org/wiki/La_th%C3%A9orie_de_Lorentz_et_le_principe_de_r%C3%A9action
http://adsabs.harvard.edu/abs/1905AnP...323..639E
http://www.fourmilab.ch/etexts/einstein/E_mc2/www/
http://vixra.org/abs/1106.0024
http://lccn.loc.gov/2009457349
http://serg.fedosin.ru/knen.htm
http://physics.nist.gov/cuu/Constants/index.html
http://www.wolframalpha.com/input/?i=uranium+238
http://serg.fedosin.ru/com.htm
http://jvr.freewebpage.org/TableOfContents/Volume5/Menu4/Articles.html
http://vixra.org/abs/1103.0109



