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Abstract
Logunov A.A., Mestvirishvili M.A. Reletivistic Theory of Gravity: IHEP Preprint 85-162. - Serpukhov, ]985. - p. 67, refs.: 24.
This work presents an unambiguous construction of the relativistic theory
of gravity (RTG) in the framework of relativity and the
geometrizatlon principle. The gauge principle has been formulated, and the Lagrangian density of the gravitational field has thus been constructed.
This
theory explains the totality of the available experimental data on
the solar system and predicts the existence of gravitational waves
of the Faraday-Maxwell type. According to the RTG, the Universe is infinite
and "flat",hence it follows that its natter density should be equal to its
critical density. Therefore, an appreciable "hidden mass" exceeding the presently observed mass of the matter almost 40-fold should exist in the Universe
in some form of the matter or other.In accordance with the RTG, a massive body
having a finite density ceases to contract under gravitational forces within
a finite interval of proper time. From the viewpoint of an external reference
frame, the brightness of the body decreases exponentially (it is getting darker), but nothing extraordinary happens in this case because its density always remains finite and, for example, for a body with the mass of about 10 8 M Q
it is equal to 2 g/cm3. That is why it follows from the HTG that there could
be no objects whatsoever (black holes) in which gravitational collapse of
Batter develops to an infinite density. As has been shown, the presence of a
cosmological term necessarily requires the introduction of a term with an
explicit dependence on the Hinkowski metrics. For the long-range gravitational forces the cosmological constant vanishes.
Аннотаиия
Логунов A.A., Мествирншвили M.A. Релятивистская теория гравитации: Препринт ИФВЭ
85-162. - Серпухов, 1985. - 67 с , библиогр.: 24 назв.
В рамках теории относительности и принципа геометризации однозначно строятся релятивистская теория гравитации (РТГ). Сформулирован калибровочный принцип и на его
основе дано построение плотности лагранжиана гравитационного поля. Эта теория объясняет всю имеющуюся совокупность экспериментальных данных в Солнечной системе
и
предсказывает существование гравитационных волн в духе Фарадея-Максвелла. Согласно
РТГ, Вселенная бесконечна в только 'плоская'. Отсюда следует, что плотность материн
во Вселенной должна быть равна ее критической плотности. Таким образом, во Вселенной должна существовать большая 'скрытая масса' в какой—либо форме материл, которая
почти в 40 раз превышает наблюдаемую сегодня плотность вещества. Согласно РТГ,сжатие массивного тела гравитационными силами останавливается при конечной плотности
вещества за конечный промежуток собственного времени. С точки зрения внешней системы отсчета яркость объекта экспоненциально уменьшается (он чернеет), однако при этом
с ним ничего необычного не происходит, ибо его плотность всегда остается конечной и,
например, для массы тела ~ Ю 8 ^ она равна 2 г/см 3 . Поэтому, согласно РТГ, никаких
объектов (черных дыр), в которых происходит гравитационное сжатие вещества до б е с конечной плотности, не может быть в природе. Показано, что валичже космологического
члена в уравнениях поля с необходимостью требует введения члена, явно зависящего от
метрики Минковского. Если гравитационные силы являются ДальноДенствуюошми, то космологическая постоянная равна нулю.
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INTRODUCTION
Work ' has completed the construction of the relativistic theory of gravity and thus has summed up previous
investigations/ 2 » 3 /. The present work is its further development, in which we cover a detailed study of the general
theoretical questions of the theory construction, expound
the Universe evolution and also,following work/^/,present
the RTG conclusions concerning the gravitational collapse
of a massive body. Our work also shows that if gravitational forces have a long-range action, then the cosmological
constant vanishes.
The RTG is constructed on the basis of the relativity
principle applied earlier to mechanical phenomena only but
later put forward by Henri Poincar*> as universal for all
physical phenomena and formulated as follows/**/; 'The laws
governing physical phenomena will be the same for both the
observer at rest and the one in the state of uniform translational motion, therefore we do not and cannot have any
means to discern whether we are in such a motion or not".
That is why the relativity principle formulated in such a
way might seem inapplicable to the accelerated reference
systems. Moreover, Einstein stated that it was necessary
in this case to go over to general relativity (GR). This
was, however, wrong because, as shown in/°/, the pseudoEuclidean geometry of space-time discovered by Poincare
and Minkowski allows to formulate the generalized relativity princiDle for the classes of noninertial reference
frames as well. The generalized relativity principle has
been formulated in/^/ as follows: "Whichever physical reference frame, inertial or noninertial, we choose, one can
always point to an infinite set of other reference frames,
in which all the physical phenomena develop in the same
way as in the initial reference frame and therefore we do
not and cannot have any experimental tools to discern in
what frame out of this infinite set we are".

The discovery of the pseudo-Euclidean space-time geometry allows to formulate physical laws in both inertial
and noninertial reference frames and thus to refute the
ingrained fallacious assertions'^' on inapplicability of
the relativity theory to accelerated reference frames.
This means that when describing physical phenomena in Minkowski space we can choose, depending upon the specific
physical problem, any appropriate reference frame adequate
for the given problem and, consequently, set a corresponding metric tensor y m n in Minkowski space.
According to the ideology of the GR,the relativity principle is inapplicable to gravitational phenomena. It was
that very central point in which almost 70 years ago Einstein and Hilbert departed from the relativity theory when
constructing the GR. This resulted in dismissing
the
energy-momentum and angular momentum conservation laws as
well as in the development of unphysical concepts of nonlocalizability of. the gravitational energy and in many
other things having nothing in common with gravity. These
two eminent scientists left the surprisingly simple Minkowski space with the maximal,ten-parameter,group of space motion and entered the maze of the Rieinannian geometry which
carried away the subsequent generations of physicists engaged in gravity. Some authors still do not apprehend the
absence of energy-momentum conservation laws in the GR
while others consider it the major fundamental step made
by this theory which overthrew the concept of energy.But
it would be too thoughtless if we renounced the most important law of nature, ie the energy-momentum and angular
momentum conservation law for a closed system, with no
sound experimental grounds.
As shown in^2/', since the GR does not and cannot have
the energy-momentum conservation laws for both matter and
the gravitational field, then the inertial mass defined
in the Einstein theory lias no physical sense, the gravitational flux, as it is defined in the GR, can always be
eliminated by an appropriate choice of the admissible reference frame and, heace, the Einstein's quadrupole formula for the gravitational field radiation is not a GR
consequence. General relativity does not basically suggest
that a binary system looses its energy due to gravitational radiation. This theory does not have the classical
Newtonian limit and, consequently, is inconsistent with
the most fundamental principle of physics, the correspon-

dence principle. All of it testifies to the fact that the
GR cannot be a physical theory because, from the viewpoint
of physics, it is logically discrepant and therefore leads
to a number of conclusions conflicting with experiment'*' .
The only alternative left is to dismiss the GR and, proceeding from the field representations of the Faraday-Maxwell type, construct the gravity theory applying the an
effective Riemannian space-time.
Unlike the GR, our theory is based on the relativity principle, which we, following Poincare,
regard as universal and, consequently, applicable to gravitational phenomena as well. Thus, in our approach the
energy-momentum and angular momentum conservation laws are
fulfilled rigorously and have a covariant nature; therefore the theory has no pseudotensors and, hence, unphysical concepts of nonlocalizability of the gravitational
energy either. Figuratively speaking, our overriding task
is to construct an effective field Riemannian space in
which the conservation laws for matter would be rigorously
fulfilled. In doing this, we should not leave Hinkowski
space but apply a tensor gravitational field and the geometrization principle. This will enable us to use, if necessary, Riemannian space with the conservation laws for
matter already present there. Note, that Riemannian space
thus constructed, is, literally speaking, of a field
origin since this effective force space is produced by a
gravitational field of the Faraday-Maxwell type. Surely,
this Riemannian force space does not, in general case, possess any motion group t
This theory changes the conventional GR-influenced concepts of space-time, takes us out of the maze of Riemannian geometry and is, by its nature, consistent with upto-date theories of elementary particle physics. As a consequence, Einstein's general principle of relativity has
neither physical sence nor any physical content/**/.
The theory developed in this paper is based on the concept of a gravitational field being a physical field of
the Faraday-Maxwell type and possessing energy-momentum.
Thus, the gravitational field, like all other physical fields is characterized by its own energymomentum tensor of the system. We regard the gravitational field as the physical field with spins
2 and 0, an asymptotically free gravitational field having
±2 helicity. For all physical fields, the space-time geometry is pseudo-Euclidean (Minkowski space). So, the energy-momentum and angular momentum conservation laws for a

closed system are fulfilled rigorously. Here lies the major fundamental difference between our theory and the
Einstein's GR.
Another important problem arising when constructing a
theory of gravity is connected with the gravitational field - matter interaction. The gravitational field, as we
represent it now, is universal, ie, it acts on all the
forms of matter in the same way. The basis of our theory
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is the geometrization principle/ ' which says that the
equations for matter motion due to the tensor gravitational field Ф l k in ICinkowski space with the metric tensor
y i k may be identically represented as those for matter
motion in the effective Riemannian space-time with the
metric tensor g i k depending on the gravitational field Ф 1 к
and metric tensor уik. In this way we introduce the concept of the effective Riemannian space-time of a field
nature. Proceeding from Minkowski space and the geometrization principle, the Lagrangian density takes the following general form:

Ь = Ь в ( ? £ к , ф 1 к )+ Ь м (£ £ к ,Ф А ),

(A)

1

where «& = yf^ytf is the density of the field variable
tensor of the gravitational field Ф 1 к ; р к = V ^ g g 1 * is
the density of the metric tensor g i k of Riemannian space,
y i k = V-y'y 1 is the metric tensor density in Minkowski
space, and Ф А are the fields of matter.
For this theory we have formulated the gauge principle.
Together with the nature of a gravitational field as a
spin 2, 0 field it yields uniquely the system of equations
of the RTG. It follows then, in particular, that it is
possible to define unambiguously geometry of Riemannian
space-time only when matter is present.
In this theory, the density of the gravitational field
Lagrangian depends on the metric tensor y i k and the gravitational field Ф 1 к ; therefore it differs fundamentally
from the GR, according to which it depends only on the
metric tensor g* k of Riemannian space. Thus, as contrasted to the GR, the geometrization of the density of the
gravitational field Lagrangian in our theory is incomplete.
Einstein in his GR dismissed the concept of field of
the Faraday-Maxwell type. For example, he wrote as follows: "... for an infinitesimal region, the coordinates
can always be chosen in such a way that the gravitational
field will be absent in it ".When Schrodinger showed that
under an appropriate choice of the coordinate system all
6

the components of the energy-momentum pseudotensor tjj of
the spherically symmetric gravitational field (outside it)
vanish, Einstein commented on it as follows: "As far as
Schrodinger's reasonings are concerned, their cogence consists in analogy with electrodynamics in which the strength
and energy density of any field are nonzero. However, I
cannot find the reason why it should be the case for gravitational fields as well".
The relativistic theory of gravity constructed here
revitalizes the concept of the gravitational field of the
Faraday-Maxwell type which, being a material substance,
cannot be eliminated by any choice of a coordinate system.
I. GEOMETRIZATION PRINCIPLE AND GENERAL RELATIONS
IN THE REIATIVJSTIC THEOH"
OF THE GRAVITATIONAL FIELD
Without loss of generality we shall assume the metric
tensor density g 1 ^ in Riemannian space-time to be a local
function depending on the metric tensor density y l k of
Minkowski space and the tensor density Ф l
of the gravitational field.
Let the Lagrangian density for matter, Lg, depend only
on the fields Ф А , their first-order covariant derivatives and, in virtue of the geometrization principle, also
on the tensor density g*k.The density of the gravitational
field Lagranglan will be assumed to depend only on y ^ i t s
first-order partial derivatives and also on ft1 and its
first-order covariant derivatives with respect to the Minkowski metric. To obtain the conservation laws, we shall
use the invariance of the action in an infinitesimal covariant shift. Since the action

J = /LdV
is a scalar for any specified density of the Lagrangian L,
its variation, &J, will be zero under an arbitrary infinitesimal coordinate transformation*
First calculate the variation of the action of matter
under the transformation

.

х'^х.' + еЧх),

where f (x) is an infinitesimal shift four-vector

(1.1)

Here div are the divergence terms inessential for our consideration so far.
The Euler variation is defined as usual:
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dh
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The variations ^•^ , $ь\ are easy to calculate under
the coordinate transformation (1.1) providing their trans
formation law

"

к

П

f,

(1.3)

is used. Here and in what follows D k is a covariant derivative with respect to the Minkowski metric. Putting these
expressions into (1.2) and integrating by parts we shall
obtain
n. T

_ v

В
The vector f
being arbitrary, one finds from the condition &T|f=O the strong identity

"

'

"в т Ф

(3.5)
which holds true irrespective of whether the equation of
motion for fields are fulfilled or not.
Introduce the notations
(1.6a)

Here Тщд is the density of the energy-momentum tensor of
matter in Riemannian space referred to as the Hilbert ten
sor density.
With allowance for (1.6b) the left-hand side of relation (1.5) can be presented in the following form:
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kn
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кп

кр

D (f e )-J-2 D T -d f? е ) ^-е а f .
The right-hand side of this equality is easily brought
to the form

^P a»d ^7te - is the covariant derivative with
respect to the Biemannian space metric.
Proceeding ГРОШ (3.7) the strong identity can Ъе p\xt
down in the form

In virtue of the least action principle, the equations
of motion for matter fields have the form

Taking them into account we shall obtain from (2.8) the
weak identity

f

m n

4 f

(1.10)

Note that the density T™ 1 of the energy-momentum tensor
for matter in Riemannian space is related to T™ 1 by
n

= fmn - \ f- "f.

(LID

Therefore, we obtain from expression (1.10) the covariant
equation for matter conservation in Riemannian space:
ran

VmT

=0..

(1.12)

If the number of equations for a matter field is four,
then just in this case instead of equations (1.9) one
can always use their equivalent equations (1.12).
The variation of the action integral, (1.2), can be
presented in the following equivalent form:

тп

mn

In this case the variations #ьФ , Sjjr
dinate transformation (1.1) are:
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Putting the expressions for the variations 5 Ь Ф , Sь ^
8 Ь Ф А into (1.13) and integrating by parts we shall, in
m
virtue of arbitrariness of ? , obtain a strong identity

which, as in the case of (1.5),
whether the equations of motion
tational field are fulfulled or
Introduce for any Lagrangian
tions to be used below:

SL

m n

is valid irrespective of
for matter and the gravinot.
some notations and rela-

„ SL

"Tr T

"'^V

<1Л7б)

By virtue of the geometrization principle, I«. is related
to y1"11 by TUf011 only, therefore, the relation
between
a n d
^
^mn i s f o u n d easily:
SLM
„
1

2

Т

Notation (1.6b) has been taken into account here.
Taking into account the identity

we find from (1.17a) and (1.18a)

«r*
*П

10

(1Л86)

Substituting (1.6b) into (1.18b) and regarding the rela
tion

we will obtain

Comparing now (1.8) and (1.16) and regarding (1Л7а) we
will find

4S$

M n

У

Ш

\5Ф к р /

(1,18)

Similarly, from the invariance of the action of the gravitational field under the coordinate transformation (1.1)
we obtain

Adding expressions (1.19) and (1.20) together we shall
find

Here and in what follows

In virtue of the least action principle, the equations
for the gravitational field have the form
5 L

S L

'

S L

" 0

(123)

Taking them into account we shall obtain from (1.21) the
extremely important equality
11

«.Л
Since the density of the total energy-momentum tensor in
Minkowski space is given by

then using it along with (1.11) we can put down relation
(1.24) in the form

KC

- V«T;.

n.26)

The last equality reflects the geometrization principle:
in a pseudo-Euclidean space, the covariant divergence of
the sum of densities of energy-momentum tensors for matter
and the gravitational field is exactly equal to that in
the effective Riemannian space, but only of the density
of the energy-momentum tensor of matter. Once the equations of motion for matter are satisfied, we have

Kll=

V T
m

r=°-

(1-27)

The covariant equation for matter conservation in Riemannian space does not clarify what namely is conserved,whereas the conservation law for the total energy-momentum tensor t m in Minkowski space suggests that the energy-momentum of both the matter and gravitational field is conserved,. So, according to our theory, Riemannian space occurs
as a result of the action of the gravitational field on
all forms of matter. That is why it is the effective Riemannian space of the field origin. Minkowski space finds
its exact physical reflection in the conservation laws
for the energy-momentum and angular momentum tensors for
matter and the gravitational field altogether.
As there are ten Killing vectors in the flat space,then,
consequently, there should be ten conserved integral quantities for a closed system of fields.
Since the equation for conservation of the toral energymomentum tensor in Minkowski space
D t

m

m n

=D (t\+t
t ° \ + t ° )=0
g)n (M)
mMg)n (M)n

(1.28)
*

'

is equivalent to the covariant equation for matter conservation in Riemannian space, which is, in its turn, equivalent to the equation of motion for matter, then we can use
(1.28) instead of the equation of motion for matter.
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It should be particularly noted that in our theory
both matter and the gravitational field are characterized
by the energy-momentum tensors and therefore, in contrast
with the GR, it has no pseudo-tensors whatsoever and, consequently, no unphysical concept on nonlocalizability of
the gravitational energy.
If we, following Hilbert and Einstein, took the density
of the gravitational field Lagrangian in the completely
geometrized form, independent only upon the metric tensor g i k of Riemannian space and its derivatives, e.g. in
the form
g
where R is the scalar curvature oi Riemannian space, then
the energy-momentum tensor density of a free gravitational
field in lfinkowski space should always, in virtue of the
field equations, be equal to zero:

!_ =

Syma

L

8g*k

=0.

(1.29)

dyma

So, the completely geometrized Lagrangian of the gravitational field cannot basically be constructed in liinkowski
space with the help of a tensor physical field possessing
energy and momentum. Therefore the theory constructed on
the basis of this Lagrangian, in principle, cannot
describe the physical gravitational field of
the
Faraday-Maxwell type in Minkowski space. As stated earlier
(see, for instance^ 9 /), with the help of the spin 2 tensor
field one can find unambiguously the Lagrangian of the gravitational field of the GR, which is equal to the scalar
curvature R. However, from the viewpoint of physics, these
works are meaningless and their results are fallacious as
long as, as seen from (1.29), the energy-momentum tensor
introduced there is equal to zero.

2. BASIC IDENTITY
As shown in
, the second-rank symmetric tensor f
can be decomposed in Minkowski space as the direct sum of
irreducible representations, one with spin 2, one with
spin 1, and two with spin 0:

f 4 [ P ( 2 ) + P ( 1 ) + P(0)+ P(o,)]["fik,

(2.1)

Here P ( s ) (s=2,1,0,0') are projection operators satisfying the following standard relations:
P. jp( ' = S P / + ч
( S )

S ( t )

(no summation over t is present
here)

tin
The operators P^ s \ can conveniently be written first in
the momentum representation. For this purpose let us introduce the auxiliary (projection) quantities

It is easy to show that the operators P f s \ satisfying
(2.2) can be put down in terms of (2.3) in the form
Pm£
4o)ni
P

Y Ym£
niA J

m£
Dm£
Y
Y
= ni
*
(o')ni

=A

P

(l)ai = - 2 " I X i Y n + X n Y i +X i Y fl +XnY. ] ,

Pml
r

3

(2)ni =Y

ГК1Ут
l

Y°V

1

Y

> » " Ш

a +

J

Л

(2.4)
(2.5)

Y m£

'

(2.6)

As seen from (2.4)-(2.6), the operators P ? g ) n i are symmetric in the indices (ml) and (ni).
In the x-representation, the projection operators Pes
are nonlocal integrodifferential operators
,ni\
,«4 i m
.
,,ni . .
(L.m£
R.)ni f ; = / y ( )ni (x-y)f (y).
d

n

p

S

The explicit expressions for P10
(x) and P™!
(x) have
(o)ni
the form
(2)ni

(2.7)
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pm£
( 2 )ni

Р

=

/Лт
1 Em
\ R M
5
V
5
X
4 ni ~ - 3 У
in/ < > + J

у

2•,£,«,
д
d
<?

.

(2.8)

In (2.7) and (2.8), D(x) is the Green function of the
wave equation
• D(x) = -S(x),
and

(2.9)

A(x) = /d4yD(x-y)D(y)

and therefore

satisfies the equation

Proceeding from formulas (2.7)-(2.10) it is easy to verify
that the operators P ( o ) and P/2) a r e conserved, ie,the
idtic
identicles

x

) =^P(2>>-0-

(2.11)
a n d

hold true for them. As for the operators P(2)
'(o f )
these are not endowed with this property.
As seen from decomposition (2.2), if the tensor field
obeys the equation
»
a£f m = 0 ,
(2.12)
then it will not contain the representations with
spins 1 and 0'. This means that such a field describes
spins 2 and 0 only.
In virtue of (2.7)-(2.9) it is easily seen that the
operator
т а

d

д д )8(х)

is the only local and conserved operator of the second
rank. Acting with the help of this operator on the function
15

pq
where Ф= УрчФ

we w i l l

find

ИВ

Ч» = / n y [ 2 P 0 ( x - y> - P 2 ( х - у ) ^
= <?k<?p [ y ° V

m

+ У

т к

^

П Р

- y

p k

0

m O

y
a

)
k

- y V ]-

(2.14)

Structure (2.14), i f used for any symmetric tensor field,
i s remarkable for i t s being local, linear, containing second-order derivatives only and satisfying the conservati11
on law, ie, the divergence of «p™ i s identically zero:
mil
am¥ =0..
(2.15)

Later we shall need this structure for the metric tensor density g 1 ™, but written in terms of covariant derivatives with respect to the Minkowski metric.
(2.16)
It is apparent from (2.16) that the identity
D /"* = 0,
(2.17)
m
is fulfilled. We shall refer to it as the basic one because of its fundamental importance for the construction
of the relativistic theory of gravity.
3. EQUATIONS OF REIATIVISTIC THEORY OF GRAVITY
Einstein in his GR regarded the metric tensor g A ^ of
Riemannian space as a characteristic of the gravitational
field. However, it was a profound delusion. We should also
dismiss it,because the physical boundary conditions cannot be imposed on the behaviour of g*k since their asymptotics is dependent on the arbitrariness in the choice of
the space coordinate systems.
In the present Section, we shall construct the relativistic equations for matter and the gravitational field
in the frames of relativity theory and the geometrization
principle.
The relation between the effective metric of the field
Riemannian space and the gravitational field can always
be chosen in the simplest form:
lk
ik

l = y Rg = >/

к

In our theory, the tensor Ф * is a field variable of the
gravitational field. The physical boundary conditions are
formulated just for it. We will assume the gravitational
field to have, in the general case, spins 2 and 0 only.
Such physical requirements, as seen in Section 2, lead in
Galilean coordinates to the following four equations for
the gravitational field:
1 к

ik

^Ф
=<?il = 0.
(3.2)
Similar conditions were occasionally used in the GR earlier/8,13/ a s a specific class of coordinate harmonic conditions to solve "island" problems. It was Foci/ 8 ' who
paid a special attention to the importance of these conditions for solving such problems. He wrote, for example,
as follows: 'The above remarks on the privileged character of a harmonic coordinate system should on no account
be interpreted as a prohibition to use
other systems.
Nothing can be more alien to our viewpoint than such an
interpretation..." and went on: "... The existence of harmonic coordinates, though being a fact of paramount theoretical and practical importance, should on no account preclude a possibility to use other, nonharmonic, coordinate
systems". When solving island problems, Fock was, from the
viewpoint of our theory, unknowingly dealing just with
ordinary Galilean coordinates in an inertial reference
frame, which, as known from the relativity theory,are definitely singled out. In Fock's calculations of island
systems, the harmonic conditions were therefore not the
coordinate ones as he regarded them to be but, as will be
seen from our theory, the field equations in Galilean coordinates of the inertial reference frame. It was due to
this very fact that they played such an important role in
his specific calculations which neither Fock nor others
even suspected.
Thus, Fock regarded harmonic conditions as nothing but
the privileged coordinate conditions applicable to islandtype problems only. This is quite natural because he was
captured along with his eminent predecessors by Riemannian geometry which basically gave no possibility to make
a deeoer insight into the heart of the problem. To make a
decisive step ahead and put forward universal and covariant conditions, it was necessary to refute the ideology
of the GR, leave the maze of Riemannian geometry,apply,in
defiance of the GR, the relati\-ity principle to gravitational phenomena,introduce the concepts of the gravitational
17

field being the physical field of the Faraday-Maxwell type
and possessing energy and momentum. All of it has been
translated into reality in our theory, with the choice of
coordinates being arbitrary and set only by the metric
tensor y lk of Minkowski space, as it is generally accepted in elementary particle theory. As to equations (3.2),
in our theory they are comprehensive and universal because
these are equations for the gravitational field and have
nothing in common with a choice of coordinates. In Minkowski space, they are written in a covariant form

From Section 2 we see that these field equations eliminate
automatically spins 1 and 0' from the gravitational tensor
field. So, we have already constructed iiour covariant equations, (3.3), for the fourteen unknown variables of the
gravitational field and matter. To construct the remaining
ten equations, we shall draw a simple but far-reaching
analogy with the electromagnetic field. Any vector field
A n having spins 1 and 0, it can be decomposed into the
direct sum of relevant but irreducible representations
with the help of, for example, projection operators (2.3)
introduced in -Section 2:
(3.4)
In this case the operator X" is conserved, ie,satisfying
the identities
n Xn-rlmXa = c\
while the operators Y n does not possess this property.
As known from electrodynamics, the conserving electromagnetic current jn is the source of the electromagnetic
field A n . Therefore, a natural step, when
constructing the equations for field motion, is to use the conserving operator Xj* as well. However, this operator is nonlocal but using it as the basis one can construct the unique local, linear and conserved operator DX*j containing
second-order derivatives only. Acting with the help of
this operator on A m we shall obtain the expression having
the following form in terms of covariant derivatives:
- D^^A™.
(3.6)
Postulating the equality
DllD

m Am = T j * '

we will obtain the known Maxwell's equations.
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<3-7>

A paramount features of the electrodynamic equation
(3.7) is its invariance under the following gauge transformation:
n
n
A - A + ТРф,
(3.8)
where ф is an arbitrary scalar function.
All the physical quantities do not vary under this
transformation.which means their independence of the pren
sence of spin 0 in the vector field A . Therefore the
gauge transformation can be chosen in such a way
that
spin 0 would be eliminated from the vector field. The last
point means that the condition
D A m = 0.
(3.9)
m
can be introduced. So, this condition is optional
in
electrodynamics because spin 0 of the vector field does
not, by virtue of gauge invariance, effect the physical
quantities.
Taking into account (3.9) in (3.7), we shall find the
system of equations

- 0,
which define the vector-potential A n having spin 1 only.
The Lagrange formalism leading to these results is common knowledge. Note that the idea to construct the theory
of interaction for vector fields, both Abelian and nonAbelian, on the basis of gauge invariance proved
very
fruitful and is being developed successfully.
The problems we face when constructing the remaining
equations for the tensor gravitational field are of absolutely different nature because its source, ie
the
energy-momentum tensor, is noninvariant under the gauge
transformation of the field <F k . We will treat this problem in more detail later while now, by analogy with electrodynamics of Maxwell, construct the remaining ten equations for the tensor gravitational field. The only conserving second-rank tensor is the energy-momentum tensor t11111
for matter and the gravitational field in Minkowski space,
therefore it would be natural to use it as the total source of the gravitational field. As established in Section 2, the quantity J m is the simplest, local and identically conserving tensor linear in ^Bn; therefore, by analogy with electrodynamics, we postulate the following
equations:
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Jmn= DkDp [ у к п 1 р ю +

к ш
у

Г п - ykpgmn- 7
( З Л 0 )

Generally speaking, this form of equations implies straight-forward fulfilment of the conservation law for the
energy-momentum tensor of matter and gravitational field
in Hinkowski space,

and, as a consequence (see (1.27)), fulfilment of the covariant conservation law for matter in Riemannian space:

V™

=

°*

(3.12)
11

The Hilbert energy-momentum tensor "Г™ can be set phenomenologically in which case (3.12) are the equations of
motion for matter.
Usins equations (3.3)
in (3.10) we shall obtain

^ЧОрГ-^С^,

(3.13.)

D m g m n =O..
(3.13b)
The system of equations (3.13a)-(3.13b) is just the one
sought for in the relativistic theory of gravity.
The role of (3.13b) in the RTG differs crucially from
that of (3.9) in electrodynamics. Indeed, though the lefthand side of equations (3.10) is invariant under the gauge
transformation

?mn-gmn+Dmp+Dn?m-ymnD.r,

(3.14)

= V~Уъ is the density of an arbitrary four-vector f n (x), their right-hand side is not invariant under
this transformation, therefore, we do not have in our theory the arbitrariness of type (3.14) and thus equations
(3.3) cannot follow from (3.10).
So, in the RTG equations (3.3) are subsidiary independent dynamical equations for the gravitational field rather than coordinate or gauge conditions.
The major question to be elucidated when constructing
the theory is to ascertain whether there exists the Lagrangian density for the gravitational field with spins 2
and 0 which would automatically lead to equations (3.13 )
due to the least action principle.
20

The general density of the Lagrangian of the gravitational field $ i k which describes spins 2 and. 0 and is
quadratic in first-order derivatives has the form

+ * k q D . ? " V " +cfknIi4ie'D|,g''-D1,r'.

(3.15)

A peculiar feature of this Lagrangian is that the convolution of covariant derivatives taken with respect to the
Minkowski metric is realized with the help of the effective metric tensor g i k of Riemannian space.
We shall see below (in Section 4) that this requirement imposed on the gravitational field is a consequence
of the geometrization principle and the structure of
the gravitational field having spins 2 and 0 only.
In virtue of the least action principle, the system
of equations for the gravitational field will take the
form
T

SL g

sLM

SL g

SL M

( з л 6 )

Here the relation (3.1) has been taken into account. Ljj
in (3.16) is the
density
Lagrangian
for matter and
the density of the Lagrangian L g is set by formula (3.15).
To present the system of equations (3.16) in the form
of (3.13), the constants a, b, and с in (3.15) should be
chosen in a definite and unique way. For this purpose we
shall find for the Lagrangian L=Lg-i-L« the density of the
energy-momentum tensor t1™11 for matter and the gravitational field in Minkowski space proceeding from formulas
(3.17), (1.22) and (1.25). Calculating the variation of
the total Lagrangian over ymn we shall find

DpK2a.+ b) [ H * V m + H ^ y k n - * C V k p 3 where

О ^ } ,

(3.17)

qk
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As а~эп from (3.17), the equations
mn

mn
OK T

L

-

pn
П

J

I (*Уя

KA ГН

p

а
icni

к/

-2(a.+ 2c)y g p f e D k g
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ш
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ц

к ^

}

к

(3.18)

are equivalent to the field equations (3.16).
In order not to have from the equality
11

D t™ = 0
(3.19)
m
any new equations for the field Ф*-к which would otherwise
lead to a redefinition of the system of equations, it is
necessary and sufficient for the coefficients a, b, and с
to satisfy the conditions
a = - hi;

с = ^b.

2

(3.20)

4

Under this choice of the constants, we have the identity
Dmt

= 0.

So, the equations of motion for matter follow directly from
those for the gravitational field. With regard for the relation of the coefficients (3.20), expression (3.18) will
take the form

1

, ma

*nn

1

coinciding with that of equations (3.13) obtained earlier
by analogy with electrodynamics providing
2b = 1
Л
So, the density of the Lagrangian L leading to the field equations in the form of (3.21) becomes:

The correspondence principle suggests that the constant A.
is equal to
A = -16ff-.
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(3.23)

With allowance for (3.23), the Lagrangian density (3.22)
can be presented in the form
L
g

= -32;[GmnD£ В ~ g

G

m jP n £J'

(3.24)

where the third-rank tensor 6* is defined by the formula
lm
л

ng£

+D£g m - D p g g m ; .

(3.25)

L may also be presented as

Such a Lagrangian was considered for the first time by Rosen^/, in (3.26), the third-rank tensor G ^ is

With allowance for equation (3.3) the complete system of
equations for matter and the gravitational field in the
BTG will be
pk
y

D p D k f m n =16^t m n ;

(3.28)
(3.29)

In Galilean coordinates, these equations will apparently
take the form

nr mn =16tft mn ;

(3.28')

d m g mn =O,.

(3.29')

Should we confine ourselves only to the system of equations
(3.10), then the separation of the Riemannian space metric
into that of the Minkowski
space and the tensor gravitational field would be conditional and have no physical sense. The system (3.29) of four field equations separates
decisively all that relates to the inertial forces from all
that is connected with the gravitational field. The two systems of equations, (3.28) and (3.29), are generally covariant. The relevant physical conditions are imposed, as usual, within a given, for exaiuplc, Galilean, coordinate system on the behaviour of the gravitational field. In the GR,
the physical conditions are impossible to be formulated for
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the metric g11111 remaining in Riemannian space because the
asymptotics of the metric is always dependent on a choice
of the three-dimensional coordinate system.
Let us find now the explicit form of the system of equa
tions (3.16). It may be shown for Lagrangian (3.22) that
=

~ 1 ^ 1б7 «« k«" mnUk£J
and

Therefore
«4 f

(з.зо)

= --rr-Rmn,
where 1L .

Lotr
is the second-rank curvature tenso

R =
ШП

r>k JL
к mn

mn kl

m

ш£

G

nk'

In virtue of (1.6b) and ( 1 . 11)

2~

^(т

\
then we! shall find from ( 3 . 16)

ш п

(3.32)

This means that we have arrived at a system of the
Hilbert-Einstein equations. As has long been known
from references/ 3 /, Lagrangian (3.26) leads to the system
(3.33). But we have established that (3.22) is the only
Lagrangian density of the gravitational field with spins 2
and 0 which leads to the self-consistent system of equations
for matter and field, (3.28) and (3.29). This means that
the RTG equations are the unique and simplest ones of the
second order.
In view of the importance of this fact we shall also present another proof that equations (3.28) and (3.33) are
equivalent. The proof is based on the direct calculation
of the tensor densities ffv and t^JJv in Minkowski space.
Proceeding from formulas (1.17) and taking into account
relation (3.1) we shall find that for the Lagrangian density (3.22) the energy-momentum tensor density of the gravitational field is
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a

Off

Here, as we can see, there straightforwardly appears the
second-rank curvature tensor Kpjj of Riemannian space. Similarly, applying formulas (1.17) and (3.1) and the definition for the Hilbert tensor density, (1.6a), we will find
3

35

< - >
Substituting (3.34) and (3.35) into the field equations
(3.10) we obtain

- -i-r" V > r t - ^ ( V - i gplT)) - o,
thus, easily arriving at the system of equations for the
gravitational field in the form of (3.33)
So, the system of equation (3.10) is equivalent to the
system of the Hilbert-Einstein equations (3.33) while the
complete system of equations in the RTG for matter and the
gravitational field, (3.28) and (3.29),is equivalent to
п = 8* ( T m n - \

g m n

T),

(3.36)

Dmgmn=O.
(3.37)
It is particularly worth mentioning once again that equations (3.37) are general and universal because these are
the field equations describing the gravitational fields
with spins 2 and 0. The choice of a reference frame (or
coordinate system) is determined by the metric tensor of
Minkowski space. As to equations (3.37), they do not impose
any restrictions on the choice of a coordinate system.
The RTG suggests that the solutions satisfying only
equations (3.36) but not (3.37) have no physical
sense. This is the case with all the available solutions
to the Hilbert-Einstein equations. Therefore it is necessary
to search for such solutions which would satisfy the whole
system (3.36)-(3.37) because just these solutions have a
physical sense. This point is of essential importance and
leads to new physical predictions on the Universe evolution,
gravitational collapse etc.
Some aspects of the theory of gravity in Minkowski space
have been treated in/ 3 /. But even those authors who once
were on the right way did not realize that and chose another method of constructing a theory of gravity which did
not result in anything complete.
To summarize the present Section, we shall make the following remark. The system of equations (3.3),
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is not a consequence of the least action principle.
Therefore,when applying this principle to Lagrangian (3.15)
we should have taken into account equations (3.3) intodu01
cing for this purpose the term У^РхИ? into the integrand
of action, where »fo -are the La grange factors.The analysis
performed in the Appendix I shows that since the energymomentum tensor is conserved, Vm
can be chosen to be equal to zero. Therefore, in this and subsequent Sections the
least action principle is applied without the Lagrange factors involved.
4. GAUGE TRANSFORMATION AND UNIQUENESS OF AN RGT LAGRANGIAN
In Section 3 the density (3.22) of the gravitational
field Lagrangian was obtained.As may be verified (see Appendix II, formulas (II. 13)), under the gauge transformation
of the gravitational field
8 Е Ф ш п (х)= ^gnm(x)=gmeD£6n(x)+'gnfD£€m(x)-D£(e£(x)gmn) (4.1)
the Lagrangian density (3.22) varies according to the law
L g -L g +D £ Q £ (x)

Here and henceforth E (X) stand for infinitesimal parameters of the gauge transformation (4.1).
Note, that for the field З^™11 its gauge transformation
differs noticeably from the coordinate transformation (1.14).
Therefore, the gauge transformations (4.1) do not touch
coordinates.
The requirement that under the gauge transformation (4.1)
the Lagrangian density should change by the divergence only
may be put forward as the gauge principle underlying the
construction of the RTG.
Provided that the Lagrangian density changes by the divergence (4.1) the. variation of action is -zero:
5

e J g =&Ъе(УШП,

2™, D £ i mn )d 4 x * 0.

(4.3)

In the first order in E ( X ) , D k e f (x), DmDk£^(x) one has:

Substituting (4.4) into (4.3) and integrating by parts, we
find
5L

SeJ
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g

= /__E_^f^
/
E
4 d4x
mn

=

о

(4.5)

Then, with allowance for expressions (4.1) and (4.5),
8 J = -/d4x.k(x) [_)• (2—r| f i £ ) - D k ( — Л ) ^
= О (4.6)
5g
Sg
Because of arbitrariness of - (x) we come to the identity:

4

if

4 i#

Dg(2 — ~ f ) - Dfe(—=*)g" = 0

(4.7)

Since
5L
e ч-1£ _
) -Dk(—f-)g
(4.7) may be written as follows:
if.

D

,_Jg } ^
k

5f

isa

Here Vp
covariant derivative with respect to the metrics g i k .
This identity is a requirement on the structure of the
density of the gravitational field Lagrangian L . One can
easily get convinced, that this identity is satisfied by
any scalar density dependent only on g.. and its derivatitives.
The simplest of these are:
~
(4.9)
(4.10)
R being the scalar curvature of Riemannian space-time. One
can clearly see that under transformation (4.1) expressiors
(4.9) and (4.10) alter by the law:
f
(4.9a)
(4.10a)
Due to equality (1.29), the choice of a Lagrangian density,
depending only on g.. and its derivatives, does not satisfy
our original requirements, since in this case a gravitational field would not be of Faraday-Maxwell type. Therefore,
in our opinion we have
to construct a Lagrangian density depending on both g i k and У 1 к and their first derivatives. This solution turns out to exist and be unique.
It will be proved below by a direct analysis.
From the requirement of relativistic invariance, the total density of the gravitational field Lagrangian, quadratic in the first derivatives D*!""1, has the form*);
'The most general density of the gravitational field Lagrangian, quadratic in the derivatives Dm{fllc, may be composed by taking convolutions with
llII
111
,
k . г.„1_
~» the
»v~ тхрг»вв1опш7
_______л__Г« ^7
_pltf
.g
X_
V*VX
the
help of
i paV'-X
V ' g m ;. 7
_ p l fCln.
; . . ._«._
e t c . as
кр
ы;
well. However, t h i s would not give r i s e t o anything new, in principle, and
we confine ourselves t o studying the Lagrangian d e n s i t i e s ( 4 . 1 1 ) - ( 4 . 1 3 ) .

_,_

2
1 1

a. L, + 2
X

1

1— 1

Lo,

with

(4.11)

eJ

(4.12)

(km)(qn).
I
*,».
J P r. A (kq)(mn) С
.(km)(qnb
L
g 3 = Утп Упч 8 to3 Л £ р
+ 3 Л£р
i.

Here
Л.(Icq)(mn)3 D

£р

(4.13)

-«Icqr»
*«an
D

£S

P8

a

i» ^1' c i a r e a r b i t r a r y constants. Under the gauge transformation (4.1), the Lagrangian densities (4.12) change
as follows:
« L l- D kQ-a> +^(x)[« k ( O +/З к ° + а к а > ] , i = l,2,3,4,5,
where
e

(4.14)

(5 )
1 (3 ) /j n n n ~ £p
ak
=--^-« k - ^ k D £ D P g *
The explicit form of the structures /v ', ffk » w h i c h
are quite vital for our consideration, will be represented
below in Appendix II (see II.3, II.8). By analogy, we can
write
28

Z

k

)]

J =1

6

'

(4.16)

J

The explicit form of the structures u£ ' and X^J\ necessary for the analysis, will also be given in Appendix II
(11.18). They contain the covariant derivatives of ^am
of third order. We shall not need and therefore do not
present here the structures v/J^ and Y ^ ^ with second and
first order derivatives and also w£J* and Z^J) with first
order derivatives only.
Starting with (4.14) and (4.16), we obtain from (4.11)
that:

(4.17,
Clearly, identical vanishing of the expression
J)
2 a.(a (i) + /B(i)+ a (i) )+ 2 [b .(U<
V^ ) +
k
k +
i=l X к
к
к
J
j = 1
+ Z

kJ))i = °

(4.18)

is the necessary and sufficient condition for the Lagrangian density to change by the divergence under the gauge
transformation (4.1).
Since the terms <*(*)t u5 J , and x£ J ^ contain third order derivatives of g™11, while the terms Д* х ) , v £ * \ Y P ^
contain those of the first and second order and, finally,
a L)
£ ' W k J ) ' Z ^ ~ t h o s e o f t h e f i r s t order only, (4.18)
entails the identities;

2

+ 2 (b U ^ J ) + C J X £ J ) ) = 0,

a «k

il

jl

(4.19)

J

2 ( Ь ^ Л ) + c j Y < j ) ) s 0,

(4.20)

5
6
i)
2 a. </ + 2 (b-jW^ + с i Z* J ) ) = 0 .
J
l ll£
jl

(4.21)

^

+
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Since the structures U< J ) , x £ j ) involve the metric tensor
of Minkowski space, whereas a^
has none, in virtue of
the impossibility to compensate their terms identity (4 19)
splits into two:

= о

(4.23)

With allowance for (4.15), from (4.22) we obtain
=0.
Since the structures a^
it follows that
a

l ~ 2a2

+ a

4 *0;

a

,

a

i

» а ш * %.

3 " !a2 = 0;

a

5

e

°-

а г е

independent,
(4

'24)

The structures U ^ and x'y' are independent (see Appendix II, formulas 11.18), therefore (4.23) yields
b.= c,= 0 j=l,,..,6.
(4.25)
J
0
Taking into account (4.24) and (4.25), from identities
(4.20) and (4.21) w© get

-ХЧ'Г Ч Г >* v
Due to (4.25) and
equal to

j1

(4.26)

(4.26)-(4.27), expression (4.17) is

(4 28)

'

Now, from (4.26) and (4.27) we shall determine the value
for the coefficients a^ and a^.
Since (see Appendix II, formulas 11.10, 11.11) the fol
lowing identities hold true:
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the coefficient a. is not determined by identities (4.26)-(4.27) but is arbitrary. Its value must be found from the
correspondence principle.
Using identity (4.30), we find from (4.27):
Since the expression
is not identically zero (see Appendix II, formulas II.6,
11.17), it follows with necessity that:
a 4 = 0.
(4.32)
Using (4.24) and (4.32) we have
a

2=iV

а

З=Ь'

a

4=0'

a

5=°

<4'33>

After substituting in (4.28) the values of the coefficients
from (4.33) we get:

The expression in square brackets in formula (4.34) will
be given in Appendix II (formula 11.13).
From (4.25) and (4.33) we find the unknown Lagrangian
density to be equal to

+ -g, I g l p D g ^ «р<П
(4.35)
4 8 km B nq B
I6
p & J"
Choosing the coefficient aj, in virtue of the correspondence principle, as
and performing some transformations, we can write now the
Lagrangian density (4.35) in the form of (3.24). The gauge
invariance of the gravitational field (4.1) allowed us to
1
unambiguously specify the nature of the field Ф
selfaction, as well as the structure of the Lagrangian. A particular emphasis should be laid on the fact that this Lagrangian density is not completely geometrized because of
the metric tensor yik o f Minkowski space-tine entering it.
The Lagrangian density (4.35) is quadratic in the first
derivatives D g^111 and serves as a scalar density with respect to arbitrary coordinate transformations. Let us establish now how the Lagrangian density (4.35) is related
to the quantity V-gR> where R is a scalar curvature which
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is constructed like this: choose now the Riemann — Christoff el curvature tensor, written in terms of covariant
derivatives by the Minkowski metrics as

Rmpq » Vmp "

D

P C + <4p«5q " < £ $ р

(4-36)

Here the third-rank tensor GJjJp is defined by formula (3.27)
Then the Ricci tensor takes the form
+

G

Rmp= «Epn= V3mp " » p C <4p<4i " °L lp

(4

'

37)

Convolving now the Ricci tensor with the density of the
metric tensor |;mP, one should obtain the expression for
the density of the scalar curvature R:

As is easy to verify,

Applying this relation to (4.38) we obtain

!<4'40)
Keeping in mind (3.26), one finds the relation between the
density of the RTG Lagrangian and
the scalar curvature S:

Here L is a scalar density under arbitrary coordinate
transformations.
Employing the transformation law (4.10a) for R
under the gauge transformation (4.1), one can readily see
that Lg in the case changes only by the divergence. This
has been established by direct calculation proceeding from
the general Lagrangian density.
The RTG Lagrangian density Lg can also be obtained in
another way. Since, in accordance with (4.10a), under the
gauge transformation (4.1) the quantity R defined via
(4.40) alters by the divergence, the unknown Lagrangian
density, consistent with the gauge principle, is expected
h
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So the Lagrangian density of the gravitational field would be quadratic in the first derivatives of Djjg1"11, one
must choose S n as

Then one comes to the Lagrangian density (3.26) which is
a scalar density under arbitrary coordinate transformations.
This is, however, impossible to do keeping within
the
framework of general relativity.
When matter is present, the RTG equations do not allow
of the gauge transformations (4.1). Here is their distinction from gauge transformations in electrodynamics which
can also occur in case of interacting fields. In the absence of matter, the gauge transformations (4.1) do not
change gravitational field equations but result in changing
the interval of Riemannian space-time and, hence, its geometric characteristics. We can verify then that

5£ds2 = d x W 5 Se g ik
5

e R ik= - R i l D k e £ "

R

ki

D

i££

"E£l)lRik

< 4 - 42 >

It is at this point that we can see clearly the difference
between the transformations (4.1) and gauge invariance in
electrodynamics, in which gauge transformations do not affect physically observed quantities. The space-time geometry is defined unambiguously only when matter is present,
since it is in this case that one has no gauge arbitrariness. As for our theory, here the equations of motion for
matter come as consequences of the ten equations for the
gravitational field Ф ^ . Thus, there are only ten equations
for ten variables of the field Ф 1 к and four variables
characterizing matter. In the RTG, the choice of a coordinate system is entirely dictated by the metric tensor
y**5 of Minkowski space-time. To complete the system, four
more covariant field equations are needed. We introduced
them in
Section 3 as equations determining the structure of a gravitational field as a spin 2, 0 field
of
Faraday-Maxwell type. These equations (3.3) are comprehensive and universal. For a free gravitational field,they
narrow the range of possible gauge transformations
by
imposing on б г (х) the following conditions:
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Xv

=°

<

Therefore, the gauge principle, coupled with the concepts
of a gravitational field as a physical Faraday-Maxwell
field possessing an energy, a momentum and spins 2 and 0,
leads unambiguously to a system of RTG equations.
Proceeding from the gauge transformation group, we have
already constructed unambiguously the gravitational field
Lagrangian density (4.35), quadratic in the first derivatives Djj^k. To this Lagrangian density one may add the known
cosmological term A^/^g". In the case of the gauge transformation (4.1), it also causes an alteration in the Lagrangian density by the divergence (4.9a). However, adding
the cosmological term alone is not allowed physically,
since in this case the field equations would not be fulfilled identically in the absence of matter and the gravitational field Ф* к . Based en our concepts, we can add the
terms of the form:

As is easily seen, the first of these is inconsistent with
the gauge principle. As for the second one, it may agree
with the principle only if equations (3.3) are satisfied.
In accordance with the gauge transformation (4.1), to the
Lagrangian density (4.35) one can add the terms of the
form:
ЛуС|-

+

|п2У.ке1к,

(4.45)

Under the gauge transformation (4.1) and provided equations
(3.3) are fulfilled, from (4.45) we find that
^

-ik

=

m 2 y ik (g' il £ k - l^g^y

(4.46)

о
In virtue of (3.3) s (x) in this case satisfies equation
(4.43).
Expression (4.4?) will bring in additional terms of the
form:

\ AV^g
\
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7

t g g

Y ** pk

l ^ V ]

(4. 47)

into the Hilbert-Einstein equation. Since the field equations must be fulfilled in the absence of matter and the
gravitational field ( Ф 1 к = 0 ) , it follows that
Л =-m2.

(4.48)

Thus, the presence of the cosmological term in the Hilbert-Einstein equation necessarily requires the introduction of a term, containing a Minkowski metrics. In principle, this fact cannot be proved within the framework
of the GR . With allowance for (4.48), the additional term
for the Hilbert-Einstein equations is of the form:

-2m2 V е !fe""1* (g^V* -12^^m)yp^-

(4.49)

It is important to note that, taking into account (4.49),the gravitational field equations follow from the gauge
principle only when equations (3.3) are satisfied.
A more detailed consideration of the problem of interest
will be presented in Section 9.
In conclusion note, that the abovesaid gauge arbitrariness (4.42) occurs in general relativity as well.Therefore,
our conclusions on the definiteness of geometry are also
true for the GR .

Z. RELATIONS BETWEEN THE CANONICAL ENERGY-MOMENTUM
AND HILBKRT TENSORS
The Lagrangian density of the gravitational field depends
on the metric tensor density у""1, the density ф™111 of the
tensor gravitational field and their first-order derivatives. Under the coordinate transformation (1.1), the variation 5 j g of the action is vanishing and therefore

Here

where the density of the canonical tensor

r
p

is
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and the
the form
"k

=

22

density
<9L
$

of

the

third-rank

KJJj

has

dh

- SPP

$--&*
& *

tensor

rjr-r-y1.

(5.4)

Substituting into (5,1) the formulas for the variations
Sjjl"111, Sj^ 1 0 1 1 , (1.14)-(1.15), we shall, in virtue of arbitrariness of the volume Д , obtain the identity

5L

5L

гФ*

-2ty
8Г

p n

5

p

SL

s ^

(5>5)

The shift vector g being arbitrary, from the last expression there follow the strong identities

кр

SLg
by

k

5L

к

S L

,

SL

e»

5у ч

Since the relation between the metric tensor density
of the effective Riemannian^space and the density of the
mn
tensor gravitional field, $ , is
^mn ^mn ran
, .
g =y + Ф »
(5.9)
we find
та

Фта 8Г
8Ф
8Г°
д(дрФтп)
Using these equalities we get
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«?(D p g m n )

<9Lg
д(др у

Here

)

5 (D p g )

YJL are the Christoffel symbols of Minkowski space:
£

1

^J f

\

On performing rudimentary calculations we have the following expression for K^ p :

Kk
01

+ g

(5.10)
The energy-momentum tensor density of the gravitational
field being
"L
к oL
t
=2
- - y k n -fflx
S_£P4
/ Л 1 i) n
У
( 5 5
(g)m
g-mn У
'
5^P4
identity (5.7) can be written in the form

Just this identity established the relation between the
Hilbert tensor density in Minkowski space and the density
of the canonical energy-momentum tensor.
It is helpful to introduce for our further consideration the quantity
(o) k

kp

which in the case of a free gravitational field coincides
exactly, by virtue of identity (5.12), with the density
of the Hilbert energy-momentum tensor.
The system of equations for a free gravitational field,
(3.28)-(3.29), can be written in a somewhat
different
form, through the density of the Hilbert energy-momentum
tensor in Riemannian space. For this purpose let us cal37

culate the densities of the third-rank tensor к£ on the
basis of Lagrangian (3.24) and (3.25) by formula (5.30).
With allowance for the equality

«4

1 ~* J^kp^ ft ,

we obtain
mn

Б

V

'

£n

^

£n

Substituting the expression for б
(see (3.25)) into this
ПШ
equality we obtain
k

Using it we shall obtain the following formula for t/~\m
on the basis of the definition (5.13):

where the density of the antisymmetric tensor о ** is

a k p =g D . ( f " g k B - ! k 4 3 a p ) .
in

шп

(5.16)

ч

and J1"1 denotes the known structure (2.16).
Substituting in (5.12) expression (5.14) for K p k and
passing to the variations with respect to the metrics
one obtain

V-У

kn

isk

pq

After one index has been lowered with the help of the met
rics Уди,, we find from formula (3.34) that

The comparison of expressions (5.17) and (5.18) leads to
the relation:
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m

I6w

P

m

to

8rr

2

a

'

In t h i s case the d e n s i t y of the canonical t e n s o r rm
(5.19)

w i l l be equal t o expression ( 5 . 3 ) ,

rk = - 5 k L
m

ie,

£—D I"4,

+

р

<Э(<?к1 ч)

g

±n

Ш

where the density of the Lagrangian Lg will be written in
covariant derivatives in the Minkowski metric and will
have the form of (3.4).
Using identity (5.19) we can put down the expression
for (5.15) in the form

As established earlier, the system of equations for matter
and the gravitational field (3.28) and (3.29), is equivalent to that of (3.36) and (3.37). Using expression (5.20)
the RTG system of equations for matter and the gravitational field can be written in another, equivalent form:

D m |"°,0.

(5.22)

Here T n is the density of the Hilbert energy-momentum tensor (1.6a) for matter in Riemannian space. It is quite apparent that, by virtue of equations (5.21) and (5.22),the
conservation law for the energy-momentum tensor of matter
and the gravitational field has the form
(0)

n
)

=

0

(

'

5

'

2

3

)

The covariant conservation law for matter in Riemannian
space can be identically represented as

VJ: - «.< - i*-**,-*. < - <£л° - »•

<5 24)

-

Comparing (5.23) and (5.24) we obtain
G q Т" = -D t/1. .
mn q
n (g)m

(5.25)
v

39

As seen from this expression, matter acquires energy and
momentum right from the gravitational field, the total
energy-momentum tensor of matter and the gravitational
field always being conserved rigorously.
The construction of the RTG on the basis of Minkowski
space and the geometrization principle allowed us to deal
at every stage of our reasonings with covariant quantities
only.

6. HOMOGENEOUS AND ISOTROPIC UNIVERSE

In this Section, we will treat a homogeneous and isotropic Universe proceeding from equations (3.36) and (3.37),
The interval for this Universe will be presented in a usual form as

ds 2 = c 2 U(t)dt2 - v(t, r)(dK2 + dy 2 + d z 2 ) ,

(e.i)

where

In expression (6.1), (ct,x,y,z) are the coordinates of
pseudo-Euclidean space chosen in accordance with the values of У 1 к (1,-1,-1,-1) of the Minkowski metric.
For the specified matter distribution, the functions
U(t) and V(t,r) from (6.1) should be defined from the system of equations (3.36) and (3.37).
To simplify the calculations, we have been using till
now the system of units in which c=b=G=l. In this Section,
we will return to the system of CGS units.
It is convenient to proceed in our further consideration
from the system of equations (3.36)-(3.37) written in mixed
coordinates:

D -|"°.О;

(6.3)

m

In (6.2), the notation 3? =

has been introduced.
c2
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The energy-momentum tensor of a perfect fluid
be taken as

/13/

will

P U

7T ) > " С -£ 1Л".
where p(t) is the density, p(t) is the isotropic pressure,
n
and u is the four-velocity vector.
By virtue of (6.1), we have

g

»=_L;

g

.. = g - = g 33= _ _ i _

First consider the conditions imposed on U(t) and V(t,r)
by equations (6.3). In Cartesian coordinates, we find
from (6.3):

dtJu~\t)V3(ttx)=0;

dx M t , r) =dy vV(t,r) = dz VV(t, r ) = 0.

Whereof there follows a most important conclusion -V is
independent of r, and the equality
U(t)=V 3 (t)

(6.7)

holds true.Therefore, the expression for the interval, (6.1),
will take the form
d s 2 = c 2 V 3 ( t ) d t 2 - V(t)(dx2 + d y 2 + d z 2 ) .

(6.8)

Going over to the proper time t according to the formula
3/9
V ' <t)dt = dtr,
we put down the interval (6.8) in the form

(6.9)

ds 2 = c 2 d r 2 -V(r)(dx 2 +dy 2
2

-V(,Xdr 2 +t2d02

+T2siu2ed<f>2).

Comparing (6.10) with the well-known
Robertson-Walker interval^ 1 4 /,
ds2 =c 2 dr 2

-V(r)[-i

zW

+

1 — кг

2

+

(6.10)

expression for the
r2sin20d02],

(6.11)
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where the constant к takes the values 0, +1, we arrive at
the conclusion that in the RTG к is defined uniquely and
its value is zero.
Therefore, by virtue of equations (6.3) the RTG leads
to unique shocking
prediction
- the Universe is infinite and "flat".
Now write equations (6.2) in terms of V(t), P(t), and
p(t). By virtue of (6.4), (6.5), and (6.6) we find
(6.12)

Parametrizing the function V(t) in the form of
V(t) =
we can obtain the following expressions for the left-hand
sides of equations (6.12) and (6.13)

fe-W
3. -г

Going
ming

over to the proper time by formula (6.9) and assu-

=R 2 (O
we will find

W =т
'•
Here and in what follows the dots over R
ves with respect to the proper time r .

(6.17)
mean derivati-

Introduce the notation
H(r) = (?)
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(6.18)

For the present instant of the Universe evolution, т= rQ}
r
the quantity H ( o ) is known as the Hubble "constant" and
it is positive. Therefore, after extracting the root
of (6.16) it is necessary to take the positive sign for
.

(6Л9)

Differentiating (6.19) with respect to r and regarding
(6.17) we will obtain after simple transformations that:

•V •$*•--т-Ч-ч!11-

le 20)

-

If P ( r ) is nonzero for any finite value of r , as it is
seen from (6.19) and (6.17), then R >0, and the "acceleration" is R < 0 . Therefore, in this case the function R=R('")
is monotonously increasing and its curve is always convexed upside. Hence, within a finite moment of time г т ^ п
in the past the function would have its minimal value
K m i n C m i n ) 3 ^ ' The quantity rm±n is taken further as the
reference point for the proper time t and, therefore, we
can set r m i n = 0.
Now let us define the critical density for any г by the
formula
(6.21)
Then in virtue of (6.18) and (6.19), we find
P c (r ) = p(r •)..
(6.22)
Now let us go over to the study of the system of equations
(6.19) and (6.20) which is incomplete because we have only
r
r
two equations for the three unknown functions R ( ) , P ( ) ,
and P(r), Usually, the equation of the matter state which
relates p(r) and p(.r) is chosen as the third equation.
Assuming the Universe to have been in ultrarelativistic
state at the initial stage of evolution, r ~ 0, one can make
use of the relation

P(r)=-5-p(r ).

(6.23)
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At the present moment of time, г~ r0 , we may disregard
the pressure and,therefore, put
p(r~r 0 ) = 0

(6.24)

for this stage of the Universe evolution. For its initial
evolutions stage we, noting (6.23), find from equations
(6.20) the solution
(6.25)
where a is the constant of integration having the dimensionality g/cm3. In this case, with allowance for (6.25),we
obtain from equation (6.19)
R(r)= (^c2$a)Y4r1A.

(6.26)

Formulas (6.25) and (6.26) are true for all the moments
of r at which the Universe was in the ultrarelativistic
state.
For the domain of times when the pressure can be neglected we find

b

p,(r )= —3 -

R (O

from

equations

(6.20). Note
(

,

(6.27) have in this

(|)

(6.27)
case
(6.28)

from equations (6.19). In formulas (6.27) and (6.28), b
is also the constant of integration having the dimensiona3
lity g/cm .
For cosmological measurements, the deceleration parameter q(r) defined by

q(r ) = - ф ( - | ) 2

(6.29)

is introduced. Proceeding from (6.28), one may readily
show that

According to (6.22), at the present moment
of time
the matter density should be equal to the critical density
P c ( r o) = 1 0 ~ 2 9 g/cm3, which is about 40 times as big as
the matter density presently observed in the Universe.
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So, the RTG leads to a strictly definite evolution of
the Universe. It should be underlined that the total energy
density of the matter and gravitation field is always equal
to zero in the process of evolution of the Universe.
Thus, equations (3.37) have changed fundamentally the
nature of the Universe evolution.

7. GRAVITATIONAL COLLAPSE
A conclusion (see, for example'-10»14'-10') arrived at
in the frames of the GR is that if a massive star has
not lost a sufficient amount of its mass on having depleted the nuclear fuel, then no forces whatsoever can prevent it from contracting further under the action of gravity and its density will tend to infinity during a finite
proper time. Such a process of the star evolution is referred to as gravitational collapse. Wheeler considered this
process and the singularity evolving herein to be "a biggest crisis of all the times" in fundamental physics.
Following work/^/ we will show in this Section that the
RTG changes fundamentally the whole nature of gravitational collapse and leads to gravitational slowdown due to
which a massive body stops contracting in a co-moving reference frame within a finite proper time and, what is the
most important point, the matter density remains
finite
in this case. Therefore, predictions of the RTG on collapse
differ fundamentally from those of the GR.
Let us present succinctly the GR results on collapse.
In a co-moving reference frame,
the
interval for a
spherically symmetric body is written as

In work/* 6 /, the exact solution to the Hilbert-Einstein
system of equations has been found under the assumption
on the zero pressure. This solution has the form

B=R/i-JL_V/3

R^R ;

(7.2)

2/3
>

K
o

»

\I'O)
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where

R-* = - т Л

(7.5)

о
2
о
Here m is the gravitational mass of the body under consideration. It follows from (7.2)-(7.3) that the range of г
has the upper bound г = rQ,and as to B(R,r) f all the values ranging from 0 to <» are admissible.
For the matter density in the co-moving reference frame,
the following formula is obtained:
e =

'7.6)
6*(r-v)2
As seen from it, collapse of matter developes in the GR
within the finite proper time rQ, with the matter density
E reaching an infinite value.
The concept of RTG suggests that the natural geometry
of the gravitational field is that of Minkowski space.
This means that the components of the gravitational field
or, by virtue of (3.1), those of the metric tensor ^Ian of
the effective Riemannian space are governed by the universal field equations (3.37)
m

= 0

(7.7)

along with those of Hilbert-Einstein (3.36). Therefore,
to study any problem within the frames of the RTG, it is
necessary to find a compatible solution consistent with
both (3.36) and (3.37).
Consider a spherically symmetric body and find its gravitational field, or, by virtue of (3.1), the metric tensor of the relevant Riemannian space.
Write the
interval in
terms of the variables of
Minkowski space:
d s 2 =goo(t,r)dt2 + 2g Qi (t,r)dtdr + g ii (t f r)dr 2 - B 2 (t, r)(d0 2 + s i n 2 0 d 0 2 )
and introduce the notation
х*=0,г , в,ф-У.

(7.8)
(7.9)

Now let us go over from x* to the proper variables
?'= (r , R , 0 , 0 ) ,

(7.10)

assuming that
t = t(r, R ) ; r = r(r, R ) .
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(7.11)

The requirement imposed on the function (7.11) is that
the interval (7.8) should take the form of (7.1) in terms
1
1
of f . This discloses the meaning of the coordinates f :
r
is the proper time, R is the .radial variable in the comoving coordinate system, ie f
are the proper coordinates of the body under study.
We shall write the system of equations (3.37) in a some
what different form using for this purpose the known equality

Г*, (x)gk£ (x) = - е

V !"

— [vEIuV'tol .

(7.12)

<?x*

where

Applying the transformation law for the quantities \ j ( )
and g (x) we shall obtain under the transformation (7.11)

Comparing (7.12) with (7.13) we shall find

; q= 0,1,2,3.
Here the symbol n

(7.14)

is the generalized d'Alembert's operator:

Ш

V.A.Fock and still earlier DeDonder'
riant harmonic condition of the form

5

)

' used the noncova-

as the privileged coordinate one. Proceeding from equality
(7.14) it can be presented as
Dxq
= 0 , q =0,1,2,3.
(7.17)
This condition cannot be made covariant in the frames of
the GR. In harmonic coordinates, the system of HilbertEinstein equations is simplified essentially. This must
have been the reason why Fock termed it the privileged one.
Should we decide to conserve conditions (7.16) and make
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them universal we would have to transform them into a
covariant form. But this operation is not unique and cannot be performed within the frames of the GR. We have
solved the problem of searching for new equations, proceeding from the physical structure of the gravitational
field which served as basis to obtain in Section 3 equation (3.37):

Using (714) this equation can be transformed into
nxfl - -v q (тс) d*' d Xl

р

^С

Here y q (x) are Christoffel symbols in Minkowski space.
mn
In Galilean coordinates, the quantities yn4 (x)=0 and
mn
equation (7.19) coincide with equation (7.17). Equation
(7.19) is covariant and founded basically on the
structure of the gravitational field, reflecting
the fundamental importance of Minkowski space. These equations are very much important because they change crucially
the nature of the gravitational phenomena predicted. An
utterly new physics, particularly in the domain of strong
fields, appears. We became
convinced of that when studying the universe evolution and below we are going to
demonstrate it by an example of the nature of the development of gravitational collapse.
In doing this, we shall proceed from equation (7.19)
which is an alternative form of writting the generally
covariant field equation of the RTG, equation (7.18). If
the coordinates chosen in Minkowski space are Cartesian
ones, then y** (x)=0, whereas in spheric coordinates, where
1

'>

Уц=~1>

ушп = 0 ; m ^ n ;

У22=~*2;
2

£7

>' 3 3 = - r s i n

i 0

(7.20)
4

the nonzero connection coefficients y
are
y
mn
mn
2
2

y*
=-r;. 3yi
=-rsin 0:
22
3
у

2

=-sin0cos0;

_J

V

\2

8

_ _L •

-y^3 - r '

у =ctg0.

( 7 # 2 Л )

Using for yq
the expressions (7.21) and for g p ( O
mn
values corresponding to the interval (7.1),
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the

-СО

22

23

2

2

3
В 2"
B" 2siir
g22(O
(O = -В"
; gX&
X& . -B
siir 266,

we

(7.22)

shall find from (7.19)

Now put down the system of the Hilbert-Einstein equations
(3.36), outside matter,
R

mn = °

in terms of o>(r, R) and B(r, R ) . They have the form
e =0;

дВ до

(7.25)

со дВ
e

The solutions to these equations have been
found in
w o r k s / 1 6 > 1 7 / and they have the form of (7.3)-(7.4).
Substituting (7.4) into (7.23)-(7.24) we find
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These equations, as seen, establish an explicit relation
between the coordinates R,r of the co-moving reference
frame and those in Minkowski space, r and t.
4
As shown in' ', their solution has the form
г = В - m,

(7.30)

В - ВЗЛ1 - 2 JZS • 24. f > ^ Ё , (7.31,

,.
3V2m

VB- V ^

where В is expressed by formula (7.3) through r and R.
As apparently seen from (7.31), for R > R o the range of
B(r, R) is bounded from below by the inequality
B(r , R) >2m,
(7.32)
with the point B=2m corresponding to an infinite value of
the variable t.
Proceeding from (7.3) and (7.32), we get that r never
reaches the value of r 0 .
From the viewpoint of an external observer, for example,
the surface of a spherical star of the "radius" R=R Q will
approach
the Schwarzschild sphere of the radius B(r., R o ) =
= 2m within an infinite time t, whereas in terms of the
co-moving reference frame this process will take
place
within a finite proper time r c equal to
c

( ) ]

i

.

(7.33)

This formula is obtained easily from (7.3) providing (7.32)
is taken into account. Thus, the RTG equations, (3.37)
confine the range of the proper time r,
Now calculate the limiting value of the density e . In
formula (7.6), we can use for rQ the expression (7.33),
since it holds true for R=R O > and thus get
(7

'34)

This implies that e does not become infinite because new
field equations, (3.37), prohibit the proper time r from
reaching r0. Therefore, in the co-moving reference frame
the process terminates within the finite time r equal to
тс
From the viewpoint of an external reference frame, the
brightness of an object decreases exponentially, ie it is
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turning black. Yet, nothing extraordinary happens to it
as long as its density always remains finite. For example,
8
3
for a body having the mass ~ 1 0 M Q it is equal to 2g/cm .
Despite the fact that gravitational contraction of a
massive body to the dimension of the Schwarzschild radius
takes place within the finite proper time rc, always less
than r6, this does not necessarily mean that any object
can presently reach this state, because: it is in principle
impossible in the RTG as long as this state is limiting
and is reached only when the time t in Minkowski space is
equal to infinity. A possibility for relict objects of this
type to exist is not excluded.
Now let us give the analysis of the system of equations
for the interior of the body. It should be remembered that
the system has been obtained from (3.37). In the interior
of the body, one should take into account not only the
г-dependence of e, but also its R-dependence. This, however, would make the search for the exact solution very much
complicated, therefore for methodical applications we will
consider a simple case when e is dependent on r only, ie
the solutions to the system of Hilbert-Einstein equations
for the interior of the body have the form of (7.2) and
(7.4).
Let us demand that (7.2) and (7.4) as functions of the
coordinates in Minkowski space should satisfy the system of equations (7.28) and (7.29). Solving it we will
find thus the explicit connection between the coordinates
of the co-moving reference frame, (R, г ) , and those in
Minkowski space, (r, t ) , for the interior of the body.
Proceeding from these solutions^/ , one can obtain the
behaviour of t at large values versus the range of £ defi-

-3re(l--)

•

о

When the variable
^min

£ approaches its minimal value,

= 3R

o ~

R

(Ro-51 ~2^

t tends to infinity following the law

(3R - R)(4m + 3r o )£n

-

The existence of the minimal value, ^ m i n ^ ) » i s t n e m a n i ~
festation of gravitational slowdown.
For different values of R w e will have different values
of the limiting proper time r ( R ) , and, hence, different
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limiting densities E corresponding to an infinite value
of the variable t. This implies that the limiting density
is a function of the radial variable R. Our study of a
solution to the problem for the interior of the body is,
of course, of a methodical interest only. It just shows
that the constraint for г emerging when solving the RTG
equations for the exterior of a body is valid for its interior as well. Therefore, if the term "gravitational collapse" is to be retained, its physical meaning should be
changed because in the RTG, in contrast to the GR, it does
not lead to an infinite value of the matter density. The
matter density of a collapsing star is not so large, and
in a number of cases it is even small, therefore its interior can in principle be observed from an external reference frame.
We have considered the model with the pressure vanishing. But even in this case a disastrously strong contraction of matter does not take place. As to real objects,
their gravitational contraction seems to be still
weaker. Therefore, according to the RTG, there can be no
objects whatsoever (black holes) in which massive bodies
contract under gravity to an infinite density.
In the RTG, there emerges a new phenomenon, ie gravitational slowdown. It is just due to this phenomenon (with
account for the neutron star formation) that objects with
a density greater than Ю 1 6 g/cm3 cannot, in principle,
emerge. Objects having a higher density, if any in nature,
can be of the relic origin only. To study the evolution
of a collapsing object it is necessary, with account for
the equation of state, to make a deep insight into the
orocesses taking place in it. So, no singularity occurs
in the RTG during gravitational contraction, and, consequently, there is no "biggest crisis" either.
To conclude this Section, we shall obtain the explicit
form of the interval (7.8). Proceeding from formulas (7.3),
(7.4), (7.30) and (7.31) and by virtue of the tensor transformation

we shall get the expression
Г + m

r+

га

2

for Interval (7.8) outside the body.
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2

-dr2 - (r + ra) (d0
г— m

+ sin вйф2 ).

8. RTG COROLLARIES FOR ISLAND-TYPE BODIES
In this Section, we shall mention the results for island-type bodies following from the RTG. Its post-Newtonian parameters are equal to

Therefore, the theory describes the whole presently available set of gravitational experiments^ 18 '. It is rigorously consistent with the principle of correspondence and
predicts the existence of gravitational waves of the Faraday-Maxwell type possessing energy, momentum, and angular
momentum. In virtue of the geometrization principle, the
curvature of the effective Riemannian space emerges as a
result of the gravitational field acting on matter. According to this theory, gravitational waves propagate in the
same way as electromagnetic ones.
The underlying principle of our theory of gravity being
special relativity, the inertial mass of a system is specified rigorously,

m. = /d3x(t°° + t£°)

(8.1)

and is a scalar with respect to three-dimensional coordinate transformations.
In virtue of the conservation law for the total energymomentum tensor in Minkowski space,
д (t 1 ™ • t""1) = 0.
(8.2)
m g
м
m. is apparently time-independent.
In any theory of gravity, in addition to the inertial
mass there can theoretically exist, as Bondi believed'1®',
two more forms of masses: a passive gravitational mass m p
and active gravitational mass m a . He drew a distinction
among these three masses, m i , m , and m , from the measurements used to define them.
The inertial mass m. is the mass entering Newton's second law and governed by it:
m i

a a = Fa,.

The passive gravitational mass m

(8.3)
is the mass acted upon

by the gravitational field, ie defined by the expression

F a = -mp V°u,

(8.4)
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where U is the Newtonian potential. And, finally, the active gravitational mass m a is the mass which is the source
of the gravitational field.
In Newton's mechanics, the third law demands that the
active and passive masses be equal, m = m g = M, regardless
of the dimensions and composition of bodies; the equality
of the inert mass to the other two is assumed as the empiric fact.
The experiments performed by Bessel and Eotvos as far
back as the previous century established that for laboratory-sized bodies the gravitational-inert mass ratio may
differ from unity by no more than 10~^ and does not depend upon the composition of the body.
As established presentiy/20/ f r O m gravitational experiments for laboratory bodies, the difference of their gravitational-inert mass ratio from unity does not exceed lO" 1 2 .
Though the above results are interpreted as the experimental proof of the hypothesis on the equality of gravitational and inert masses, this does not necessarily imply
that for bigger bodies these masses would coincide to the
same accuracy.
/91 /

For lab-sized objects'^-1', the ratio of the proper gravitational energy to the total energy does not, in the order of magnitude, exceed 10~^5 > Therefore, with an accuracy of measurements equal to 3O~^ 2 nothing can be said
about the way the proper gravitational energy is distributed between the inert and gravitational masses.
In order to solve the question of the equality of the
gravitational and inert masses of an extended body experimentally, it is necessary either to raise considerably
the accuracy of gravitational experiments with laboratory
bodies or to take measurements on such bodies, e.g. planets, whose proper gravitational - total energy ratio is
far higher than 1 0 " 2 5 .
Einstein considered the equality of the inert and gravitational masses of the same body as an exact law of nature
which was to be reflected in his theory. At present it is
customary to think it proved that in the GR the gravitational mass (referred to sometimes as "heavy mass") of
the system M consisting of matter and the gravitational
field is equal to its inert mass. This assertion can be
found in works by Einstein' 7 ^, Tolman/ 32 /, and Weyl/ 2 2 /.
Later on, some other authors/* 3 » 23 / have also "proved"
this theorem with various modifications to it.
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/24/
Yet, this conclusion is fallacious. As shown in'
,
since the GR does not and cannot have conservation laws
for the energy-momentum of matter and the gravitational
field altogether,the inert mass m. can take in Einstein's
theory any values depending upon a choice of the system
of space coordinates x*. That is why m^ has no physical
meaning and therefore there can be no saying whatsoever
on the equality of inert and gravitational masses in the
GR. At this point lies a biggest delusion travelling from
one book into other. So, the GR conclusions are not only
logically inconsistent from the viewpoint of physics but
ever directly conflicting the experimental data on the
equality of inert and active gravitational masses.
The gravitational mass is usually defined from the
asymptotic expression for the component g :
(8

goo* 1 - T -

'5)

Show now that in the RTG the active gravitational
and
inert masses of a body are equal. Without loss of generality, we put down equations (3.28) for the field Ф 0 0 in
Cartesian coordinates as
.00

D Ф

1r

/.DO

A 0 0 \

= 16ff(tg + t M ).

If the quantity t°.o+tJjO is constant or changing very weakly with time, so that gravitational radiation is negligible, we shall obtain the following equation for ф°°:
+

t)

those solution will be presented as
ф О О

Hereout we find for | x | = r -».«
4m-

(8.6)

where m. is specified by formula (8.1).
By virtue of (3.1) we obtain from here for g*°
4m.
g°°- 1 + - i .
(8.7)
r
The quantity g = det g
is well known to have, to an aclm
curacy of terms 0(l/r), the form
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4m,
gx -1 - -^i
Hence, from the relation g°° = -^—g°° we find that

g<*>« 1 + Ь
and for g we get
oo

2пь
(8

'8)

<W * - "Г

Keeping in mind the definition (8.5) of the gravitational
mass we find
If = m±.
This is just what was to be proved.
Finally, note that within the framework of the RTG the
quantity P = /d х ( ^ * + tjjj1) is the energy-momentum fourvector of the system under arbitrary coordinate transformations. Similarly, the angular momentum of the system is
in the RTG a tensor with respect to any coordinate transformations in the four-dimensional Minkowski space.
9. LONG-RANGE ACTION OF GRAVITATIONAL FORCES
AND COSMOLOGICAL CONSTANT
Till now we have been considering the gravitational interaction as a long-range one and, hence, the gravitational field as a massless one.In this Section, we will
show that the theory we advance admits a fairly intresting generalization on a possibility to introduce, within
the frames
of the RTG, the rest mass m for graviton.
Without violating the general requirements imposed on
the RTG, one can add to Lagrangian (3.22) the simplest
terms of the form

(9.1)

x/

and
x

/ 7 .

2

mi

«n ymftg \

,

м g m j» n .

(9.2)

Then the Lagrangian density of the gravitational field can
be presented as a sum of two Lagrangians,
L g = Lg + A g ,
(9.3)
where L is given by (3.22) and Л is equal to
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Note that in our theory, in contrast to the GR, the Lagrangian for the gravitational field contains also the
terms of form (9.2). The inclusion of the termXoyfZy* into
the Lagrangian X_, which is actually constant, may seem
strange. However, as to be shown below, a constant term
is necessary for the Lagrangian of the gravitational field
to vanish when Ф**1 is zero.
In accordance with the geometrization principle, the
Lagrangian for matter, Lj|, is related to the gravitational
field ф""1 by g™ n only. Therefore, the total Lagrangian
of the RTG is
L = L g + Цц .
(9.5)
Proceeding from this Lagrangian, where L is given by
formula (9.3),and taking into account relation (3.1) let
us calculate the density of the energy-momentum tensor for
matter and the gravitational field, t"111, in Minkowski
space.It has the form
mn
+

О I

/

,

(

П1С

i
Шр

X

-Y\Y У - 2Y

шП

Y

,4

ркЛ

&\

I

О*-*

*•

J-^T-^-J

__
уШП

J™11 in this expression denotes the known structure (2.16)
In virtue of the least action principle
— — - =0-.
(9.7)
S|pk
Therefore, it is clear from (9.6) that the equations

J m \ т2гп+э
are totally equivalent to (9.7). In order not to get any
new equations for the field Ф1"11 from the equality
1
= 0
(9.9)
it is necessary and sufficient that the relation

should be satisfied identically. From here we find that
M 2 = 0.

(9.10)
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The remaining constants in the Lagrangian (9.4), Л , ЭК ,
2
and m , are not defined by the condition
(9.9), and,
therefore, we have

\

L

а2

" « ^(К^^^^ Урк^)'

(9.11)

So,if this Lagrangian is used as the basis for the RTG
and the Lagrangian of matter is chosen in accordance with
the geometrization principle, we will obtain the following
system of equations:

D

m8

-°«

(9.13)

The system of equations, equivalent to (9.12)-(9.13) and
obtained from (9.7) by the substitution of (9.5), can be
presented as
k
k
+ Ag
pk

vCg О Т - 1 f «R | «» - -f ft"V - f g"V > ] = 8яТтп

( 9 Л 4 )

Dmgmn=0.

Since the identities

(9.15)

where у is a covariant derivative with respect to the
metric g»n, hold, we get from (9.14)

Consider in (9.16) the term containing y
With allowance for the equality
»nrpk ~~

mp'qk

m

Урк.

mk^pq *

q

where the tensor G
is given by (3.27), we shall find
mn
Y и = У e m n ( D p g M + G ,& q p ).
(9.17)
ffl pit

OK}

pH

When deriving this identity we made use of the explicit
expression for G ^ . Using (9.17) in (9.16) we shall obtain
m2

£

IT^J-iy g ^ D p g ^ + ^ S
£
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qm

f

рг.

о

mn

) + 8 ^ V j =0ш

(9.18)

By virtue of the equations for the gravitational field,
(9.15),

Dpg

Pq

4

= V^iCDpgP + O ^ g ™ ) = 0

from (9.18), which are a consequence of (9.14), there
necessarily follow equations of motion for matter
111

VmT" = 0.
(9.19)
So, from the equations for the gravitational field,(9.14)
and (9.15), there immediately follows the safisfiability
of the equations for matter, (9.19). Equations (9.15) ensure the compatibility of equations (9.14) with
those
for matter. Another point is also true. If equations (9.14),
(9.19) hold, then equations (9.15) are definitely their
consequence and, hence, such a theory describes the massive gravitational field having spins 2 and 0 only because
the system of equations (9.15) eliminates spins 1 and 0'
from the tensor field ф""1.
In the absence of matter and the gravitational field
( ф ш = 0 ) , equations (9.14) and (9.15) should vanish
identically. This is possible only if m 2 and Л are related as follows:
Л = -m2,.
(9.20)
2
Another relation between the constants «eeand m can be
obtained from the analysis of the Lagrangian £_. Putting
the gravitational field equal to zero in (9.11) and noting equality (9.20) we will find
«w
У —у'
2
In the absence of matter and the gravitational field it
seems natural to demand that the Lagrangian (9.15) vanish
identically. This yields the equality
2

Ж = -m .

(9.21)

о

So, as seen from the above analysis, the Lagrangian (9.14)
2
contains only one constant which will be denoted via m .
Now let us elucidate the physical sense of the parameter m 2 . For this purpose we consider equations (9.14)
in the approximation of the weak field фшп. Proceeding
from (3.1) the following expansions for ^nn and g can be
found in Galilean coordinates:
mn
1 шп, к
1 ,mn к

2

х

fc

2

к

(9.22)
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(9.23)
Using these expansions we shall obtain
ffln

1

hence,

Taking into accoimt (9.20) and (9.21) we obtain
first order in Ф™ 1 1 the equality
1

2 /—'/ mp „к

1 лп

р!Л

1

in the
2

- T ml ~fm ^-в* в - f ^g >pke - f ш ф •
So,in the approximation of the weak field, equation (9.14)
will transform into
( D - m 2 ) Ф"111 = 0.

(9.25)

As we see, in a weak field the constant m is the graviton
rest mass. As a side remark, in virtue of (9.22)-(9.23)
we have in the lower order the following
expression
for A' :

As easily seen from (9.12) and (9.13), the system of equations of motion describing the gravitational field ф ™
of a nonzero rest mass is as follows;
ПП

;

(9.27)

Dm$mn=0

(9.28)

or, in another form of presentation,
'

1 J°nD\

m

яг £ к )
« -7== Г

2

r/mP

n l t

1

tnn Pk\

[(e s. — — г ^е ) v
5

m n

+г

n

1-

(9.29)

v-g
Dmgmn=O.
(9.30)
1
If earlier the flat metric У™" of the RTG was contained
in equations (3.37) only, now we see that it enters both
the system of equations (9.30) and (9.29).
An important conclusion follows from the aforementioned
If the graviton rest mass m is equal to zero, ie if the
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gravitational interaction is long-range, then the equations of the gravitational field, (9.29)-(9.30), transform
into those of the RTG, (3.36)-(3.37). Thus, for the longrange gravitational field the cosmological term is always
equal to zero.
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Appendix I
The system of equations (3.3) we postulated for the gravitational field is not a consequence of the least action
principle. Therefore, when applying this principle these
equations, being comprehensive and universal, should be
interpreted as '"subsidiary conditions". Putting it in
other words, we should make the variation of the action
4

J в /Ld x
(I.I)
TOn
with respect to the fields ^
or, by virtue of relation
(3.1) with respect to g™11 for the manifold defined by the
system of equations (3.3). Such a variational problem is
well-known to be solved by the method of Lagrange factors.A
routine technique of this method is to add the term of the
form J 7 m D n £ n m to the Lagrangian L of the integrand
(I.I),
where V are Lagrange factors, and to apply the least action principle to the expression

^mOdV

d.2)

When (.1.2) is varied, both 9 m and all the components of
the tensor density g001 are varied independently of each
other, therefore, we will find

<5L 1
"JjSS-yPn'a +Dm>?n> -0'.

(1.3)

in

D « T " - 0.

( 1Л)

We will perform a further analysis using L=L e +Lu as an
example, where L is given by formula (3.22) and Ьд| is
the Lagrangian of matter.
Calculating for

A

the total energy-momentum tensor t m n by formula (2.17) we
will obtain

From here one can see that if (*1.3) holds true then
ffl
t m n - j L Jffl
V>kk[,
[,£ ( | y + l V - r y ) ] .

(i.5
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Since

we, noting (1.4), find from (1.5)
Thus, the Lagrange factors т/п can be chosen to be
to zero.

equal

Appendix II
This Appendix will complement Section 4 of our paper.
Here we establish the transformation law for the RTG Lagrangian density (3.22) under the gauge transformation (4.1)
and also give some relations and expressions used in the
main body of this paper. The density (3.22) of the gravitational field Lagrangian can be put down in the form:

The e x p l i c i t expressions for L^ are contained in (4.12).
Wider t h e gauge transformation ( 4 . 1 ) , the Lagrangian dens i t i e s vary in the following manner:

S £ L.=D k <4 +«k(?X«(k1) + fi™+*? )•

С".2)

The expressions for the structures <*к* were given
in
Section 4. For the quantities fi^ and <^l> s e e below:

kn

g D ( D f D f ) + 2Df(gJg
qr

1

Р

m

*•

kq

)DD/
p m

-4

г >-^х АЛ
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pq

n ~mn

m£
D g " D I " -2g
g D 1 D f r D ggPq
2gm£

Dg
nk

t

o n ~ mn rv ~

rq

P

m

qr t

nk p

m°
(II.6)

ID
'кг о

Proceeding from formulas (4.15) and (II.3)-(II.8) it is
easy, though somewhat tiresome, to find out the following
identities to arise:

Hence, taking into account formulas (II.2) and (II.9)-(11.11), one derives from (II.1).
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(11.12)

k

Q W = Q(

k

k

1 ) + -^ 2 ) + iQ ( 3 )

As may be shown,

Thus, under the gauge transformation (4.1) the RTG Lagrangian density (3.22) alters by the divergence and therefore
satisfies (4.8) identically.
Let us find now how the Lagrangians h4 and L~j
(j=
= 1 , . . . 6) change under the transformation (4.15. As was
shown in the bulk of the paper, a 5 =0. That is why the density of Lagrangian L 5 will not be considered
S L
E 4

= D k Q ^ 4 ) + £ k ( X )[«< c 4) + / 5 k ( 4 ) + 4 4 ) ] , ( п .

ZkJ))].

(11.15)

The structure cr * was presented in Section A. The qianti
ties

$• ^ and

o^ 4 ^ are equal to:

Here, out of all the structures entering (11.15), only
u£3> and X ^ J ) (j=l,...6) will be presented, since they al
low to determine uniquely the values for the coefficients
bj and Cj (j=l,...6).
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mn

k q r p l

A

qr

DpD£f"- 2 ? к т 8 \ А В £ Dp f

fm

q p £e

kn

к Р

nq

.

(6 )

=gmn(2ir D D D g ' 4 - ? D D D f V

X
к

e

' m kn p q

b

л

т пк p q

6

D,DDg").

'pq к т о *

These expressions analyzed, it becomes clear that the
structures U^J) and х £ " are independent. Hence, identities (4.23) of the main part of this paper turn into zero
for zero coefficients only:
bj=

Cj= 0

(j=l,...6).
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