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Abstract
Logunov A.A., Mestvirishvili М.А. On the Fundamental Principles of
the RelativiBtio Theory of Gravitation: IHEP Preprint 90-84. -
Protvino, 1990. - p. 16, refs.: 7.

paper expounds consistently, within the frames of the
Special Relativity Theory, the fundamental postulates of the
Relativietio Theory of Gravitation (RTG), whioh make it possible
to obtain the unique complete system of the equations for gravita-
tional field.

Major attention has been paid to the analysis of the gauge
group and of the oausality prinoiple. Some results related to the
evolution of the Friedmann Universe, to gravitational collapse,
etc, being the oorollaries of the RTG equations, are also
presented.

Аннотация
А.А.Логунов, М.А.Мествиришвили. Об основных принципах релятиви-
стской теории гравитации: Препринт МФВЭ 90-84. - Протвино, 1990. -
16 с , библиогр.: 7.

В работе в рамках СТО дается изложение основных постулатов
релятивистской теории гравитации, которые дают возможность
однозначно найти полную систему уравнений гравитационного поля.

Особое место в работе уделено анализу калибровочной группы, а
также принципу причинности. Приведены некоторые результаты,
относящиеся к развитию ФридмановскоЙ вселенной, гравитационному
коллапсу и др., которые являются следствиями уравнений РТГ.

Институт физики высоких энергий, 1990.



The analysis of the General Relativity Theory (GHT) shows that
with its concept accepted, this leads, firstly, to repudiation of
the energy-momentum and angular momentum conservation laws for
matter and gravitational field taken altogether and, secondly, to
repudiation of the representation of gravitational field as a
classical field of Faraday-Maxwell type possessing the
energy-momentum density. However, since neither macro- nor
microcosm has a single experimental Indication questioning di-
rectly or indirectly the validity of the matter conservation laws,
there are no physics grounds whatsoever to repudiate them. But one
may encounter In some references, though rarely, somewhat strange
statements [1] to the effect that the conservation laws
reflecting the symmetry of the background Mlnkowski space-
time do hold in the CRT and therefore the notion of the
energy-momentum tensor of gravitational field can be introduced.
The fallibility of these statements is seen just from the fact
that the GRT field equations basically do not contain the
background Hlnkowskl space-time and, hence, any ten-parametric
motion group of space-time is out of the question. Therefore the
energy-momentum and angular momentum conservation laws for matter
and gravitational field altogether cannot exist In the GRT and the
notion of the energy-momentum tensor for gravitational field
cannot be introduced either. All of It is already patent and has
been expounded fairly minutely In our monograph [23 wherein one
can find references to the original papers.

In this paper we present a more detailed, as compared with the
previous ones 12], description of the Relatlviatic Theory of
Gravitation (RTG) with a great emphasis to the analysis of the
gauge group.



Postulate I
The Minkowski space, i.e., the pseudo-Euclidean space-time

geometry, is the fundamental space for all physical fields,
Including gravitational one. This postulate is necessary and
sufficient for the energy-momentum and angular momentum
conservation laws for matter and gravitational field taken
altogether to hold true. Putting it in other words, the Mtnkowski
space reflects the dynamic properties of all forms of matter.This
ensures the existence of physics characteristics common for them.
The idea to adopt, the Minkowski metric for constructing the
gravitation theory originated 50 years ago in the papers of Rosen.
It was him who, in addition to the Riemannian metric, introduced
the Mlnkowski one. With the two metrics introduced, this
immediately presented the possibility to construct numerous scalar
densities. However, this made the general form of the Lagrangian
density of a free gravitational field very complicated. During
some subsequent decades Rosen was constructing various theories
using this or that form of the Lagrangian as the fundamental one.
Rosen's approach did not culminate in the construction of a
gravitation theory because he failed to formulate the principle
which would have led to the unique Lagrangian of a free
gravitational field.

Postulate II
Gravitational field is described by a second-rank symmetric ten-

sor &
v
 and is the true physical field possessing the energy-mo-

mentum density. For the generality of our consideration, we will
assume it to have a rest mass m and to possess spin states 2 and 0.

The representations corresponding to spin states 1 and 0* are
excluded from the states of Ф*

4
" by making it obey the condition

D /
4
" = 0, (1)

where В is the covariant derivative with respect to the Minkowski

metric ч*"\ In addition to excluding the nonphysical states, this
equation also introduces the Minkowski metric -f-

v
 into the theory,

allowing one to separate the Inertia forces from the action of
gravitational field. The inertia forces are excluded completely by
the choice of the diagonal metric T^

V
. The Minkowski metric

enables one to introduce the notions of a standard length and time
interval in the absence of gravitational field.



Postulate III
The geometrization principle, whose essence lies In the fact

that the gravitational, field- matter Interaction, In virtue of Its
universal nature, is realized by Joining the- gravitational field
e**

v
 to the Minkowaki metric tensor 7

fiV
 in the matter Lagrangian

density according to the rule

Ф
д
) - Ifc(gT, Ф

д
) ;

(2)

where Ф
д
 are taken to mean matter fields. The term "matter"

means all substance^ forms excluding gravitational field. The Lag-
rangian density I^(g^

v
(x); Ф

ж
(х)) will be termed the geometrized

one. According to the geometrization principle, matter motion
under the action of the gravitational field # " in the Mlnkowski
space with the metric 7**

v
 Is Identical to ita free motion in the

effective Riemannian space with the metric g^
v
. The metric tensor

I*"" of the Minkowaki space and the tensor of the gravitational
field Ф^

у
 of this space are the primary notions whereas the

Riemannian space and its metrics are the secondary ones,
originated due to gravitational field and its action on matter
fields. The effective Riemannian space has, in the literary sense
of the word, the field origin and is due to the presence of the
gravitational field Ф*". The Einstein idea on the Riemannian
geometry of space-time was reflected indirectly in this statement.
Since the metric properties are determined by the tensor g^

v
 in

the presence of gravitational field and by the tensor T*
1V
 in its

absence, the theory should by capable of explaining variation in
body dimensions and clock rate under the action of gravitational
field. The GRT is unable to explain these phenomena as there is no
Mlnkowski metric tensor Inherent in it, therefore there is no
point talking about within the frames of this theory. Since the
effective Riemannian space is produced by the gravitational field
Ф**** acting in the Mlnkowski space, it can be specified, and this
is a very Important point, In one coordinate system. This, In its
turn, means that we will handle only such Riemannian spaces which
can be given in one chart. In our viewpoint, closed Riemannian
spaces are excluded completely because these are not of the field
origin. According to the geometrization principle, the matter



Lagrangian density depends on gravitational field only through the
density of the metric tensor g^". As to the action SsJLd

4
!, it is

a scalar for any Lagpanglan density. Under arbitrary infinitesimal
coordinate variation,

x'
a
 = x

a
 + C

e
(x), (3)

where l
a
{x) is an Infinitesimal shift four-vector, the field

functions g
M
'

v
(i) and Ф

л
(х) vary as follows:

Ф^(х') = Ф
д
(х) + оФ

А
(х) + |

а
(х)1)

а
Ф

л
(х).

Here the expressions

rv rv rv iv

(5)

are Lie variations.

The constant quantities F^;£ satisfy the condition

•5IB;H. т?С:а _ -рВ;а -аСцл.
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Here the structure constants f are equal to

It is easy to get convinced that they satisfy the Jacob! identity,

xa;w , r p a : a fxv;u> _ n /ftv
pf

 i
oe;6 V P ^ ц

and possess the antisymmetry property:

fiv'.P
 =
 _

f
va:p

 ( 9 )

The operators 0 form the Lie algebra, their commutator being

equal to

(Q 5 - 0 0 )(•) = 0 (-);
1 2 2 1 3

(10)



Under coordinate transformation (3) the action variation is zero:

X I£(x' )dV - J I^(x)d4x - 0. (11
n' n

Here the first integral can be written as

J I£(x' )d*x' = X Л£(*' XV е
'

n' n

where a = det(^-). In the 1st order in |
a
(i) the determinant J is

J = 1 + 0
a
!

a
(x). (13)

Taking into account the decomposition

) + |(x) - i — ,

and (13), expression (11) can be presented as

= X

The integration volume П. being arbitrary, we obtain the
Identity

= - ̂  (^(x)^), (15)

where the Lie variation 01^ equals [23

* гявтЬ
 0 ( a

A > - <
16
>

Identity (15) suggests that any geometrized Lagranglan density
^ Ф

д
(х)) varies by a divergence only, provided the field

functions undergo the gauge transformation

^ d); (17a)

(17b)



where

T 4
v v a

/ *
 a

>
v
 (18a)

(18b)

Неге e
a
(i) la an infinitesimal gauge four-vector.

Hence, gauge transformations (18) do not impose any limitations
on the structure of the geometrlzed matter Lagrangian density

The Lagrangian density of the proper gravitational field should
Deconstructed as a quadratic function of first-order derivatives
D

a
g

H
'

v
(s), which will definitely be dependent upon the Minkowskl

metric т*"
1
.

The Minkowskl metric does not vary under gauge transformation
(18a). This allows us to specify uniquely the structure of the
Lagrangian density of the proper gravitational field. Really, if
one demands that this density vary by a divergence only under
gauge transformation (18a),

L •* Ъ + D К",
в в а

then we immediately arrive at the unique Lagrangian density of the
above gravitational field. Our monograph [2] presents a simple
direct technique of constructing this Lagrangian. Here we choose a
simpler technique applied for constructing the Lagrangian of a
free gravitational field. It is easy to get convinced, that the
simplest scalar densities v^g and Rsi^gR, where R is the scalar
curvature of the effective Riemannian space, vary only by a
divergence under gauge transformation (18a):

i^g- T^g - B
v
(s

v
/=g); (19)

R - R - D
v
(s"R).

rv

The scalar density R can be presented as

* - -^
v
«v

G
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v
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а (
Р - <

20)

with the third-rank tensor



or as

with the Ohristoffel symbols

( 2 3 )

Note that In (20) each single group of terms under coordinate
transfomiations behaves as a scalar density. But still, one should
notice that if the dependence on the metric 7*

iv
is cancelled

identically in the complete expression Гог R, It cannot be ex-
cluded from (20) separately In the first or second group of terms.
Since in virtue of (1) the scalar density

7>Jr (24)
also varies only by a divergence under transformation (18a), the
common Lagranglan density of the proper gravitational field with
spin states 2 and 0, becomes

L
e
 = Л, (R + D

v
Q") + *.

2
^g + V H V ^ "

 +
 K^- <

25
>

Here the divergent summand with the vector density Q
v
 was added

with a view to cancel from L the terms with derivatives higher
than the 1st order. This is accomplished by the choice

Q
V - £"^

с
 - №;

a
- (26)

As a result, we obtain a scalar density with respect to any
coordinate transformations:

^ J $ ^ (27)

with the unknown variables A,
1
, \

г
, к

3
, \

л
 to be defined below.

Under gauge transformation (18a) Lagrangian density (27) varies
by a divergence provided the gauge vectors e

a
{x), in virtue of

equations (1), satisfy the condition

g^D^x) = 0.

Making the class of gauge vectors narrower Immediately makes equa-
tions (1) the corollaries of the equations of gravitational field.

One can get convinced of it in what follows, whereof, accor-
ding to the least action principle, we obtain the equation



Og^-'-r 2 *,&.,. + >Ч7,.., = 0. (28)

with the Ricci tensor

v - vjL - y 4
 +
 <><& -

 G
;AO-

Since equation (28) should be reduced to an identity in the
absence of gravitational field, we obtain

(30)

Defining the energy-momentum tensor of gravitational field in the
Hinkowski space as

(31)

where

(32)

and taking into account equation (28) we arrive at another,
equivalent, form of the dynamic equations of the proper
gravitational field:

k^
v
 - 2A.

3
|f

v
 - k^

v
 = t£v. (33)

?or this equation to be satisfied identically In the absence of
gravitational field it is necessary to put

Л.
4
 = -2X

3
. (34)

Since the equality

D ^ = 0 (35)

always holds true for the proper gravitational field, we obtain
from equation (33):

DJjr = 0. (36)

Thus, equations (1) determining the field spin states follow
directly from equations (33). Taking Into account equations (36),
field equations (33) can be written as

8



] £ (37)
to take a much simpler form In the Galilean coordinates:

офН-v _ £4 fflK* „ 1 t l i v , ( 3 8 )

Here the numeric factor -л
д
/А.

1
=т

2
 should naturally be interpreted

as the graviton rest mass squared and the quantity -1 /X^, accor-
ding to the correspondence principle, should be set equal to 16x.
Thus, proceeding from equalities (20) and (34), all the unknom
constants contained in bagrangian density (27) are defined:

*i -" mt -\ - \ = ~
2к
з -

Equations (38) are nonlinear because the gravitational field
Itself is also a source.

The Lagrangian of the proper gravitational field constructed on
the basis of gauge transformation takes in the general case the
form

> . _ , „
 m

2
•11V /пЛ г*и пЛ по \ HI

Its corresponding dynamic equations for the proper gravitational
field can be written aa

£ (41)
or as

^ ^ V ^V^p) =0. (42)

Equations (1) are the corollaries of these equations.
It should be emphasized that equations (41) and (42) are not

invariant with respect to gauge transformations (18a). This means
that the presence of the mass term in the Lagrangian allows us to
determine uniquely the metric tensor of the effective Riemannian
space as well as the energy-momentum tensor of gravitational
field. Prom the viewpoint of the logic of the theory, the graviton
rest mass is very likely to be nonzero.

The total Lagrangian density for matter and gravitational field
is

L = Lg + \&
v, V ' (43)



where Ф. are the matter fields and L is defined by expression
А я

(40).
Proceeding from expression (43), the complete system of

equations for gravitational field will be written as

R
^v _ mf

 (g
nv _ g ^

g
v P

7 a p ) =
 Ж

 (T
M-V _ 1 gKv

T )
.
 {U)

vjf
v
 = 0, (45)

or, in a somewhat different form, as

D
o
^

v
 + m

2
i^

v
 = ^Qкt^

LV
•, (46)

a p

D Г = 0. (47)

The presence of the graviton mass in the Lagrangian density of
gravitational field narrows the class of admissible gauge vectors
e

v
(z) for which the total Lagrangian density of matter and

gravitational field varies by a divergence under transformations
(18). This makes the equations for gravitational field gauge
noninvariant and, hence, gauge arbitrariness (18) is eliminated.
Therefore the metric space-time properties are determined uniquely
by the system of equations (44) and (45) and by the relevant
initial and boundary conditions of the problem.

The density of the energy-momentum tensor of matter and that
of the total energy-momentum tensor for matter and gravitational
field, which enter equations (44) and (46), are defined in the
Minkowski space аз

_ о Л . 4.U.V _ о P L

" 5g" ' 3T

Using the explicit equalities

one can find the following relationship from equation (44):

Whereof it is easily seen that equations (45) are necessary
because they guarantee the fulfilment of the equations of matter

10



motion. Putting It In other words, the equations of matter motion

are contained In gravitational equations (44) and (45) provided

natter Is described by four field variables.

Equations (4^) also contain the well-known cosmologlcal term

but since In the HTG the cosmological constant is expressed

through the graviton mass m exactly, it should clearly be suffici-

ently small because, as it follows from the observational data

available, the graviton mass is limited by the inequality

ro < 10"
6 5
 g.

It should be noted that the cosmological term in (44) manifests

itself only at large distances as attractive forces. Another mass

tenn in the l.h.s. of equation (44) manifests itself mainly at

small distances in the form of repulsive forces. It is Just for

this reason why In the RTG there is no singularity of the matter

density in the collapse phenomena and In the evolution of the

Priedmann homogeneous and isotropic Universe either.

The RTG systems of equations (44) and (45) directly show that

the Minkowski metric enters either system. The choice of the

coordinate systems equivalent from the viewpoint of physics is

completely governed by specifying the Minkowski metric tensor

T*"
1
. Рог example, choosing the Galilean (Cartesian) coordinates we

eliminate the inertia forces completely and study gravitational

and other phenomena In the inertial reference frame. It this, all

the field variables entering equations (44) and (45) are functions

of the Minkowski space-time variables.

Now consider where the basic distinction between the RTG

equations (45) and the known harmonic coordinate conditions of the

GRT lies. The latter are written in any arbitrary coordinates of

the Riemannian space as

.9g^
v

= 0,

where x* are arbitrary coordinates.

The RTG equations (45) take the form of haimonic conditions

only in the Galilean (Cartesian) coordinates of the Minkowski

space. In other, e.g., spherical coordinates they are completely

different from the hannonic conditions. Moreover, equations (45)

are generally covariant whereas the GRT harmonic conditions can

never be such. And even if Pock's solutions to the island-type

11



problems yielded correct results, this can be explained by his ha-

ving used intuitively the Cartesian coordinates when constructing

perturbation theory. Basically, this could have led him

to introducing the tensor gravitational Tleld and to the

construction of the gravitation theory within the frames of the

Special Relativity Theory. However, he abandoned that alternative

because he did not believe in the success of that branch of rese-

arch. In this opinion [6J, those "attempts could have a chance for

a success only if one does not go farther than the second

approximation".

Like the theories of other physical fields, the REG is

constructed within the frames of the Special Relativity Theory

(SRT). According to the SRT, any motion of a point-like test body

always takes place jnside the light causality cone of the Minkow-

ski space. Hence, the noninertlal reference frames realized by

test bodies should also be inside the causality cone of the pseu-

do-Euclidean space-time. This determines the class of possible

noninertlal reference frames. The local equivalence of Inertia and

gravitation, when acting upon a material point, will take place,

If the light cone of the effective RIemannian space does not

escape the light causality cone of the Minkowski space.

Just in this case the gravitational field acting upon a test

body can be excluded locally by changing to an admissible

noninertial reference frame related with this body. If the light

cone of the effective Rienammian space escaped the light causality

cone the Minkowski space this would mean that for such a

"gravitational field" there can be no admissible nonlnertlal

reference frame within which this "field", when acting upon a

material point, could be eliminated locally. Putting it In other

words, the local "equivalence" of Inertia and gravitntlon is

possible only 1Г gravitational field, when acting upon particles,

does not take their world lines beyond the causality cone of the

pseudo-Euclidean space-1 ime.

This condition should be considered as the causality principle

enabling one to select the solutions to equations (44) and (45)

having sense from the viewpoint of physics and corresponding to

gravitational fields. The causality principle does not fulfil

straightforwardly. This Is related to the fact gravitational

field, in virtue of Its "Joining" the Minkowski metric 7
 v
, enters

12



the coefficients of the second-order derivatives In the Held
equations, I.e., varies the Initial space-time geometry. This
salient feature Is Inherent In gravitational field only.
Interaction of all other known physical fields never Involves the
second-order derivatives of the field equations and therefore does
not vary the Initial pseudo-Euclidean space-time geometry.
A.Z.Petrov [3,41 whose work was further developed, by
R.S.Slngatullln [5] pointed to the necessity of Introducing the
causality principle. However, since they Implemented their
approach remaining within the frames of the GRT, their formulation
of the principle could not be of the general nature. Now let us
present the analytic formulation of the causality principle in the
RTG.

Since in the RTG matter motion under the action of
gravitational field in the pseudo-Euclidean space-time is
equivalent to its free motion in the relevant effective Riemannian
space-time, then, on the one hand, for causality - related events
(I.e. the admissible world lines of particles and light in the
effective Riemannian space In the Galilean coordinates of the Min-
kowski space we should have the condition

ds2 = g^dx^dx* 2 0, (50)

and, on the other hand, for such events the condition of a
nonnegative value of the Mlnkowskl space interval should be
satisfied. In the same Galilean coordinates this condition is
written In the form

do2 = (dx°)2 - (dx1)2 - (dx2)2 - (dr3)2 * 0. (51)

Present the velocity vA= dxVdt as v^ve 1, where e 1 is an
arbitrary unity vector in the Euclidean space In the Cartesian
coordinates.

Now find the causality condition [21 from expressions (50) and
(51):

Its covarlant generalization is trivial: for any four-vector
!# lsotropic In the Mlnkowskl space,

= 0, (53)

13



the causality condition

g^ vu^
v < 0 (54)

should be fulfilled. This condition just means that the light cone
of the effective Riemannlan space does not escape the light
causality cone of the pseudo-Euclidean space-time.

From (53) one easily finds that

u - (1, ve K); v = oo
 fc , (55)

oo

where v Is the coordinate velocity, e k is an arbitrary
three-dimensional unity vector such that

(56)

Here x ^ is the metric tensor allowing one to determine the
spatial distance squared:

dlz = Xindx 1^- (57)

Hence, only the solutions of equations (44) and (45) satisfying
the causality condition (53)-(54) have sense from the viewpoint of
physics.

The question regarding the existence of the graviton rest mass,
of course, remains open. However, it should be pointed out that
the graviton having a mass, even an Infinitesimal one, leads to
qualitatively new results. For example, during collapse of a
spherical symmetric body of an arbitrary mass the contraction
process In the region close to the Schwarzschild radius turns out
to halt to be replaced by subsequent extension. Hence, the
existence of "black holes" is ruled out completely. But basically,
according to the RIG, there may exist objects having large masses
and possessing an Inner structure. The homogeneous and isotropic
Universe is Infinite and "flat" with its evolution proceeding
cyclewise from the maximal final density to the minimal one and
then again to the maximal one, etc. Our theory predicts the
existence of a large "hidden" mass of matter In the Universe. It

14



explains all gravitational experiments known In the Solar system
and allows one, as we have seen before, to Introduce the notion of
energy-momentum tensor for gravitational field as well as for
other physical fields. Proceeding from this and the energy-momen-
tum conservation laws for matter and gravitational field taken
altogether, one may show that the Inert lal mass of a body, with
gravitational radiation neglected, Is equal to the active
gravitational mass. The GET is unable to explain this experimental
fact because in this theory the value of lnertial mass depends on
the choice of spatial three-dimensional coordinates and this Is
senseless from the viewpoint of physics.

Now some words about nonuniqueness or, putting It more
precisely, about inaptitude of the GRT to explain radioslgnal
retardation In the field of the Sun. Denote via t the time it
takes a radloslgnal to propagate from the Earth to Mercury and
back and via to the same time In the absence of the gravitational
field of the Sun. Of course, we are unable to switch off any In-
teraction but there is always such a possibility in the theory.
So, taking advantage of It,we can put the following question: how
does this or that field, In our case gravitational one, affect the
variation of a certain physical quantity?

Introduce the quantity At=t-t determining the time of
radloslgnal retardation due to the action of the gravitational
field of the Sun. Can the GRT estimate this quantity? No, It
cannot because its equations do not contain the Mlnkowskl
metric tensor which would enable one to calculate the distance
and, hence, the time of radloslgnal propagation In the absence of
the gravitational field of the Sun. In contrast to the GRT, the
RTG can explain it quite definitely because the Mlnkowski metric
tensor enters the system of equations (44) and (45). Of course, one
can always say that the GRT is not obliged to explain such things.
But from the viewpoint of general theory this answer might seem
strange because In the theory we always have the possibility to
switch on or off this or that interaction.
Since Introduction of the gravlton rest mass Into the theory

removes degeneration In the gauge group, making It tend to zero In
the final results leads in some cases to the conclusions complete-
ly different from those we would arrive at if we put in the basic
equations (44) and (45) the gravlton mass equal to zero. This

15



points to the fact that Introducing Into the theory the mass term
with further making It tend to zero In the final results Is not a
purely technical trick because we arrive at completely different
physical conclusions. Such an approach results In the construction
of the theory with the violated gauge group.

Some physicists assert that the graviton mass should exactly
equal zero otherwise there must be "ghosts" present in the theory.
If this statement had been proved, this would have been an out-
standing theoretical discovery. However, there is no serious proof
available except for some trivial calculations done within the
frames of the first approximation of perturbation theory and
therefore there are no sufficient grounds either to consider the
graviton mass to be exactly equal to zero.

The problem of radiation of gravitational waves is rather
complicated and therefore requires a detailed study.
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