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Показано, что в то время как предсказания релятивистской теории гравитации

(РТГ) для гравитационных эффектов однозначны и согласуются с известными экспери-

ментальными данными, соответствующие предсказания общей теории относительности

(ОТО) неоднозначны. При этом в одних эффектах указанная неоднозначность проявля-

ется в первом порядке по константе гравитационного взаимодействия, а в других -

во втором. Отсутствие в ОТО законов сохранения энергии-импульса и момента коли-

чества движения вещества и гравитационного поля вместе взятых, а также ее неспо-

собность давать однозначно определенные предсказания о гравитационных явлениях с

необходимостью ведут к отказу от ОТО как физической теории.

Abstract

Logunov A.A., Loskutov Yu.M. Relativistic Theory of Gravitation and Nonuni-

queness of the Predictions of General Relativity Theory: IHEP Preprint 86-120.

- Serpukhov, 1986. - p. 23, refs.: 35.

It is shown that while the predictions of relativistic theory of gravita-

tion (RTG) for the gravitational effects are unique and consistent with the

experimental data available, the relevant predictions of general relativity

theory are not unique.Therewith the above nonuniqueness manifests itself in

some effects in the first order in the gravitational interaction constant and

in others in the second one. The absence in GRT of the energy-momentum and

angular momentum conservation laws for the matter and gravitational field

taken together and its inapplicability to give uniquely determined predictions

for the gravitational phenomena compel to reject GRT as a physical theory.

^ ) Институт физики высоких энергий, 1986.



INTRODUCTION

When developing general relativity theory (GRT) Einstein,
as known,proceeded from the principle of equivalence of the
inertial and gravitational forces. He wrote as follows in/*/
'The expounded theory has evoked on the basis of the con-
viction that the proportionality of the inertial and gravi-
tational masses is an exact law of nature which should be
reflected already in the foundations of theoretical physics.
I sought to reflect this conviction in a number of previ-
ous works attempting to reduce the gravitational mass to
the inertial one. This aspiration suggested me an idea that
the gravitational field (homogeneous in an infinitesimal
volume) can, from the viewpoint of physics, be completely
replaced by an accelerated reference frame. This hypothesis
can visually be formulated as follows: an observer sitting
in a closed box has no means whatsoever to ascertain whet-
her the box is at rest in a static gravitational field or
is in a space free of gravitational fields but moving with
.an acceleration produced by the forces exerted to the box
(hypothesis on the equivalence)". Then he went on: 'The
whole theory has evoked on the basis of the assumption that
all the physical processes proceed in the gravitational fi-
eld in the same way as if it were absent but in a properly
accelerated (three-dimensional) coordinate system (hypothe-
sis of the equivalence)". When formulating the equivalence
principle Einstein actually departed from the representati-
on of the gravitational field as that of Faraday-Maxwell
type. This was reflected in the pseudotensor characteris-
tic he introduced for the gravitational field. Hilbert was
the first to pay attention to the ensuring consequence. He
wrote in'2/; "I contend ... that for general relativity
theory, i.e. for the case of the general invariance of the
Hamiltonian function, the equations of energy ... corres-
ponding to those of orthogonal-invariant theories do not
exist at all. I could even mark this point as a characteris-



tic feature of general relativity theory". Unfortunately,
Hilbert's contemporaries have failed to comprehend this
statement of his because neither Einstein nor other physi-
cists have realized the fact that the energy-momentum and
angular momentum conservation laws are basically impossible
in general relativity theory. And when Schro'dinger showed/3/
that all the components of the energy-momentum pseudotensor
of the gravitational field in the exterier of a massive ball
could be made zero with the help of a proper choice of a
three-dimensional coordinate system, Einstein responded to
that with the following words/1/; "As to Schrodanger's rea-
sonings, their cogency consists in the analogy with electro-
dynamics where the strength and energy density of any field
are nonzero. Yet, I am unable to find a reason why this
should be the case with gravitational fields as well. These
fields could be specified without introducing strengths and
energy density" or/!/; "for an infinitesimal region, the
coordinates can always be chosen in such a way that the gra-
vitational field will be absent there". But surprising about
it^is the following point. Depriving the gravitational field
of the notion of energy-momentum density Einstein, on the
other hand, spoke,almost simultaneously, about gravitatio-
nal waves and their radiation.

In 1918, Einstein reverted to the problem of energy-mo-
mentum again (see/4/). Being certain in his reasonings, he
arrived at a conclusion that GRT has conservation laws.
Later this work has often been noted and is being referred
to by various authors even now as the one in which the prob-
lem of energy-momentum is allegedly solved. However, Einste-
in's conclusion as well as that of Klein/5/ is erroneous
for it is based on the operations with the initial quanti-
ty Ja, which, when considered more closely, appears to be
zero (for more detail see/6/). The authors of/4»5/ have
failed to notice that. The "derivations" of conservation
laws obtained in GRT following Einstein, which are quoted
in some articles and books even now (see, for instance/7/),
are beneath criticism because all of them are founded ba-
sically on the actions with the pseudotensor characteristic
of the gravitational field. Owing to that and taking into
account the way the field energy is determined in GRT, any
desired value can be attached to it with the help of conven-
tional transformations of spatial (three-dimensional) coor-
dinates though the choice of a coordinate system must be
free and should not influence physical results. Just this
circumstance (for more detail see/^>9/) unnoticed by the
authors of/*0"13/ renders fallacious their statement that



the unique positive definite value of the mass of the sys-
tem consisting of the matter and gravitational field has
allegedly been obtained by them on the basis of Hamiltoni-
an formalism and also the conclusion/^/ that the problem
of the energy-momentum of the gravitational field has been
solved in GRT.A deeper insight into GRT shows that it is
in principle inconsistent with conservation laws, and a
number of physicists realizing that even regard its depar-
ture from conservation laws as a most significant step for-
ward in the progress of physics. The absence in GRT of the
energy-momentum conservation laws entailing the noninique-
ness of its theoretical predictions for the value of the
inertial mass/*4»15/ comes into a manifest contradiction
with the experimentally confirmed fact of the equality of
the inertial and gravitational masses, while Einstein re-
garded it as the one which should underlie the theory,not
realizing, however,that this fact was not recorded in GRT.

So, a detailed study of GRT leads unavoidably to the
unique conclusion that the energy-momentum and angular mo-
mentum conservation laws are absent in it. At the same
time, there is no single experimental fact available till
now which could directly or indirectly question the correct-
ness of these laws in macro- and microcosm. Moreover, just
these laws being the criteria of the correctness of this
or that theory have often led and are now leading to fun-
damental discoveries. For example, one should recollect
the situation with the discovery of neutrino.

Having no forcible experimental grounds to discard the
conservation laws as the fundamental laws of nature, we
think it more reasonable to sacrifice the basic concepts
of GRT rather than the conservation laws. In our opinion,
only the theory consistent with the conservation laws and
explaining the whole set of gravitational effects and also
the equality of the inertial and gravitational masses, can
be acceptable from the viewpoint of physics. Putting it in
other words, a cardinal step is required, i.e. departure
from GRT as a physical theory and primarily from the identi-
fication of the gravitational field with the metric of the
Riemannian space simultaneously regarding the gravitational
and any other physical field as the objective reality with
all the attributes inherent in physical fields. The theory
should be constructed proceeding from these considerations.
The departure from the basic concepts of GRT allows, at the
level of a postulate, to revert to the notion of the Min-
kowski space as a fundamental one because it is this space



in which the integral energy-momentum and angular momentum
conservation laws of closed systems hold true. At the same
time, the theory is required to be generally covariant and,
consequently, applicable with any choice of a four-dimen-
sional space. Just this approach has been realized in the
relativistic theory of gravitation (RTG) whose essence is
presented below (for more detail see, for example/15-17/)

#

I. BASIC CONCEPTS OF RTG

RTG is based on the following concepts.
1. The Minkowski space (x'

1
) is a fundamental space.

2. In this space, the gravitational field is described
by a symmetric second-rank tensor Ф ̂

v
 and is a true phy-

sical field possessing the energy-momentum density, zero
rest mass and spins 2 and 0.

3. Malter motion due to the gravitational field Ф in
the Minkowski space with the metric yV-

v
 is equivalent to

its motion in the effective Riemannian space with the met-
ric ^

v
 determined, because of the gravitational interac-

tions being universal, by joining the gravitational field
ФР

и
 to the metric tensor yW (the geometr izat ion princip-

le/16-19/) according to the rule

In this case, the metric tensor y^
v
 of the Minkowski space

and the tensor of the gravitational field Ф?" in this

space are the initial notions while the Riemannian space

and its metric gP
v
 are the secondary ones originated due

to the gravitational field and its universal action.

4. The Lagrangian density for the gravitational field

is a quadratic function of covariant, first-order, deriva-

tives D^g^ taken with respect to the metric y^
v
 of the

Minkowski space.

Based on these concepts, the relativistic theory of gra-

vitation is constructed uniquely.

Concept 1 reviving the fundamental nature of the Minkov^

ski space makes it possible to revert to the former relati-

vity principle formulated by Poincare as follows/^/; 'The

laws of physical phenomena will be the same both for an

observer at rest and for the one in the state of uniform

translational motion. Therefore we do not and cannot have

at our disposal any means whatsoever to discern whether

we are at this motion or not". The relativity principle



formulated this way does not exclude the possibility of

using noninertial coordinate systems but just maintains the

equivalence of reference frames belonging to a specific

class. In RTG, this principle has been generalized as fol-

lows: "Whichever physical reference frame we choose, iner-

tia 1 or noninertial, there can always be pointed out an

infinite set of other systems in which all the physical

phenomena, gravitational ones included, proceed in the same

way as in the initial reference frame. Therefore we have

not and cannot have any experimental means available to

discern in which particular reference frame out of this in-

finite set we are".

In accordance with concept 2, extra states with spins

1 and o' should be excluded from the general tensor field

фР
и
 . Since any symmetric second-rank tensor can uniquely

be decomposed (see/
22
'

2
**/) in the Minkowski space over the

irreducible representations corresponding to spin states 2,

1, 0 and 0' the extra states are excluded uniquely as well.

For them to be excluded in Galilean coordinates, the field

should obey the equation/
15
"

17
/.

d^
V
 =0

In covariant representation, equation (2) takes the form

V^=o,
 (2a)

where D is the covariant derivative of the Minkowski space
with respect to the metric yV-

v
.

According to concept 4, the scalar Lagrangian density
for the gravitational field, £ Л У ^ » З ^ ) , meeting the
requirement of the general covariance is determined uniqu-
ely and appears to be/1£>-17,24/

where

The Lagrangian density (3) also satisfies the gauge prin-
ciple*) of overcoordinate transformations and this principle
can therefore be assumed as a basis for the construction of

It should be stressed particularly that, proceeding from the arbitra-
riness of coordinate transformations, the scalar Lagrangian density, quad-
ratic in first-order derivatives, cannot be constructed in GRT.



RTG. In virtue of concept 3 and what was said above, the

total Lagrangian density for the matter and gravitatio-

nal field takes the form

where Ф^ are the matter fields. Together with (2a) this
leads to the following system of basic equally important
equations of RTG for the matter and gravitational field:

\ ^ ^ (5)

Dpf
1
" = 0, (6)

iiv
where t is the density of the symmetric energy-momentum

tensor of the matter and gravitational field in the Min-

kowski spacetime. For the system of equations (5) and (6)

to be closed it is suffice to set just the matter equation

of state. It is expedient to note that if the gauge prin-

ciple of overcoordinate transformations/*
7
»
2<
*/ had been

used as a basis for the construction of RTG and the rest

mass formally been assumed nonzero, though as infinitesi-

mal as possible, it could have been used to obtain uniquely

the generalized Lagrange function leading to the system

of Lagrange equations which would identically transform

into the system of equations (5)
s
 (6) in the zero rest

mass limit. Equations (5), (6) are put down in the simplest

way in Galilean coordinates of the inertial reference frame:

(5a)

^ = 0. (6a)

From (5), (6) there naturally follows the energy-momentum

conservation law for the total system:

D^t* = 0. (7)

Incidentally, all the integrals of motion can be found

from (5a) and (6a) using the properties of the Poincare

group as the equations themselves are covariant under the

transformations of this group.

The basic equations of RTG, (5) and (6), can also be
rut down in the form/15-17/

= 0 . (9)



Here T is the density of the matter energy-momentum tensor
in the effective Riemannian space having, as it follows
from (1), a purely field nature, and

_ V • 4 V " ',<& « л -<& <, <
10
>

acts" as the second-rank curvature tensor of this space.
Since expressions (10), (4) in (8) can be reduced to their
adequate expressions,

(J. vX
 +
V VA V ^ '

 (11)

equations (8) will be equivalent to those of Hilbert-Ein-

stein. Thus, we see that in RTG, apart from the Hilbert-

Einstein equations (8), the generally covariant equations

(9) determining the gravitational field structure should

also be fulfilled. The solutions satisfying (8) but not sa-

tisfying (9) are meaningless from the viewpoint of physics.

It should be stressed particularly that, firstly, all

the field variables of the RTG equations are functions~"of

the spaco-time coordinates in the Minkowski space, as it

is required by concepts 1,2, and, secondly, since the choice

of a coordinate system is determined completely by how the

metric tensor yf-
11
 of the Minkowski space is specified, the

field equations (9) cannot in principle have anything in

common with coordinate conditions. The transition from one

four-dimensional coordinate system in the Minkowski space

to any other can be done by a single-valued transformation

with a nonzero Jacobaan. Note also that the field equations

(9) having the capability of excluding from the spin sta-

tes of the field Ф^" nonphysical states 1 and 0' (see (2a))

have another inherent basic property, x.e. separate all

that relates to the inertial forces from all relating to

the true gravitational field Ф^" . As to be shown in what

follows, just these equations lead to the uniqueness of

the RTG predictions for the gravitational effects.

It should be pointed out that similar conditions, (6a),

have sometimes been applied in GRT as harmonic coordinate

conditions/
25
"

27
^ and as somewhat preferable ones.

V.A. Fock/
2 6
»

2 7
/ has paid a special attention to these con-

ditions. From the viewpoint of GRT, one cannot in any way

agree with such a preference of one coordinates to others

and, moreover, with their character made absolute. Fock/
27
/



himself has noted the restrictive nature of such a special

choice of coordinates: 'The above remarks on the priviled-

ged nature of the harmonic coordinate system should on no

account be interpreted as a prohibition to use other coor-

dinate systems. There can be nothing else more alien to our

viewpoint than such an interpretation of it". We went on

as follows; 'The existence of harmonic coordinates, though

being a fact of a paramount theoretical and practical sig-

nificance, does not in the least rule cut a possibility to

use other, nonharmonic, coordinate systems". Nevertheless,

the calculations/
28
»

29
' of the gravitational radio signal

retardation time showed (fee below) that the theoretical

predictions of GRT in harmonic coordinates do not coincide

with those in the Schwarzschild metric. GRT presents dif-

ferent predictions in the above metric also for the period

of a satellite revolution around a static spherically sym-

metric body/
30
/ as, for example, for all other gravitatio-

nal effects (see Section 3 of this paper).

2. ANALYSIS OF GRAVITATIONAL EFFECTS

To conceive the importance of the field equations of

RTG, eqs. (9), first consider the basic gravitational cha-

racteristics and effects using only equations (8). Their

being adequate to the Hilbert-Einstein equations, this

approach simultaneously allows to draw specific conclusions

regarding GRT. The analysis will be carried out using a

static spherically symmetric problem as an example.

1. The general solution of equations (8) for the exte-

rior of a static spherically symmetric body of the mass M;

the nonuniqueness of the Riemannian space metric. Assuming

(with the agreed arithmetization of the space) x°st,x^=r,

x^ = в ,х^=ф to be space-time coordinates, which in equati-

ons (8) will be conventional coordinates of the Minkowski

space, the metric coefficients for the given problem, g/iu,

determining the invariant interval ds
2
=g»

1/
dx/

x
dx

|/
 could be

sought for in the general form:

ds
2
= B(r)dt

2
- 2N(r)dtdr-A(r)dr

2
-C(r)(d(9

2
+sin

2
(9d<

?
i,

2
) (12)

The solutions to equations (8) are

Vc(r) 4C(r)

8



where C'(r)= —-—-, with C(r) and N(r) remaining arbitrary,
dr

So, the metric of the Riemannian space appears to be un-

determined. The requirement of correspondence with the

Newtonian potential for r » M will only lead to the const-

raint on the functional behaviour of C(r) in this region,

for example,

C(r)| — r
2
[l+f(r)]

2
, f(r)| - 0 . (14)

Г»М Г -юо

In other respects, C(r) as well as N(r) will remain arbit-

rary. This ambiguity is eliminated in GRT by imposing any

coordinate, deliberately noncovariant, conditions on the

solutions obtained for the metric coefficients. However,

formulation of these conditions is far from being harm-

less procedure. Their choice (in the specified coordinate

system with the established arithmetization of the space)

influences essentially the functional structure of the met-

ric coefficients (see (13)) and their functional dependence

on GM in particular. As a result, the GRT predictions for

the gravitational effects do not coincide in different met-

rics obtained. And as no coordinate conditions are and can

be privileged in GRT as compared with others, its predic-

tions cannot be unique in principle and will be entirely

dependent on the particular nature of the chosen conditions.

The situation is different in RTG because the gravitational

field being governed by the generally covariant equations(9)

yields uniquely in the inertial reference frame

N(r)=0, C(r)=(r+M)
2
, (15)

i.e.

r-M
 r +

M
B(r)= — , A(r)= — - , (16)

r+M r-M

and the metric of the effective Riemannian spacetime proves

to be determined completely.

2. The curvature tensor R
 va
 g , the undeterminancy of

the Riemannian space geometry. Putting the solutions of

equations (8) into the expression for the Riemannian-Chris-

toffel tensor



N(r) . ч

dr=dt dr, p = VC(r), в=6, ф=ф. (20)
B(r)

Then

where

Л P[(%3n0&2]> (19a)
da d«r da

=1 - f, A(p)=(l- 2?)
1
. (21)

Assuming 0 = - to be the plane for the motion of a test

particle we obtain the equations

g-CB-JI) = o,
da da
d
 ~ dp d£

da dff

Putting d»"/dor =B-1 we get the following first integrals of
motion:

P 6.Ф
( ^ ) е ± (22)

x
dp g 1
(—)+ = - £ = const . (23)

B2(p) dr p2 g-(p)
If a test particle is massless, E in (23) is equated to
zero. In the initial variables of the Minkowski space t,r,
в, ф these integrals of motion (for 6=^/2) have the form

Сф

=t= const, (22a)

B-Nr

Ar
2
 4CN

2
"' f

2
 1

(1 -)+ = - e = const, (23a)

(B-Nf) с
2
 С В

where ф*д.ф/№, ralr/dt. In the case of RTG, the expressi-

ons (15), (16) should be accepted for B(r), N(r), A(r) and

C(r).

11



4. Three-dimensional spatial intervals on the geodesic
line and their uncertainty. Using the expression for an
infinitesimal three-dimensional interval in the Riemannian
space

d £ 2 = (fok£on _ g t o ) d xk d xn j к ) П = 1 > 2
, 3 , (24)

g
oo

we will find the finite distance between points 1(г
1#
 в

Ф
л
) and 2(r , в

п
, ф

п
) belonging to some geodesic. Assuming

1 ^ 2 2
в - я-/2 to be the plane to which the geodesic belongs we
obtain from (24) in the variables p, ф%

d€2= X(p)dp2+ р
2
йф

2
.

Together with (22), (23) this yields at е=Ю:

I ^
1

 2[1-

P

where p = VC(r ),' r is the point on the geodesic nearest

to the central gravitational source (pericentre). In the

first order in G, the distances between points 1, 2 and

the pericentre will be determined by the integral

*1,2
=
 /'

po

whereof we obtain

1,2 = P l ,2~ P o + M П р~ + Рл + P

The distance £ between points 1 and 2 will be expressed,
correspondingly, by either the sum of I and £„ or their
difference depending upon whether they are located on the
same or on the different sides of the pericentre. In the
case of a radial geodesic this distance will be determined
in the same order in G by the expression

t= P2- Ра
+М tn{p

2
/
Pl
) (26)

Expressions (25), .13) suggest that the distance between

the fixed points r. and г„ measured along the geodesic in

12



the gravitational field is found uniquely only in RTG
owing to equations (9). In this case, making G vanish, i.e
eliminating the gravitational field, we go over in a natu-
ral way to the geometric distance in the Minkowski space;
this, in its turn, makes it possible to determine the acti-
on of the gravitational field fairly accurately. But in
GRT the distance between the fixed points r^ and r,, due
to the coordinate conditions being arbitrary, appears to
be unfixed and therefore, depending upon a choice of the
function C(r), we will have different physical results.

5. The force acting on a particle at rest. The force

acting on a test particle of mass m at rest in the gravi-

tational field is usually determined at point r by the exp-

ression

dx° 2 2mM

) • (27)

With C(r) being arbitrary, as it is the case in GRT, the

value of this force measured, by the way, experimentally

is also arbitrary. For instance, in the simplest case of

a single-parameter solution' ',

N(r)=O, C(r)=[r+(A+1)M]
2
, (28)

we obtain „

r
 raM

F
r
(\)= , (27a)

[г+(Л+1)МГ

where A'is a free parameter (in RTG A=0).

6. The shift of the trajectory pericentre and nonuniqu-

eness. Using (22), (23) we arrive at the following equati-

on determining the trajectory of a test particle in the

field of the central source^
33
/:

_
 u

2
+2Mu

3
, u=l/p. (29)

£2

The solution of this equation may be sought for in the
form

u=(l+e cos V^)/p, Ф = 0($.

To determine the focal parameter p, eccentricity e and

function ф (ф) we obtain, by virtue of (29), the equations

1-Е l+e
2
 2EM 2M

7?"
13



. ,, 6M 2M ,
ip

 г
=1- — - — e cos Ф.

P P

Whereof we find (to an accuracy of the values of the order
of G

2
)
ф(ф)=ф (ф + |sin ф)-

2
P
 9 2

9M e
 4

 2 e

- —д[(1
+
 — ) ^

 +
 ~

e
 sin0- -e0cos 0- —sin2oS]

2p
 6 3 3

 36

As to p and e, it is more reasonable to express them thro-
ugh p and p corresponding to the apogee and perigee:

Exnression (30), with allowance for the equality ф(2п+ &.ф) =
=277, yields for the pericentre shift:

6тгМ
г
 ем

 e

2
 ,

Л0 = [1 + —(1 + — )]• (31)
P 2" 18

Here p and e should be replaced by their expressions through

P = Vc(r )' and P~= VC(r.). After this replacement it will

become clear that in the second order in G the pericentre
shift, in virtue of C(r) being arbitrary, is arbitrary as
well. For example, for the single-parametric solution of
(28) we obtain from (31):

(A+DM
 2

 9 M e
o

{1 (1+eV —(1+ -)i ,
°
 2 8

As seen, here the nonuniqueness of the GRT prediction for
the pericentre shift enters the terms of the second order
in G. In RTG, the pericentre shift becomes, in virtue of
equation (9), determined uniquely and is equal to (31a)
for A =0.

7. Ray deflection and nonuniqueness. In the case of
rays nropagating the way described in' paragraphs 6 we

14



Here p - VC(r )', p^= VC(r ), r and r are the perigee
and apogee points at ф =0 and ф(ф^)=7т, and the last in-
tegral is taken between the limits of г„ at Фп-2п and r
at Ф( ф

 3
 >2*г)=2п. In the given effect, the nonuniqueness

appears in the first order in G in t»o metric coefficients,
C(r) and N(r). Without the field equations (9), the satel-
lite orbital period will be totally dependent on a speci-
fic choice of the functions C(r) and N(r). For instance,
in metric (28)

( r
1 +
r

o
)

3 / 2
 r

 +
r
o
 fr-

{1+ [3(Л+1)+6(1 V—)]!'
г

|1+

V S T
 r

l
+ r
o 2г

г
 'l

In RTG (see ), the result is unique and obtained from
here at Л=0. The difference AT in the orbital periods
Т(Л=О) and Т(Л'=-1) corresponding to the harmonic and Sch-
warzschild metrics will be

A T=

For a low orbit satellite of the Earth this difference is
about 5,w.sec.

By the way, if the functions B(r), A(r) and C(r) from
the integral determining in RTG the orbital motion period
T are expanded into a series in G by introducing into it,
for the sake of generality of the consideration, parame-
ters у and j8/32/

j

, 2M
 n

2M
2

l - — +/S—,

then instead of T(A) we would obtain at A=0:

M
[
y
 +2/3 +2(2+2y- /S

r
l

+ r
o

The measurement of this value and knowledge of that of у
from other experiments would permit to establish experi-
mentally the value of /3.

16



10. Test body velocity in the perigee and nonunique-

u
s
i

n
g the first integrals cf motion we find

2Mr
2

 9 M

о О «M
v
= -̂

 [1
" -П-^Ь

1/2
where a = p/p = [C(r

o
)/C(r

1
)] , i.e. the nonuniqueness

of the value of v without equation (9) used manifests it-

self again. For metric (28)

о PM M 2N.

у

г
(\) = —ffL [l-2(A+D (K+l)-r -
° '-• ^

 r
l

+ r
o

 Г
о

) —
 о

r
o

In RTG, the satellite velocity in the perigee, v , with

parameters У and /3 introduced into the expansion of B(r),

A(r) and C(r), has the form
/ 3 2 /

*
 2 M

 м
 2 M

r

v = — }1 II a v P
Г
 °

 1 + a
o

 2

2 M

r i 4. 1 + V a o . tt

1+a6- — I I - a + v + P
Г
о °

 1+a
o

 2
)r

 Г
о °

 1 + a
o

о' о

If the experiment made it possible to determine the satel-

lite velocity in the perigee to an accuracy sufficient for

singling out the gravitational effects, the value of f}

could be found from here as well.

/34/
11. The Shirokov effect and nonuniqueness. As known ,

the Shirokov effect consists in oscillations of a test

particle developing during its slight deflection from the

initial (circular; orbit . The frequencies of developing

radial and azimuthal oscillations are within reach of ex-

perimental measurements therefore this effect merits con-

sideration. Using the equations of deviation or (29),(30)

we easily obtain the following expressions for the periods

of radial (T
r
) and azimuthal (T^) oscillations in the first

order in G:

where p
Q
= Vc(r

o
)', I2 = (M/p )* , r

Q
 is the circular orbit

radius. Whereof it follows for metric (28):

,,
 0
. ^
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The nonuniqueness appearing here tells itself already on

the corrections of the first order in G.

12. Gravitational retardation of a radio signal and

nonuniqueness/
28
>
 2 9
>
 3 2
/. The time for signal t^i to propa-

gate from point l(r-j, ф^) to point 2(r
2
, ф,,) can be calcula-

ted using (22), (23) and then going over to the variables

t, г, ф. Confining ourselves to the first order in G we

finally obtain (for ф
2
- ф^ > тт/2) :

/VVl/2 /l"Po -1/2

l
)
2 , O i , 2 , O

)
' ' (35)

where r is the point of the maximum convergence of the

radio signal with the central source of the gravitational

field. As seen, the propagation time proved to be connec-

ted with two arbitrary functions, C(r) and B(r), this ar-

bitrariness appearing in the first order in G again. Fpr

a signal propagating from point 1 to point 2 and back the

dependence of t
12
-, on N(r) vanishes. In the case of met-

ric (28)

Л2 j /2 -
 r
2 + (36)

°
r l " ^ Г 1 " r o r 2 + r o

The RTG r e s u l t follows from here fro Л = 0. For r « r - .» r

2

t h i s yieds
r + r + R

t 2 1 ( A ) = R + 2M£n + 2AM, (37)
r 2 + r 2 - R

where R is the (slant) distance between points 1 and 2,i.e.
the distance in the Minkowski space. If in RTG the parame-
ters у and yS were introduced into the expansions of /3(r),

A(r) and C(r), then
r + r

2
 + R

t
o
A\ = 0) = R + (1 + y)Mln

r
a
 , r

2
 - R
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and the time of the true gravitational retardation would

be determined by the only logarithmic term (without an ad-

ditional one, as it is the case in (37) for Л £ 0).
Note another important point related to the measurement

of the radio signal propagation time just outlining the
procedure of comparing the experimental data for t 2 1 (or
t12i) with the theoretical ones, its idea can be reduced
to the following. Since experimenters have a possibility
to determine the orbital periods of test bodies (for examp-
le, of the Earth and Mercury around the Sun) along the tra-
jectories crossing points 1, 2 and the total time t (or
t-g-i) o f radio signal propagation, then in order to compare
the theoretical results with experimental data the spatial
variables rj 2 in the formula used to calculate the radio
signal propagation time (for r Q « r ) are replaced by
their expressions through the relevant orbital periods also
calculated theoretically. It is easy to make sure that as
a result of such a replacement the nonuniquenesses appea-
ring in t2i and T (for N=0) are in this case compensated
for and the total time t2i is connected with the times T-
and T uniquely. However, this in no way proves the unique-
ness of theoretical predictions because in GRT a theoreti-
cian has at his disposal only the Hilbert-Einstein equa-
tions in the initial coordinate system (with the agreed
arithmetization of the space) and the coordinate conditions
imposed, though nonuniquely, on the metric coefficients.
And only the frames of experimental feasibilities dictate
a necessity, though after the calculations are performed,
to express in the obtained (initial) results one quantities
through others calculated similarly. Naturally, as a result
of this operation the initial nonuniquenesses may, as it
has been above, be compensated for. But it helps, if it
does, only compensate them for rather than eliminate them
radically from the theoretical predictions obtained on the
basis of the initial theoretical preconditions only. Of
course, a similar replacement procedure is quite admissible
also in RTG. But RTG has another basic advantage inherent
in it, i.e. assuming in the obtained results the constant
G to be zero we will always get the quantities belonging
to the Minkowski space and subtracting them from these re-
sults we will obtain the unique predictions for the gravi-
tational effects (appearing only due to the gravitational
field action).

To conclude let us consider one gedanken experiment
clearly demonstrating the nonuniquenesses of the GRT pre-
dictions.
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Let in the initial reference frame two test bodies se-

parated at some distance be fixed at points A and В and at

point 0, very close to the line AB but approximately equi-

distant from A and B, there is a "needle" on which a mas-

sive (small-sized) body M can be fitted. Let us carry out

two experiments using this "setup". First, swinging the

body M away from the "setup" to a distance much longer than

AB (to infinity), determine the time t
o
 for a light signal

to travel from A to В and back. Then, after returning the

body and "fitting" it on the "needle", repeat the measure-

ments. In the presence of the body M the quantity to will

be replaced by t and their difference will just yield

the gravitational retardation time, At = t - t . If in the

latter case the propagation time t is calculated using,for

example, the harmonic or Schwarzschild solutions (the

"needle" position should in both cases correspond to the

value r=0), and then«t
o
 is subtracted from the obtained re-

sult, the retardation times will be different for these so-

lutions, i.e. at least one of the predictions will not coin-

cide with that of the experiment. So, as the saying goes,

no explanation is needed.

CONCLUSION

Using various examples to study the gravitational effects
we have shown above that under the same physical conditions
every problem has many solutions of the Hilbert-Einstein equa
tions, each yielding its own predictions for the effects.
GRT cannot answer the question concerning which of the so-
lutions should be accepted because the coordinate conditions
typically applied in this theory are totally arbitrary and
their choice is completely dependent, in the full sense cf
the word, on the researcher's "taste". All of it unavoidably
leads to the conclusion on the intrinsic incapability of
GRT to give unique predictions for the gravitational effects.

What is the basic reason for such a nonuniqueness? It is,
as we see it, as follows.

As known,the Riemannian geometry should be determined in
some coordinate system (with the agreed arithmetization of
the space) by specifying ten components of the metric tensor
at every point of spacetime.In this case a choice of the co-
ordinate system should be absolutely arbitrary and the tran-
sition from some coordinates to others is done by a tensor
transformation. The ten Hilbert-Einstein equations contain
fourteen unknown independent quantities therefore,generally
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speaking, their solution will be satisfied with four metric
coefficients arbitrary. Putting it in other words, in this
coordinate system (with the specified arithmetization of
the space) the Hilbert-Einstein equations alone cannot de-
termine the Riemannian geometry (see also (13), (18)). To
determine the unknown metric coefficients in this coordina-
te system the so-called coordinate conditions are introdu-
ced in GRT by making the metric coefficients obey four ad-
ditional, basically noncovariant equations. In this case
no constraints are imposed on a choice of the coordinate
conditions in GRT. The Hilbert-Einstein equations alongside
with the chosen conditions allow to determine in the speci-
fied coordinate system the metric tensor of the effective
Riemannian spacetime and to calculate the corresponding gra-
vitational effects. But, as it is simultaneously regarded
in GRT, the results of theoretical predictions for the gra-
vitational effects will be independent of a choice of the
coordinate conditions. However, it is a profound delusion.
The functional structure of the metric coefficients and
their functional connection with GM in particular are hea-
vily dependent on a choice of the coordinate conditions.
Consequently, in the specified coordinate system (with the
agreed arithmetization of the space) different metric ten-
sors of the Riemannian spacetime will correspond to diffe-
rent coordinate conditions. Now, if one recollects the theo-
rem of A.Z. Petrov (see the proof in' 3 5'), which says that
with the known equations for all the timelike and isotropic
geodesic lines in any coordinate system, the metric tensor
of spacetime is determined in it to an accuracy of a cons-
tant factor (i.e. from the viewpoint of physics, studying
the propagation of light and motion of test bodies one can,
in principle, establish experimentally the geometry of space-
time, and then, according to this theorem, different ten-
sors of the Riemannian geometry should lead in the specified
coordinate system to different predictions for propagation
of light and motion of bodies. As to GRT, different metric
tensors (in the specified coordinate system, i.e. with the
given arithmetization of the space) correspond to different
coordinate conditions and no limitations are imposed on
other choice, therefore, in virtue of what has been said
above, no matter what the "experts" of GRT would say on this
account, one may content that this theory is unable, in prin-
ciple, to give definite predictions for the gravitational
effects. This is its another basic shortcoming..
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In RGT, the system of generally covariant equations is
a complete one. This theory revives the notion of the Min-
kowski space as a fundamental one and that of the gravita-
tional field in it as the physical field in the spirit of
Faraday-Maxwell. All of it allows to arrive at a conclusion
that in this theory the energy-momentum and angular momen-
tum conservation laws for the matter and gravitational
fields are fulfilled rigorously and that its predictions
for the gravitational effects are unique.
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