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The Einstein field equations are not independent since they satisfy the
Bianchy identities and the integration of the equations consists of two sepa-
rate problems. First, the solution of constraint equations for initial data.
Secondly, the problem of time-development or evolution. The initial-value
problem has been discussed in a great number of papers, including the
survey by Y. Choquet-Bruhat and J. York [*]. Rigorous results have been
achieved both in the study of compact cases and the systems in asympto-
tically flat space-time that are not losing energy via radiation.

In order to have an insight into the problem of radiative fields in
asymptotically flat space-time we propose to consider the linearized
Einstein equations with the sources in the form of electromagnetic
radiation. The asymptotic behaviour that characterizes the energy-
momentum tensor of the electromagnetic field * T» v is also characte-
ristic of the nonlinear terms representing gravitational radiation.

In this paper we show that the linearized initial-value equations can
be presented in the form of the second pair of the Maxwell equations,
whereas the role of current Ta is played by the T oa components of the
matter tensor. Then we demonstrate that by the application of the Hil-
bert coordinate conditions (harmonic coordinate conditions in linearized
form), we get the full system of the Maxwell equations in the Lorentz
gauge. This approach can also be used for having a thorough insight
into the physical content of constraint equations.

The exact Einstein equations can be put down in the following
form [!2 ]:

£VVG]
,ff V= 16jtyOVv

.

The linearized form of these equations is
S[w>H™l >pa =l6jtY7Yv

, (1)
s[(xp] [va] =Т ||гЛурсг_|_ Г|Р(l,уМЛ’ _ yjPtfyPV (2)

ypv=gpv у|М^
where у is the gravitational constant, is the density of a metric
tensor and q^v is the Minkowski metric tensor; T^v is the flat space-time
value of and Slwl N i(J is the linearized form of Uv^a\ The indices

* Greek indices take the value 0,1, 2,3; Latin indices —1, 2,3; x° denotes the
time coordinate.
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in square brackets denote antisymmetrization. By the insertion of the
definition formulae (2) into the equation (1), we get the well-known
form of the linearized Einstein equations.

Let us define
Epp= SIM [ os]

(
&/4, (3)

(4)
By the insertion of v= 0 and the quantities (3) and (4) in the equations
(1), we get the second pair of the Maxwell equations

Epp )P=— (5)
From the definitions (2) and (3) it follows that

Fmo= ( YmS(S _Y00 m )/4> (6)
fmr— (yO™ r y or,m) /4 = —Y°l?n ’r] /2. • (7)

Note that the indices after the comma are raised by the Minkowski
metric. Define

Лр= (y00
, yo£ )/4. (8)

In the Hilbert gauge yP' cr ,a=o, yms , s=—утo,о, /Гпг0 =уo[o,тl/2, and we have
Ерр = 2Л(р-рl. (9)

Thus, the first pair of the Maxwell equations is the trivial consequence
of the form (9) of the field tensor. The Lorentz condition follows from
the definition formula (8) and the Hilbert condition y°%=o.

Let us reproduce our results in three-dimensional form and underline
the differences between the Maxwell and the Einstein theories. The
«energy constraint» is

div£=4;rtQ, (10)
Em =FmO'
Em

— {y°o' m-\-yms
iS )jA. (11)

In the Hilbert gauge ytos.s™=Y00 .00, divE'==Dy 00/4, and we have
Пу°°/4=4щ. (10a)

Now we have reached the most important point in our discussion.
No kind of the known electric charges moves with the velocity of light.
However, there do exist gravitational charges that move with the velocity
of light, e. g. the energy (matter) of the zero rest mass-fields. For
the large values of the radial coordinate in case of the bounded sources
of the zero rest mass-fields, their energy density has the asymptotic
form Q =a{t —r, -0, cp)/r2 . In harmonic coordinates this form of q gives
rise to unsatisfactory \nr/r asymptotic behaviour of yOO - ft is likely that
an examination of the complete analogy with the electromagnetic case
is not the best way to study the problems of gravitational radiation
and harmonic coordinates are not the best coordinates in the treatment
of the wave-zone problems.

The three-dimensional form of the «momentum constraints» is

voi Н=~+4пЪ, ' (12)

where Нг=ешРм and еш is the completely antisymmetric tensor. In
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contradistinction to the electromagnetic case, the equation (12) contains
only the first time-derivatives of the gravitational field potentials, since
the expression (11) in an unspecified gauge does not contain any
time-derivatives.

It is easy to verify that the Maxwell equation

div#=o (13)
is a trivial consequence of equality (7).

Assuming that the Hilbert condition уг^!(Я =o is satisfied and con-
sidering the curl of this condition, we get

eirk (y rß .Bfe+Yro.oft) =O.

By the insertion of definitions (6) and (7), we get

rot£ =—аГ ‘ (14)

Thus, we have proved that the energy and momentum constraints
can be put down in the form of the second pair of the Maxwell equations,
while equation (14) is the consequence of the coordinate condition
Y^ jM,=o. We are of the opinion that this condition should not be used
in the wave zone. *
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