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Abstract: In the paper [1] we presented the concept of tHecdfe mass tensor (EMT) in
General Relativity. In this paper we consider tlomaept of the EMT but in the aspect of the
gravitational waves.
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|. Introduction

In the Einstein’'s General Relativity (GR), gravitatal waves are fluctuations of the gravitational
fields (or the ripples in the curvature of the sptime) which are propagate as a wave and they are
generated mainly by moving massive bodies. A. Einspredicted these waves in 1916 as a conse-
guence of the GR. According to him the gravitatiomaves should theoretically transport energy as a
gravitational radiation. Sources of detectable ig@aonal waves could possibly include binary star
systems composed of white dwarfs, neutron staloack holes [2].

Although gravitational radiation has not betrectly detected, there isdirect evidence for its exist-
ence. For example, the 1993 Nobel Prize in PhySickl. Taylor and R. A. Hulse) was awarded for
measurements of tHeSR B1913+1Galso known a$PSR J1915+160&nd PSR 1913+16and the
Hulse -Taylor pulsar) systemhich suggests gravitational waves are more thatheraatical anoma-
lies [3, 4]. Though many various gravitational waveed&trs exist (a some examples of the gravita-
tional wave detectors — see the Table I) thelrstihain not discovers.

In the Section Il we will present the gravitatiomaves in the GR, in the Section IIl — the cona#pt
the effective mass density tenBMDT) and the gravitational waves. In the Sectidrwe will com-
pare a few the physical features concerning ofsghece-time curvature with the conception of the
EMDT. Our conclusions we will present in the Sectia

Il. The gravitational wavesin the GR

As we know the Einstein’s field equation has tharfo

1 871G
R,uv _Egva:?Tyv (1)



where: RW is the Ricci curvature tensoR is the Ricci scalargW is the metric tensoi; is New-

ton’s gravitational constant,is the speed of light in the vacuum, ahg is the stress-energy tensor.

Our considerations we will realize in the weak lodé gravitational field, which allows us to decom-
pose the metric tens@,, into the flat Minkowski metric plus a small pettation hw :

g,uv :,7;”/ + huv (2)

where: ‘hﬂv

<<1. We will restrict ourselves to coordinates in Whiqw takes its canonical form,

n,, =diag(-1, +1, +1, +1). Well-known calculation ¢s® [5]) give the wave equation
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where:h, =h,, —5/7/” [ and the gauge condltlozhﬂhﬁl =0. The tensorr ,, describes the distri-
bution of the matter, which disturbs the gravitasibfield [5]. In the vacuum the eq. (3) has therfo
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Equations (3 and 4) we can interprettlas metric perturbations — the fluctuations of Hpace-time

curvature produced by disturbing the metric tengp,l; — propagate at the speed c as a wave in the
free spaceThe tensor wave eq. (4) has the solution withfohe

ha = A, eHze) (5)

which represents a monochromatic wave of the spamegeometry propagating along the direc-
tion with speed and frequenckc.

I11. The concept of the EM T and the gravitational waves

Let's assume that in the gravitational field
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where: p,, is the effective mass density ten¢gMDT), pis the bare mass densityhe metric we
can express by

ds*(g,,)=ds (o, ) Y

where:dsz(gw)= g,,dx“dx’ andds’ (pw) = '0,;"’ dx“dx” [1].



In the weak gravitational field we can decomposdahaf EMDT of the body to the simple form:
bare bare _

Puw =P +,0;V, where: p,0° = plfy,, =diagtp,+p,+p,+p) we will call the bare mass densi-

uv

ty tensorr,, is the Minkowski tensor,o;w :p[lhw

<<1is a small EMDT “perturbation” . Note

that in the absence of the gravitational field EBMDT p,,, becomeshe bare mass density tensord

bare
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The wave equation (eqg. 3) has now the form
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Where:,;;,v = ,O;V —%p [#,, and the gauge conditicx'rhﬂ,zg =0. In the vacuum the eq. (10) has the

form:
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Equations (10) and (11) we can interprettessmall perturbation of the effective mass dgtngii’i,
Yo,
which propagates with the speed ¢ as a wahe. tensor wave ed. (11) has the solution withfdha

Puw _ Aﬂve[ik(z—ct)] (12)
yo

which representa monochromatievave in the effective mass dengitgpagating along thez direc-
tion with speed and frequenckc.

In the GR the gravitational waves are the ripptethe curvature of the space-time that propagate as
wave. The concept of the EMDT predict that the ational waves ar@erturbation in the effective
mass densityhat propagate as a wave. And although in botbscHee gravitational waves are propa-
gated with the speed of light,thie way of their detecting should be different. (see to Table 1).

V. The space-time curvatur e vs. the effective mass density tensor
Let's compare a few physical features concerninthefspace-time curvature with the physical fea-

tures of the EMDT discussed in this paper. Theltesaf this comparison are presented in Table |
below.

Table. |. The space-time curvature vs. the effective mass density tensor.

The space-time curvature The effective mass density tensor
The metric tensor The effective mass density tensor
gyv pyv = IO [ g,uv




The weak field approximation
g,uv :,7;11/ + h,uv

The weakness of the gravitational field is ¢
pressed as ability to decompose the metric te
into the flat Minkowski metric tensor plus a sm

“perturbation” tensor hW <<1.

The weak field approximation

bare

P =P, +h,, )= 052+ 0,

eX-he weakness of the gravitational field is ¢
npegssed as ability to decompose the EMDTh®
abare mass density tensplus a small “perturba

tion” of the EMDTtensor o, = pllh,, | <<1.
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The gravitational waves in the weak field
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The gravitational waves in the weak field
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The solution
The tensor wave eq. (4) has the solution with
form hu = A, ™=l which represents a mo

ochromatic wave of space-time geometry prg
gating along thetz direction with speed and
frequencykc.

The solution
thbe tensor wave eq. (11) has the solution with
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monochromatic wave of the effective mass de

ty propagating along thez direction with speed
and frequenc¥c.
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The physical interpretation of the wave equatio

The gravitational waves are ripples in the cur
ture of the space-time that propagate as a V
with the speed as a wave.

nThe physical interpretation of the wave equatio

vahe perturbation in the effective mass den
v

—#  which propagates through the space-t

with the speed as a wave.
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What we measure in the detector?

Contemporary detector can measure the din
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sionless amplitudd . :T' which is generate

by the gravitational waves.

What should we measure in the detector?

n@esigned detector should measure the dimeng
.Y
jless amplltudep—” =i, which is generate
P Y

by the gravitational waves.
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Some examples of the gravitational wave de
tors:

1. Ground basedSEO 600QLIGO, Virgo [6].

2. Space-based:ISA[7].

3. Pulsar Timing Arrays [8].

tddre gravitational wave detector

?

The results of search

Though many various gravitational wave det
tors exist the gravitational waves still remain
discover.

The results of search

e@Vaiting for discovery.
not




V. Conclusion

In the GR the gravitational waves are the ripptethe curvature of the space-time that propagage as
wave. The concept of the EMDT predict that the gaiional waves aréhe perturbation in the effec-
tive mass densitthat propagate as a wave.

And although in both cases the gravitational waarespropagated with the speed of light, it the way
of their detecting should be different, what opere& ways to searches of the gravitational waves.
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