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Abstract

The existence of negative pressure of vacuum follows from the cosmological models, based on
the results of observations. But, is it possible to detect the pressure of the vacuum as per the
geometry of the space around the local gravity system? The gravitational defect of mass is
interpreted as the transfer of energy to the vacuum, which becomes apparent from its
deformation. We determine the gravitational impact of matter on the vacuum and opposite in the
sign pressure of it in case of weakly gravitating static centrally symmetric distribution of matter.
We have evaluated a possibility to extend the obtained results to arbitrary gravitational systems.
The equation of state gives the deceleration parameter of the universe consistent with its
accelerating expansion.
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1. Introduction

The non-zero vacuum pressure is an element of cosmological models [1-3], resulting from the
solution of Einstein’s equations. He proposed that curvature of space-time is responsible for
gravity. The gravitational mass of bodies placed in confined volume, is less than the sum of the
gravitational masses of these bodies, dispersed over infinite distance. The matter, located more
compactly, distorts the space in the local domain in a greater degree, however, creating smaller
gravitational mass in comparison with the same amount of matter, distributed over a greater
volume [1, 2]. This phenomenon is explained by transfer of energy into the gravitational field,
which results in the deformation of vacuum. Accumulation of energy during deformation
demonstrates its elasticity. We will take these properties of gravity into consideration, while
determining the vacuum pressure.

2. Spherical Source

2.1. Solution of Einstein equations

We analyze a centrally symmetrical static gravitational field (using units with ¢ =87G =1). In
spherical coordinates x' = (t,r,8,¢) it is described by the metric:
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ds? = e’ dt? —e""dr? —r?(d0? +sin?0d¢?), (1)

where - and v,w - are functions of radial coordinate. The centrally symmetric stress-energy
tensor T,' corresponds to the source of gravitation, which creates this type of field. Solution of
Einstein’s equations for a spherical body with a radius of a yields [1] the required functions:

— — 1par: o
V__W_In(l_F.[ole dy}r>a (2

1
W=— In[l—FLTllyzdyj,r <a, (3)

where T is the density of energy and variable y has the dimension of length. For the static
source of gravitation it is equivalent to the density of matter: T,' = p.

In the external area the obtained functions v,w correspond to the Schwarzschild metric, and
therefore the value

M = 47zjoapr2dr (4)
is the gravitational mass of a spherical body with of radius a. Integration is performed here in case
of the element of volume dV, = 4zr*dr, which corresponds to the coordinate frame, whereas in its
proper frame the given element of space volume will be dV, =4zar’"*dr. Since w has a

positive value, it means that the gravitational mass of bodies located in the confined volume is less
than the sum of individual gravitational masses of these bodies. This interprets as the transfer of
energy, as a source of gravitational field, to the vacuum.

2.2. Case of weak gravitation

The volume of spherical body in proper frame is obtained by integration of elements dV, with (2)
and amounts to

a a 1 -1/2
p — 2 W/2 — 2 _ - 2
V.2 (a) —L Anre dr-L47zr [1 Yl ] dr. (5)

For small space curvature inside the sphere, i.e. with pa® <<1, representation of the expression

under the integral into a formal power series turns out to be

2r s

Vi@ = a4 et (6)

Since the density of matter is constant, the mass of body in this frame or the proper mass will be
M?P = pV.F(a) . A proper energy of static source of gravitation is definedas E?P =M P".

int

The gravitational impact on the vacuum is determined as the relation of difference between proper
energies of two spherical bodies with identical gravitational mass to the change of proper volume
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of space. With constant densities p, , p, and radii a,a, , ( & <a, ) this mass is
M = (4/3)rpa’ = (413)xp,a;. The difference of proper masses of two bodies is written as follows:
27 1 1
AMP =M -Mp ="Z3afp?2l == | 7
1 2 =75 a o (a’l azJ (7)
Due to equality of gravitational masses of both bodies, the space distortion in the area r >a,,

created by them, will be identical. Let’s find the difference between the volumes in the proper
frame, which are set in coordinate frame by the condition r <a, . This volume for the first body is

the sum of this body’s own volume and the peripheral area a, <r <a,, namely,

ViP =Viii (@) +Ver (31, a,), (8)
where the second term is given by
V. (a,,8,) = [ *4ar’e"dr. )
3

Breaking the expression under integral into the formal power series, in case of M/r <<1 we
obtain

4
Veu (8y,8,) = gﬂ(ai’ —a/)+27M (a; —a;). (10)

As a result, the volume (8) will amount to
VP = gﬂag +%ﬂplaf(5a; ~3a2) (11)

The area r <a, restricts the second body, whose proper volume for the weak gravitational field
according to (6) is

int

4 2
V,) =V,h(a,) = 3 s + E7r,oza§. (12)

The difference between the proper volumes, confined within the radius a, in coordinate frame,
will be

1
AVP =V" -V = g”plais(azz -ay). (13)

The ratio of change in the energy of the spherical body AE” = AM?" to the change of its volume
for small Aa=a,—a, retaining its gravitational mass taking (7) into consideration yields
AE? 1

=y 3P (14)
Provided that ¢ corresponds to the pressure, this expression coincides with the equation of the
state of photon gas [4]. Positive pressure of gravity field characterizes the gravitational impact of
matter on the vacuum, which lies in its constraint. Accordingly, field pressure upon vacuum is
compensated by pressure of the vacuum:

p,=— (15)
and one may be considered as mean vacuum pressure in case of weak gravitation inside the static
sphere.
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3. Source with Isotropic Pressure

Let us examine an arbitrary space-time, containing a source of gravitation with density p , which
is described by the metric ds® = gijdxidxj . We allocate a small area, in which metrical coefficients

and density can be considered as constant in the first approximation, pressure is isotropic, and
whose boundary is a sphere in the proper frame. The gravity, created by this ball, is described by
metric (1).

The metrical coefficients of the space-time without a source of gravitation in this sphere will be
slightly different from g;;. The transition to a locally inertial system [1] with the beginning in the

point x& is made for the changed metrics using the transformation
' 1 iyi]
x":x"+§(1“ijk)x|_.xx‘ (16)
_)(0

with Christoffel’s symbols l“i;‘ . In this locally flat space we place the absent source of gravitation

in the empty sphere. This one will be comply to conditions under which pressure of gravitational
field was obtained (14). In case of stationary space-time, the proper pressure of vacuum is
determined according to (15) and will be

1

-_1, 17
p==3p (17)

4. Cosmological Parameters

Standard cosmological models propose existence of some positive energy density or dark energy
[5,6], which can be interpreted as energy of vacuum. In. ACDM cosmological model the source
of gravitation is stationary in comoving coordinates, which are locally geodesic system to meet the
required condition. Equation of state (17) corresponds to stationary space-time but expansion of
the universe is accelerating [7], which means — p, > ¢. However, the relative velocity of the
universe expansion is equal to Hubble parameter H , which is small at present period, and this
equation of state is suitable. So, the pressure of vacuum universe is negative and proportional to
the sum of density of its energy, matter and relativistic particles located within it:

1
pv :_g(pA_’_pm"_prel)' (18)

Substituting the resulting pressure of vacuum in the Friedmann equations in case of the flat space

3R?
Pz o (19)
2R R?
p=————+p (20)

' R R2
with critical density p, and a length scale factor R vyields
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&
Pa = ZE- (21)

Introducing the deceleration parameter q, we express it through dark energy density parameter as
3

G =22, 22)

The Planck Collaboration cosmological parameters [8] implies 2, = 0.6911+ 0.0062 that gives
g, = — 1.03665 + 0.093. Evidence for accelerating expansion of the universe came from he
supernova observation and the deceleration parameter is estimated [7] as g, =—-1£0.4 within

some other model under condition g, = sz -Q,.

5. Discussion

Transfer of obtained result for the weakly gravitating sphere into the arbitrary point of space-time
requires observation of the strong principle of equivalence, according to which laws of gravitation,
tested in a freely moving laboratory, are independent of its velocity and location in space-time.
Landau and Lifshitz wrote [1] about equation p =(1/3)p "This limiting equation of state is

obtained here assuming an electromagnetic interaction between the particles. We shall assume that
it remains valid for the other possible interactions between particles, though there is at present no
proof of this assumption.” So, it is found for the gravity fields, whose source has isotropic pressure.

However, the source of gravitation is not pressure of the gravity field but the vacuum pressure,
which balances impact of gravity on vacuum in the stationary space-time. In cosmology, the
equation of state for a perfect fluid corresponds to equation of state for low gravitating sphere.
Theoretical estimation of the deceleration parameter is confirmed by the observed accelerating
expansion of the universe.

Received July 24, 2016; Accepted August 3, 2016

References

[1] L. D. Landau and E. F. Lifshitz, The Classical Theory of Fields (4th ed.), Butterworth-Heinemann,
1975

[2] C. W. Misner, K. S. Thorne and J. A. Wheeler, Gravitation, San-Francisco, W. H. Freeman and Co,
1973

[3] A. Vikman, Phys. Rev. D 71, 023515 (2005); astro-ph/0407107

[4] R. C. Tolman, Relativity, Thermodynamics and Cosmology, Oxford, Claredon Press, 1934

[5] J. D. Harrington and L. Chandler, NASA'S WMAP Project Completes Satellite Operations Mission
Observed Universe’s Oldest Light, NASA (6 October 2010)

[6] A. D. Chernin, Phys. Usp. 51, 253 (2008)

[7] A. G. Riess et al., Astronomical J. 116, 1009 (1998); arXiv:astro-ph/9805201

[8] Planck Collaboration. Planck 2015 results. XI1l. Cosmological parameters, arXiv:1502.01589

Prespacetime Journal WWwWw.prespacetime.com
Published by QuantumDream, Inc.



