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Derivation of generalized Einstein’s equations of gravitation based on a mechanical
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J. C. Maxwell, B. Riemann and H. Poincaré have proposed the idea that all microscopic particles
are sink flows in a fluidic aether. Following this research program, a previous theory of gravitation
based on a mechanical model of vacuum and a sink flow model of particles is generalized by methods
of special relativistic continuum mechanics. In inertial coordinate systems, we construct a tensorial
potential which satisfies the wave equation. Inspired by the equation of motion of a test particle,
a definition of a metric tensor of a Riemannian spacetime is introduced. Applying Fock’s theorem,
a generalized Einstein’s equation in inertial systems is derived based on some assumptions. This
equation reduces to Einstein’s equation in case of weak field in harmonic coordinate systems. In
some special non-inertial coordinate systems, a second generalized Einstein’s equation is derived
based on some assumptions. If the field is weak and the coordinate system is quasi-inertial and
harmonic, the second generalized Einstein’s equation reduces to Einstein’s equation. Thus, this
theory may also explains all the experiments which support the theory of general relativity. There
exists some fundamental differences between this theory and Einstein’s theory of general relativity.

Keywords: Einstein’s equation; gravitation; general relativity; sink; gravitational aether.

by the author(s). Distributed under a Creative Commons CC BY license.



http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.20944/preprints201806.0350.v3
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 January 2019 d0i:10.20944/preprints201806.0350.v3

I. INTRODUCTION

The Einstein’s equation of gravitational fields in the theory of general relativity can be written as [1, 2]

1
R/u/ - §guuR = —rT)} (1)

pvo
where g,,,, is the metric tensor of a Riemannian spacetime, R, is the Ricci tensor, R = g*” R,,, is the scalar curvature,
g"" is the contravariant metric tensor, k = 87yx/c?, yn is Newton’s gravitational constant, c is the speed of light in
vacuum, T}, is the energy-momentum tensor of a matter system.

The Einstein’s equation (1) is a fundamental assumption in the theory of general relativity [1, 2]. It is remarkable
that Einstein’s theory of general relativity, born 102 years ago, has held up under every experimental test, refers to,
for instance, [3].

There is a long history of researches of derivations or interpretations of Einstein’s theory of general relativity. For
instance, C. Misner et al. introduce six derivations of the Einstein’s equation Eq.(1) in their great book ([2], p417).
S. Weinberg proposed two derivations ([1], p151).

However, these theories still face the following difficulties. (1) Attempts to reconcile the theory of general relativity
and quantum mechanics have met some mathematical difficulties ([4],p101); (2) The cosmological constant problem
is still a puzzle, refers to, for instance, [5]; (3) The existence of black hole is still controversy, refers to, for instance,
[6]; (4) Theoretical interpretation of P. A. M. Dirac’s dimensionless large number ([7], p73) is still open; (5) The
existences and characters of dark matter and dark energy are still controversy, refers to, for instance, [8]; (6) The
existence and characters of gravitational aether are still not clear, refers to, for instance, [9]; (7) Whether Newton’s
gravitational constant vyn depends on time and space is still not clear [10]; (8) Whether the speed of light in vacuum
depends on time or space is controversy, refers to, for instance, [11].

Furthermore, there exists some other problems related to the theories of gravity, for instance, the definition of
inertial system, origin of inertial force, the velocity of the propagation of gravity [12], the velocity of individual
photons [13, 14], unified field theory, etc.

The purpose of this manuscript is to propose a derivation of the Einstein’s equation (1) in inertial coordinate
systems based on a mechanical model of vacuum and a sink flow model of particles [15].

II. INTRODUCTION OF A PREVIOUS THEORY OF GRAVITATION BASED ON A SINK FLOW
MODEL OF PARTICLES BY METHODS OF CLASSICAL FLUID MECHANICS

The idea that all microscopic particles are sink flows in a fluidic substratum is not new. For instance, in order
to compare fluid motions with electric fields, J. C. Maxwell introduced an analogy between source or sink flows and
electric charges ([16], p243). B. Riemann speculates that:”T make the hypothesis that space is filled with a substance
which continually flows into ponderable atoms, and vanishes there from the world of phenomena, the corporeal
world” ([17], p507). H. Poincaré also suggests that matters may be holes in fluidic aether ([18], p171). A. Einstein and
L. Infeld said ([19], p256-257):” Matter is where the concentration of energy is great, field where the concentration of
energy is small. --- What impresses our senses as matter is really a great concentration of energy into a comparatively
small space. We could regard matter as the regions in space where the field is extremely strong.”

Following these researchers, we suppose that all the microscopic particles were made up of a kind of elementary sinks
of a fluidic medium filling the space [15]. Thus, Newton’s law of gravitation is derived by methods of hydrodynamics
based on the fluid model of vacuum and the sink flow model of particles [15].

We briefly introduce this theory of gravitation [15]. Suppose that there exists a fluidic medium filling the inter-
planetary vacuum. For convenience, we may call this medium as the €(0) substratum, or gravitational aether, or tao
[15]. Suppose that the following conditions are valid: (1) the £2(0) substratum is an ideal fluid; (2) the ideal fluid is
irrotational and barotropic; (3) the density of the ©(0) substratum is homogeneous; (4) there are no external body
forces exerted on the fluid; (5) the fluid is unbounded and the velocity of the fluid at the infinity is approaching to
Zero.

An illustration of the velocity field of a sink flow can be found in Figure 1. If a point source is moving with a
velocity v, then there is a force [15]

Fo =—pQu—vy) (2)

is exerted on the source by the fluid, where pg is the density of the fluid, @ is the strength of the source, u is the
velocity of the fluid at the location of the source induced by all means other than the source itself.

We suppose that all the elementary sinks were created simultaneously [15]. For convenience, we may call these
elementary sinks as monads. The initial masses and the strengths of the monads are the same. Suppose that (1)
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FIG. 1. an illustration the velocity field of a sink flow.

v; € u;,i = 1,2, where v; is the velocity of the particle with mass m;, u; is the velocity of the ©(0) substratum
at the location of the particle with mass m; induced by the other particle; (2) there are no other forces exerted on
the particles, then the force Fa;(¢) exerted on the particle with mass maq(t) by the velocity field of £(0) substratum
induced by the particle with mass mq (¢) is [15]

For(t) = () 10020, )

where T2; denotes the unit vector directed outward along the line from the particle with mass mq () to the particle
with mass mz(t), r is the distance between the two particles, mo(t) is the mass of monad at time ¢, —go(go > 0) is
the strength of a monad, and

2
Podp
t) = ———. 4
(1) 47rm(2) (t) ( )
For continuously distributed matter, we have
0
GV (pow) = —pops. (5)

where u is the velocity of the (0) substratum, V = i9/dz + jo/0y + kd/0z is the nabla operator introduced by
Hamilton, i, j, k are basis vectors, —ps(ps > 0) is the density of continuously distributed sinks, i.e.,

AQ

—Ps — li ANt
P A\I/H—lm AV

(6)

where AQ is the source strength of the continuously distributed matter in the volume AV of the 2(0) substratum.
Since the ©(0) substratum is homogeneous, i.e., dpo /0t = Jpo/0x = Jpo/dy = Opo/0z = 0, and irrotational, i.e.,
V xu=0, Eq.(5) can be written as [20]

VZSD = —Ps> (7)

where ¢ is a velocity potential such that u = Vi, V2 = §%/022 + 9% /9y* + 0% /02* is the Laplace operator.
We introduce the following definitions

m )

Poq0 mopPs
d = v, = (8)
™o qo

where p,, denotes the mass density of continuously distributed particles.
Using Eq.(8) and Eq.(4), Eq.(7) can be written as

V2P = —dmynpum. (9)
III. A MECHANICAL MODEL OF VACUUM

According to our previous paper [21] we suppose that vacuum is filled with a kind of continuously distributed
material which may be called (1) substratum or electromagnetic aether. Maxwell’s equations in vacuum are derived
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by methods of continuum mechanics based on this mechanical model of vacuum and a source and sink flow model of
electric charges [21]. We speculate that the electromagnetic aether may also generate gravity. Thus, we introduce the
following assumption.

Assumption 1 The particles that constitute the (1) substratum, or the electromagnetic aether, are sinks in the Q(0)
substratum.

Then, according to the previous theory of gravitation [15], these (1) particles gravitate with each other and also
attract with matters. Thus, vacuum is composed of at least two kinds of interacting substratums, i.e., the gravitational
aether 2(0) and the electromagnetic acther Q(1).

From Eq.(2), we see that there exists a following universal damping force Fy = —pogomv,/mg exerted on each
particle by the (0) substratum [15], where v,, is the velocity of the particle. Based on this universal damping force Fy
and some assumptions, we derive a generalized Schrodinger equation for microscopic particles [22]. For convenience,
we may call these theories [15, 21, 22] as the theory of vacuum mechanics.

IV. CONSTRUCTION OF A LAGRANGIAN FOR FREE FIELDS OF THE Q(0) SUBSTRATUM BASED
ON A TENSORIAL POTENTIAL IN THE GALILEAN COORDINATES

There exists some approaches ([23], page vii;[2], p424), which regards Einstein’s general relativity as a special
relativistic field theory in an unobservable flat spacetime, to derive the Einstein’s equation (1). However, these
theories can not provide a physical definition of the tensorial potential of gravitational fields, refers to, for instance,
[2, 24, 25]. Thus, similar to the theory of general relativity, these theories may be regarded as phenomenological
theories of gravitation.

Inspired by these special relativistic field theories of gravitation, we explore the possibility of establishing a similar
theory based on the theory of vacuum mechanics [15, 21, 22]. Thus, first of all, we need to construct a Lagrangian
for free fields of the ©(0) substratum based on a tensorial potential in the Galilean coordinates. In this section, we
will regard the (0) substratum in the previous theory of gravitation [15] as a special relativistic fluid. Then, we will
study the Q(0) substratum by methods of special relativistic continuum mechanics [26].

In this article, we adopt the mathematical framework of the theory of special relativity [1]. However, the physical
interpretation of the mathematics of the theory of special relativity may be different from Einstein’s theory. It is
known that Maxwell’s equations are valid in the frames of reference that attached to the (1) substratum [21]. We
introduce a Cartesian coordinate system {o, z,y, z} for a three-dimensional Euclidean space that attached to the Q(1)
substratum. Let {0,%} be a one-dimensional time coordinate. We denote this reference frame as Sq(1).

Based on the Maxwell’s equations, the law of propagation of an electromagnetic wave front in this reference frame
Sq(1) can be derived and can be written as ([27],p13)

1 (0w ’ Ow ’ w ’ dw _ 0 (10)
c2 \ ot Oz Ay 0z) 7
where w(t, z,y, 2) is an electromagnetic wave front, ¢ is the velocity of light in the reference frame Sg(1).
An electromagnetic wave front is a characteristics. According to Fock’s theorem of characteristics ([27], p432), we

obtain the following metric tensor 7,5 = diag[c?, —1, —1, —1] of a Minkowski spacetime for vacuum ([28], p57).
For convenience, we introduce the following Galilean coordinate system

DL =ct, 2t=z 2=y, PB==z (11)

We will use Greek indices «, 8, i, v, etc., denote the range {0,1,2,3} and use Latin indices i, j, k, etc., denote the
range {1,2,3}. We will use Einstein’s summation convention, that is, any repeated Greek superscript or subscript
appearing in a term of an equation is to be summed from 0 to 3. We introduce the following definition of spacetime
interval

ds® = n,datda”, (12)

where 7, is the metric tensor of the Minkowski spacetime defined by 7, = diag[1, -1, -1, —1].

Suppose that the Q(0) substratum is an incompressible viscous fluid. Then, there is no elastic deformations in the
fluid and the internal stress states depend on the instantaneous velocity field. Thus, we can choose the reference
frame Sq 1) as the co-moving coordinate system. The internal energy U is the sum of the internal elastic energy U,
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and the dissipative energy Uy, i.e., U = U, + U,. Since there is no elastiq deformations in the fluid, we have U, = 0.
We introduce the following definition of deviatoric tensor of strain rate 4; ([29],p331)

i =St — Sfet (13)

where sz is the tensor of strain rate, S ’,§ is the rate of volume change, 5;- is the Kronecker delta.
Suppose that the rate of dissipative energy U, is the Rayleigh type, then, we have ([29],p332)

Ua = poy (14)
where pg is the coefficient of viscosity. )
Since the (0) substratum is incompressible, we have S¥ = 0. Thus, from Eq.(14) and Eq.(13), we have
Ud = /.I,QSJZSZJ (15)

In the low velocity limit, i.e., u/c < 1, where v = |u|, the Lagrangian L, for free fields of the Q(0) substratum
can be written as ([29],p332)

1 vt
Luo = yoo + [ Ul (16)
to

where u = |ul, to is an initial time. '
Suppose that the 2(0) substratum is a Newtonian fluid and the stress tensor ¢} is symmetric, then we have ([30],p46)

o) = —pd; + QMOS;, (17)

where p is the pressure of the Q(0) substratum.
Using Eq.(17) and Eq.(15), Eq.(16) can be written as

P -
J— (2 7 3
Lyo = 5Pou + /to (o] +p5j)?dta (18)
For a macroscopic observer, the relaxation time ¢, of the ©(0) substratum is so small that the tensor of strain rate
S} may be regarded as a slow varying function of time, i.e., 85;- /Ot < 1. Thus, in a small time interval [tg,t], we
have St > 0, or, S]Z < 0. Then, it is possible to choose a value 65 + ;5(5;- of U§ + pé;'» in the time interval [tg, ] such that
Eq.(18§ can be written as

| Al
Lu)O = ipou + (Jj +p<5]) " 7dt (].9)
We introduce the following definition
‘o
A Si ;
vt [ S 20
J " 2f0 ( )
where fj is a parameter to be determined.
Using Eq.(20), Eq.(19) can be written as
1 o )
Lo = =pou® + fo! (57 + p65). (21)

2
Since the coefficient of viscosity o of the (0) substratum may be very small, we introduce the following assumption.

Assumption 2 In the low velocity limit, i.e., u/c < 1, where u = |u|, u is the velocity of the Q(0) substratum, we
suppose that o ~ 0 and we have the following conditions

wij ~ 07 8/A¢ij ~ 0, @ﬁu%’j ~ 07 (22)

where

o o0 o0 0
9= (5 3 527 325 29
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According to the Stokes-Helmholtz resolution theorem, refers to, for instance, [31], every sufficiently smooth vector
field can be decomposed into irrotational and solenoidal parts. Thus, there exists a scalar function ¢ and a vector
function R such that the velocity field u of the £2(0) substratum can be represented by [31]

u=Ve+V xR, (24)

where Vx ¢ =0, V-R =0.
We introduce the following definition of a vector function &

43
= . 2
B(ct) VxR (25)
Putting Eq.(25) into Eq.(24), we have
23
= . 2
u=Vyp+ B(ct) (26)
Based on Assumption 2 and using Eq.(8) and Eq.(26), Eq.(21) can be written as
N
mo 96 po [ OF
Lo = ve)? + Nye. S A . 27
0 2p0q0 ( )y Qo oct) 2 (8((:15) (27)
We introduce the following definitions
Yoo = —aoo®,  Yoi = Yio = anis, (28)
Yo = Yo1i+ o2 + tosk. (29)

where agg > 0 and ag; > 0 are 4 parameters to be determined, i = 1,2, 3.
Eq.(28) and Eq.(20) have defined a rank 2 symmetric tensor ¢,,. We require that for some special values of ago
and ag;, Eq.(27) can be written as

N
81/)0
Lyo= (Voo — =—= | .
0 ( Yoo 8(ct)> (30)
Comparing Eq.(30) and Eq.(27) and using Egs.(28-29), we have

mo

31
2/70(]0 ( )

In order to construct the Lagrangian Lo described in Eq.(30) based on the tensorial potential 1),,, we should
consider all the possible products of derivatives of the tensor 1,,. If we require that the two tensor indices of v,
are different from each other and the two tensor indices of 1), are different from the derivative index, we have the
following two possible products ([23], p43):

Ll = aaw#u60¢MV’ L2 = aoqzzj,uva#wgyv (32)

where " = n*AnY?4hy, is the corresponding contravariant tensor of Yy
If there are two indices of 9, which are equal, or one of the indices of v, is the same as the derivative index, we
may have the following three possible products ([23], p43):

Lz = 8V¢HV851/)UH7 Ly= 5"%”/5”1#7 (33)
= O\ (34)
where 1 is the trace of 1, i.e., ) = 3 = 9,507,

0" =10, = (o5~ g 555 )-

920’ 0zl 9x2’ 9

L3 may be omitted because it can be converted to Ls by integration by parts ([23], p43).
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Proposition 3 Suppose that we have the following conditions

Moo __ Ioi

~0 - ~ 0. 36
d(ct) T Oxd (36)
If we set
1 3

a=g = -2, ¢c=-6, c5= 5 (37)

then we have

o, \\ 1
L L L Ls~ - 20 ) = Zpou.

c1Ly +coLlo +c4Ly+c5L5 (Viﬁoo 8(ct)> 5 Pou (38)

Proof of Proposition 3. Based on Eq.(22) and Eq.(36) and noticing 1% = g, 9% = —1)g;, we have

Ly ~ —(Vtgo)® — 2 (;{ﬁ%) ) (39)
Ly = —2(Vhoo) - a@(qﬁ?) - (;{ﬁg) ) (40)
o

Lz =~ (Vo) - a(ct)’

Ly~ —(Vhoo)?. (42)

Using Eqgs.(39-42) and Eq.(37), we obtain Eq.(38). Proof ends. O
Inspired by W. Thirring [24] and R. P. Feynman ([23], p43), we introduce the following assumption.

Assumption 4 The Lagrangian Lo for free fields of the Q(0) substratum can be written as
Lo =c1Ly + caLa + caly + c5L5 + Liores (43)

where ¢y = 1/2, ca = =2, ¢4 =—6, c¢5=—3/2, Lore denotes those terms involving more than two derivatives

of Y-

V. INTERACTION TERMS OF THE LAGRANGIAN OF A SYSTEM OF THE Q(0) SUBSTRATUM,
THE Q(1) SUBSTRATUM AND MATTER

In order to derive the field equation, we should explore the possible interaction terms of the Lagrangian of a system
of the Q(0) substratum, the (1) substratum and matter. According to Assumption 2, the coefficient of viscosity po
of the (0) substratum may be very small. Thus, we may regard the Q(0) substratum as an ideal fluid approximately.
Then from Eq.(24) we have u = V. Ignoring the damping force poQv; in Eq.(2) and using u = V¢, Eq.(2) can be
written as

Fo=—poQVe. (44)

A particle is modelled as a point sink of the £(0) substratum [15, 21, 22]. Thus, the interaction term of the
Lagrangian of a system of the ©(0) substratum and a particle can be written as

Lint = POQ‘P (45)

Thus, the interaction term of the Lagrangian of a system of the ©(0) substratum and continuously distributed
particles can be written as

Ling = —pops. (46)
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Putting Eq.(8) into Eq.(46), we have

Ling = —pm®. (47)
The 00 term of the energy-momentum tensor 7))}, of a particle is T = p,,c?. Thus, using Eq.(28), Eq.(47) can be
written as
Line = fotoo Ty, (48)
where
1
= —. 49
= (49)
From Eq.(49), Eq.(31) and Eq.(4), we have
|2p0q5 _ [8myn 1
= = -_— = 8 . 50
fo mict A 7 dd, TN (50)

Inspired by Eq.(48) and Eq.(21), we introduce the following assumption.

Assumption 5 The interaction terms of the Lagrangian of a system of the Q(0) substratum, the Q(1) substratum
and matter can be written in the following form.

Line = fO'(/JuVT#LV + foi/JWTg’{E/l) + O[(folliw)Q],

are the contravariant energy-momentum tensors of the system of the matter and the (1)

(51)
where TH and Tg(yl)

substratum respectively, O[(fotbu)?] denotes those terms which are small quantities of the order of (fotbuw)?.

VI. DERIVATION OF THE FIELD EQUATION

Based on Assumption 4 and 5, the total Lagrangian L. of a system of the Q(0) substratum, the (1) substratum
and matter can be written as

1
Loy = 53,\1%1/3’\1#”” - 23,\1/Juu5”¢M - 68M¢uuayw

TE )

_gawaw + Lunore + fotbuu (THY +The,,
L0l o). (52)

Theorem 6 If we ignore those terms which are small quantities of the order of (fozpm,)2 and those terms involv-
ing more than two derivatives of ¥, in Eq.(52), i.e., O[(fotbu)?] and Lmore, then the field equation for the total
Lagrangian Lot in Eq.(52) can be written as

950" Vap — 2(0°0atps + 07 0sac) — 6(Nap0x0rp"
+602051) — 310p0,07% = fo(Ty1, + TiV). (53)
Proof of Theorem 6. Starting from the Lagrangian in Eq.(52), we have the following Euler-Lagrange equation [32]

aL‘cot a aL‘cot _
50~ o (a0m) =° oy
We can verify the following results ([23], p43; [24])
i 8(8/\7/%1/8}\7/};“/)_ _ e
oz° [ D(0epoP) | 20,0 Vap, (55)
0 [0 .
pr [ R I B (56)
0 [0(0"Yuw0"Y)| _ X
5 { 2007 = 0a0Y + NapOs0\Y7", (57)
0 a(aﬂ[’a’\w)- _ o
Ox° |: a(aawag) | - 2naﬁaaa ¢7 (58)
0Lt
O = fo(TTy + TI). (59)

yos
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Putting Eq.(52) into Eq.(54) and using Eqgs.(55-59), we obtain Eq.(53). Proof ends. O
For convenience, we introduce the following notation

UM = 9\ P — 2050" Y — 2050" P

—60" D, 007> — 601V — 3nMY 9\ (60)
Thus, the field equation Eq.(53) can be written as
W = (TR 4 T, (61)

We introduce the following definition of the total energy-momentum tensor T*" of the system of the matter, the
(1) substratum and the ©(0) substratum

THY =Tk + Tg;gl) + T&Voy (62)

where T{;Z’O) is the energy-momentum tensor of the (0) substratum.
Adding the term fOTs’;E'O) on both sides of Eq.(61) and using Eq.(62), the field equation Eq.(61) can be written as

U+ foTh gy = foTH. (63)

For the total system of matter, the (1) substratum and the £2(0) substratum, the law of conservation of energy
and momentum is ([26], p163; [28], p155)

8, T = 0. (64)
Comparing Eq.(64) and Eq.(63), we have
0, (I + foTS’;(VO)) =0. (65)

Noticing Egs.(55-59), we introduce the following notation ([23], p43)

H" = fLoNOM™ + fo(000" " 4 0x0" ")
+[3(8" 07 + 0 Dy ONy7) + fan 02O, (66)

where f;,i =1,2,3,4 are 4 arbitrary parameters.
If we require that

0, H" =0, (67)
then, we can verify the following relationships (23], p44; [24])
fitfa=0, fot+f3=0, fs+f1=0. (68)
We choose f1 =1, fo = -1, f3 =1, f4 = —1 in Eq.(66) and introduce the following notation

OF = MY — (On0"" + DN YY)
+(8"0" Y + 0" DeONYT) — Y ONO M. (69)
We can verify the following result ([23], p44; [24])

9,0M = 0. (70)
From Eq.(70) and Eq.(65), we have
1 bo y

where bj is an arbitrary parameter.
Noticing Eq.(71), it is convenient for us to introduce the following definition of a tensor TA¥

T = i\puv _ b

fo fo ot TSFO)’ (72)
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where by is a parameter to be determined.

From Eq.(71), we have 0,T4" = 0. In the present stage, we have no idea about the physical meaning of the tensor
THY. Later, once we have determined the value of the parameter by, we may explore the meaning of T4". Using
Eq.(72), the field equation Eq.(63) can be written as

_fo

0

o (TH —THY). (73)

Now our task is to determine the parameter by in the field equation (73). A natural idea is that the 00 component
of Eq.(73) reduces to the field equation Eq.(9) in the case that the velocity of the ©(0) substratum is much smaller
than ¢, i.e., in the low velocity limit. Thus, it is necessary for us to introduce an estimation of the value of T#¥ — TH"
on the right hand side of Eq.(73) in the low velocity limit. To this end, we introduce the following speculation about
the interaction between the Q(0) substratum and the (1) substratum.

Assumption 7 In the low velocity limit, i.e., u/c < 1, where u = |u|, u is the velocity of the Q(0) substratum, the
following relationship is valid

v 1 v bO

Th ~ U — D

fo Jo o, (74)

where by is a parameter to be determined.

Therefore, using Eq.(61) and Eq.(74), we have the following estimation of T#" in the low velocity limit

b
TH ~ 2O (75)
fo
Using Eq.(63), Eq.(72) and Eq.(75), we have the following estimation of T — T** in the low velocity limit
bo
T —TH = —OM ~ TH". (76)
Jo

Theorem 8 Suppose that Assumption 7 is valid. Then, by = —1 and the field equation (53) can be written as
ONOMPHY — DM — DOV YN + OOV
+ 0" e ONpTN — N = — fo(TH = TLY). (77)
Proof of Theorem 8. Noticing Eq.(69), the 00 component of the field equation (73) is
P — 29,09 + 3°8%)

+ 0,007 — O\ = FS(TOO — T, (78)

Take the trace of the field equation Eq.(73), we have

o0\ — 0N = ;TO(T ~T,), (79)
0
where T" and T, are the traces of T"” and TH¥ respectively, i.e., T' = T/{\ = nagT“'B, T, == naﬂTﬁB.

Subtracting Eq.(79) from Eq.(78), we have
a}\a)\wOO _ 26,\(901/10)\ + 8080’(/)

ffO o T 00 , Lw
7b0 T 5 Tw+2 . (80)

If the field is time-independent, then Eq.(80) reduces to

o200 _ Jo (oo T 00, Tw
v o (g0 T g, L) -

According to Eq.(76), we have the following estimations in the low velocity limit

TOO — T‘SO ~ Tglo = meQ, T-T,~Ty,~ pm027 (82)
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where T}, is the trace of T}, ie., T,, = naﬁTﬁ;ﬂ.
Using Eq.(28), Eq.(31), Eq.(50) and Eq.(82), Eq.(81) can be written as

1
V2P = %47r’prm. (83)

Comparing Eq.(83) and Eq.(9), we obtain by = —1. Therefore, using Eq.(69) and by = —1, the field equation
Eq.(73) can be written as Eq.(77). Proof ends. O

Now we discuss the physical meaning of T+¥. Noticing Eq.(74) and Eq.(72), we have the following estimation in
the low velocity limit

I ~ TG+ THY (84)
. A .
For convenience, we may call T5” = Tgé’l) + TKI;E/O) the contravariant energy-momentum tensor of vacuum. From

Eq.(84), we see that the tensor T4 is an estimation of T” when the velocity u of the ©(0) substratum is small
comparing to c¢. Thus, we may call T} the contravariant energy-momentum tensor of vacuum in the low velocity
limit. We can verify that the field equation Eq.(77) is invariant under the following gauge transformation ([23], p45;

[24])
PHY — P 4 O AY 4+ OV AH, (85)
where A is an arbitrary vector field.
We introduce the following definition
1
P = P = . (86)

Using Eq.(86), the field equation (77) can be written as
NP — 0\ — 030"
+ 00N = — fo(T™ — TH). (87)

We introduce the following Hilbert gauge condition [24]
1
A (Ww - 277W¢) =0. (88)

Using Eq.(86), the Hilbert gauge condition Eq.(88) simplifies to
D = 0. (89)
Applying Eq.(89) in Eq.(87), we obtain the following proposition [24].
Proposition 9 If we impose the Hilbert gauge condition Eq.(88) on the fields, then, the field equation Eq.(77) sim-
plifies to
1
0" (7 = ) =~ ~ 72 (90)

If the tensorial potential 1" does not satisfy the Hilbert gauge condition Eq.(88), then we can always construct a
new tensorial potential ¥)** by the following gauge transformation [24]

P = Y OFAY - VAR, (91)

such that the new tensorial potential ¥ does satisfy the Hilbert gauge condition Eq.(88).
Using Eq.(86), the field equation Eq.(90) can be written as

ONONPHY = — fo(TH — TH). (92)

The field equation Eq.(92) can also be written as

(o] 82¢HU v 1%
0 aggs = Jo(T" = TLY). (93)

We noticed that the tensorial field equation Eq.(93) is similar to the wave equation of electromagnetic fields.
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VII. CONSTRUCTION OF A TENSORIAL POTENTIAL IN INERTIAL COORDINATE SYSTEMS

The existence of the (1) substratum allows us to introduce the following definition of inertial coordinate systems.

Definition 10 If a coordinates system S is static or moving with a constant velocity relative to the reference frame
Sa(1), then, we call such a coordinates system as an inertial coordinate system.

The field equations Eq.(87) and Eq.(90) are valid in the reference frame Sg(;). We will explore the possibility of
constructing a tensorial potential in an arbitrary inertial system S’. In an inertial coordinate system S, an arbitrary
event is characterized by the four space-time coordinates (¢, x,y, z). In an inertial system S’, this event is characterized
by four other coordinates (¢',z',y’,2"). We assume that the origins of the Cartesian coordinates in the two inertial
systems S and S’ coincide at the time ¢ = t/ = 0. Then, the connections between these space-time coordinates are
given by a homogeneous linear transformation keeping the quantity s? = ¢*t?> — 2% — y? — 22 invariant, i.e., ([26], p92)

2= g g 2= A gy 2 (94)

We introduce the following two coordinate systems

wozct, xlzx, x2=y, x3:z,

Z‘/O — Ct/, .77/1 _ SCI, .’L‘/Q — y/7 m/3 — Z/. (95)
The homogeneous linear transformation keeping the quantity s? invariant, which is usually called the Lorentz
transformation, can be written as ([33], p57; [26], p92)
't = ot x¥, (96)
where o*, are coefficients depend only on the angles between the spatial axes in the two inertial systems S and S’
and on the relative velocity of S and S’.
Applying the standard methods in theory of special relativity [26], we have the following results.

Proposition 11 Suppose that the field equation Eq.(92) is valid in the the reference frame Sq1y. Then, in an arbitrary
wnertial system S’, there exists a symmetric tensor (;Siw satisfies the following wave equation

KON = —fo(T —TI), (97)

where T and T/" are corresponding tensors of THY and THY in the arbitrary inertial coordinate system S’ respec-
tively.

Proposition 12 Suppose that the field equation Eq.(87) is valid in the reference frame Sq(1y. Then, in an arbitrary
inertial system S’, there exists a symmetric tensor (biw satisfies the following field equation

83\8/)\(;5/}“/ o a&a/ud)w)\ o 8;\6/V¢/p,)\
PRGN = —fo(T —TU). (99)

VIII. THE EQUATION OF MOTION OF A POINT PARTICLE IN A GRAVITATIONAL FIELD AND
INTRODUCTION OF AN EFFECTIVE RIEMANNIAN SPACETIME

In this section, we study the equation of motion of a free point particle in a gravitational field. The Lagrangian of
a free point particle can be written as ([23], p57;[24])
1 dz* dx 1 1 y
LO = im?di: = §mu“u# = imn#yu“u , (99)
where m is the rest mass of the point particle, 7 = \/dx#dzx,, is the proper time interval, u* = da#/dr.

Suppose that Tg(”l) ~ 0. Ignoring those higher terms O[(fy1,,,)?] in Eq.(51), the interaction term of the Lagrangian
of a system of the 2(0) substratum, the (1) substratum and the point particle can be written in the following form
([23], p57;[24])

Lint = fow,u,l/muuuy' (100)
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Using Eq.(100) and Eq.(99), the total Lagrangian Lot of a system of the (0) substratum, the Q(1) substratum
and the point particle can be written as ([23], p57)

1
Li =Ly+ Lins = §mu”uu + fobmuru”. (101)

The Euler-Lagrange equation for the total Lagrangian Ly can be written as ([33],p111)

ﬁ _faqbaﬂdxiaﬁ_
dr oxr dr dr

d
o (77;1,1/ + 2f0wuu)

= (102)

We notice that the equation of motion (102) of a point particle in gravitational field is similar to the equation of
a geodesic line (104) in a Riemannian spacetime. Thus, it is natural for us to introduce the following definition of a
metric tensor g,, of a Riemannian spacetime ([23], p57)

Guv = Nuv + 2f0"/}uu~ (103)

Then, the equation of motion Eq.(102) can be approximately written as ([23], p58)

v a B
d ( dx )_Wgaﬂ da da? (104)

dT'g Inw dry) 2 O0z+ dry dr,’

where 7, is the proper time interval in the Riemannian spacetime with a metric tensor g,, .
Eq.(104) is a geodesic line in a Riemannian spacetime with a metric tensor g,,,, which can also be written as ([34],

p51)
A2zt dz¥ dx°
5 — =0, 105
dTg Y7 dry dry (105)
where
Al dghe gghP  §gP
NS _ 106
a8 = 99 < 008 T oze  oan (106)

are the Christoffel symbols.

Thus, we find that the equation of motion (102) of a point particle in gravitational field is approximately a geodesic
line described in Eq.(105) in a Riemannian spacetime with a metric tensor g,,, .

According to Assumption 1, the particles that constitute the (1) substratum are sinks in the ©(0) substratum.
Thus, the movements of the (1) substratum in gravitational field will be different from the Maxwell’s equations. We
notice that the equation of motion of a point particle in gravitational field (104) is a generalization of the equation of
motion of a point particle in vacuum free of gravitational field. The law of propagation of an electromagnetic wave
front in vacuum free of gravitational field is Eq.(10). Thus, the law of propagation of an electromagnetic wave front
in gravitational field may be a kind of generalization of Eq.(10). Therefore, we introduce the following assumption.

Assumption 13 To the first order of fotb,., the law of propagation of an electromagnetic wave front w(x®, z*, 2% x3)
in gravitational field is

ow Ow
guu@w =0, (107)

0 2t 22, 23) is the electromagnetic wave front, Jap is the metric tensor defined in Eq.(103).

where w(x

The measurements of spacetime intervals are carried out using light rays and point particles, which are only subject
to inertial force and gravitation. Thus, according to Eq.(104) and Eq.(107), the physically observable metric of
spacetime, to the first order of fy3,., is g,. Thus, the initial flat background spacetime with metric 7, is no longer
physically observable [24].

If we can further derive the Einstein’s equation (1) using the definition (103) of a metric tensor g,,, of a Riemannian
spacetime, then, we may provide a geometrical interpretation of Einstein’s theory of gravitation based on the theory
of vacuum mechanics [15, 21, 22]. This is the task of the next section.
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IX. DERIVATION OF A GENERALIZED EINSTEIN EQUATION IN INERTIAL COORDINATE
SYSTEMS

Definition 14 The Einstein tensor G, is defined by

A 1
G;Lu = R[Ll/ - §gﬂuR7 (108)

where g, 15 a metric tensor of a Riemannian spacetime, R, is the Ricci tensor, R = g""R,,,,, g"" is the corresponding
contravariant tensor of g, such that g,\g™ = 81 =gy ([54], p40).

According to the geometrical interpretation of some theories of gravitation in flat spacetime [24], the physically
observable metric g,,,, of spacetime in Eq.(103) can be written as

9" =" = 2o + O[(fov)?]. (109)

Following the clue showed in Eq.(109) and noticing the methods of S. N. Gupta [35] and W. Thirring [24], we
introduce the following definition of a metric tensor of a Riemannian spacetime.

Definition 15
G 2V =g0g" = = 2fed, (110)
where go = Det g,,,.

We have the following expansion of the contravariant metric tensor g"* [35]

g =" = 2" + fon" Nasd™”
—2f31as0 P O + foN" Naonprd™’ 9N

3 I hasra P8 + Ol(fodas)’) (1)

Definition 16 If ¢ and their first and higher derivatives satisfy the following conditions

2fopt”| < 1, (112)
‘W <1,n=1,23,-- (113)

then we call this filed " weak.

For weak fields, ) ~ ¢ ~ 0. Thus, ¢W* = ¥ — %77‘“’1/; ~ M. From Eq.(111), we see that the definition (110) is
compatible with Eq.(109).

Theorem 17 Suppose that Assumption 7 is valid. Then, in an arbitrary inertial coordinate system S;, we have the
following field equation

1 — 9*(vV=909"")
py o _ aB _ ap

_ 7$(6Aauguk + a}\augu)\ _ 77””608)\90/\>

1 1
— [I™ePTTv Pyt — Za* (L + B
ap T ¥y = 59" (L+B)
f2
+ BM = L(TW _ T:f”), (114)
go

where THY is the contravariant total energy-momentum tensor of the system of the matter, the Q(1) substratum and
the Q(0) substratum in the inertial coordinate system S;, TH" is the contravariant energy-momentum tensor of vacuum
in the low velocity limit in S;,

1 _ 39#5 gy Ogh agaﬂ
Hu,aﬁ é L a\ BA _ A 11
290 (g oo 9 o T 0 ) (115)
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A
HZB = gakgﬁoﬂu’/\ga (116)
r* £ ¢T3, (117)
Lol o or” Lo OTH O
e sl <g# i ) , (118)
A 0(lg\/—g A

Ys = %7 y* = gaﬁyﬁy (119)

A 1, 0g°F d(lgv/=g0)
L2 -1V T 120
27 B gy oze ’ (120)

1

B STW 4+ S(y'T" +y'T%), B 2 g0, B™. (121)

Proof of Theorem 17. According to a theorem of V. Fock ([27], p429), the contravariant Einstein tensor G** can
be written as

1 o?gH 1
GW = — g™ 2 L TIMOPIIY , — —yty”
2909 0z,0xg + aB ~ ¥V
1
+§g‘“’(L + B) — B*. (122)

Applying Eq.(110), Eq.(122) can be written as

1 *(=2fop")

pwy o _ T _ aB _ aB -’
G = g W08 =™ a0

_fo ap 070"

gon Ox*dxh

1 1
—3V"y” + 59" (L+B) = B™. (123)

+ TP

Noticing Eq.(110), the field equation Eq.(98) can be written as

D*prv V=90
ap — _ VA [ZSNTPN
Uy 57 (020" g™ 4+ 020"
— 0" 0y0\g7) — fo(T™ — THY). (124)

Using Eq.(110) and Eq.(124), Eq.(123) can be written as

1 9*(vV=909")
[ — aBf _ af
G = g (Vmo0g™ =) =5 o

FY I (000" 020" — " D505 )

f2 v 1% « v 1 v
+;§(T“ = T4") + 1 5Ha,{3_§y#y

1
+59"(L+B)—B". (125)
Eq.(125) can be written as Eq.(114). Proof ends. O

Eq.(114) has the same form in all inertial coordinate systems. Eq.(114) is one of the main results in this manuscript.
We need to further study the relationship between Eq.(114) and the Einstein field equation Eq.(1).
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Theorem 18 If we impose the Hilbert gauge Eq.(88) on the fields, then in an arbitrary inertial coordinate system S;
we have the following field equation

1 9*(v/=909"")
o _ (a8 ey W 909 )
290 (V=09 ") 0r*0xP
« v 1 17 1 v
— I 5 + 53/”3/ - 59“ (L+B)
f2
+ BM = 20 T, (126)

9o
Proof of Theorem 18. Using Eq.(110) and Eq.(97), Eq.(123) can be written as

1 & (v/=909"")
G;u/ - _ aB _ aB — 7
290 (V909" = 01") = a0
2
,fj(TuV —TH) + Hu,aﬁnzﬁ _ lyuyv
9o 2
1
+§g””(L+B) — B*Y, (127)

Eq.(127) can be written as Eq.(126). Proof ends. O

Definition 19 If each of the coordinates =% satisfies the following generalized wave equation
1 0
V—go OxH

then, we call such a coordinates system harmonic.

(\/Qog’ngy) —0, (128)
X

In a harmonic coordinates system, we have ([27], p254)
[Y =" = B" = B = 0. (129)
Putting Eq.(129) into Eq.(126), we have the following corollary.

Corollary 20 If we apply the Hilbert gauge Eq.(88) and the coordinates system is harmonic, then the field equation
FEq.(126) can be written as

1 > (V=g09""
Gw o (\/jgogaﬁ . naﬁ) ( gog )

240 Ox>0xP
1 1
_ H“’O"BHZB + iyuyv _ 5gWL
f2
= L0 (v ), (130)
g0

We can verify that each of the Galilean coordinates is harmonic. Any constant and any linear function of harmonic
coordinates satisfy Eq.(128). Thus, from Eq.(96) we see that an inertial coordinate system is harmonic and Eq.(130) is
valid for every inertial system. In order to study the case of weak fields in inertial systems, we introduce the following
assumption.

Assumption 21 Suppose that the dimensionless parameter w = moc/2poqo satisfies the following condition

mopc

w= <1. 131

2poqo — (131

Using the 00 component of Eq.(113) for the case n = 1 and noticing Eq.(86), Eq.(28), Eq.(50) and Eq.(8), we have
9(2f09™) 2pogo O

= — 1. 132

‘ 0(z*) moc? Oz < (132)

Noticing Eq.(26) and using Eq.(132) and Eq.(131), we have |u| ~ |Vy| < moc?/(2p0q0) < c. Therefore, according
to Assumption 7, Eq.(74) and Eq.(76) are valid for weak fields.
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Corollary 22 Suppose that (1) the Hilbert gauge Eq.(88) is applied on the fields; (2) the filed is weak; (3) Assumption
7 is valid. Then in an arbitrary inertial coordinate system the field equation Eq.(130) reduces to

1 & o
Ry — 59u R = %Tuy. (133)
Proof of Corollary 22. According to Definition 16, fo¢"” and their first and higher derivatives are small quantities
of order ¢, where |¢| < 1 is a small quantity. Thus, using Eq.(110) and Eq.(111), we have the following estimation of
the order of magnitude of the following quantities

9g g™
[T Y Y LA ~ 134
909 g R o ¢ (134)
From Eq.(110), we have the following estimation of the order of magnitude of the quantity
82 — af 62 —9 Nz
(V=909™") _ (=2fod"") (135)

dr*0xP Ox*dxP
Thus, using Eq.(134) and Eq.(135), we have the following estimation of the order of magnitude of the quantity

(V=909"" = n*?) P (/=9097) (mg;ﬁ) ~ e’ (136)
From Eq.(115) and Eq.(116), we have the following estimation of the order of magnitude of the following quantities
IoF 15 ~ e (137)
Using Eq.(119), we have the following relationship ([27], p143)
ys = Iy (138)
We also have ([27], p143)
Ty, = %g‘“’ ggx“ﬁ”. (139)
From Eq.(138), Eq.(139) and Eq.(134), we have the following estimation of the order of magnitude
ys ~ €. (140)

Using Eq.(119) and Eq.(140), we have the following estimation of the order of magnitude

y* ~e. (141)
From Eq.(120) and Eq.(129), we have
1 g8
L=—--T% 142
27 B gy (142)

Using Eq.(142), Eq.(106) and Eq.(134), we have the following estimation of the order of magnitude
L~ 2 (143)

From Eq.(136), Eq.(137), Eq.(141) and Eq.(143), we see that the second to the fifth term on the right side of
Eq.(130) are all small quantities of order 2. Ignoring all these small quantities of order &2 in Eq.(130) and using
Eq.(74), we obtain

f2
GH ~ 20, (144)
9o
Applying the rules of lowering or raising the indexes of tensors, i.e., G¥ = g"g"? G, TH = gt g" T, Eq.(144)
can be written as

2
Gro ~ fiT;{;. (145)

9o
Putting Eq.(108) into Eq.(145), we obtain Eq.(133). Proof ends. O
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Corollary 23 Suppose that the following conditions are valid: (1) the Hilbert gauge Eq.(88) is applied on the fields;
(2) the filed is weak; (3) g'* = n*"; (4) Assumption 7 is valid. Then in an arbitrary inertial coordinate system the
field equation Eq.(133) reduces to

1
Ry — §g,wR =—f3TI,. (146)

Proof of Corollary 23. Since ¢"” = n"", g,.,, = 1., we have go = Det g,,, = Det 1, = —1. Thus, Eq.(133) can be
written as Eq.(146). Proof ends. OJ
If we introduce the following notation

(147)

then, Eq.(146) coincides with Einstein’s equation Eq.(1). Thus, we see that the field equation Eq.(114) is a general-
ization of the Einstein’s equation Eq.(1) in inertial coordinate systems.

X. DERIVATION OF A GENERALIZED EINSTEIN EQUATION IN SOME NON-INERTIAL
COORDINATE SYSTEMS

Now we consider an arbitrary non-inertial coordinate system S,,. We introduce an arbitrary curvilinear coordinates
(20, 21, 22, z3) in the non-inertial coordinate system S,,. We do not know whether Theorem 18 is valid or not in the
non-inertial coordinate system .S, .

Assumption 24 Suppose that in a non-inertial coordinate system S, there exists a symmetric tensor ¢,, which
satisfies the following wave equation

7P o _
02,023

—fo(T" = T%Y), (148)
where v, 5 the metric tensor of the non-inertial coordinate system S,,.

We introduce the following definition of a metric tensor of a Riemannian spacetime.
Definition 25

~ v de v de v v
7 =gog" L = 2fo, (149)

where go = Det g, .

Theorem 26 Suppose that Assumption 24 is valid. Then, in the non-inertial coordinate system S,, we have the
following field equation

1 92 (v/=gog"”
GHv — (\/_790904,3 _ ,yaB) ( gog )

290 azaazg
1 . O™ 1
- I AN  THETEN ) 14 S,V
2907 024023 ap Qy y
1 v v fg v v
— 39" (L4 B)+ BM = (T — TLY), (150)
go

where Ty, =T}, + bez,,(l) + T;?l,(o) is total energy-momentum tensor of the matter, the Q(1) substratum and the (0)

substratum in the non-inertial coordinate system S, .
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Proof of Theorem 26. Using Eq.(149), Eq.(122) can be written as

1 D* (v — 2o
e = L mggen O 2 | ey,
240 02,023

1 1
-y + 59“"(L + B) — B"

2
1 *(=2fod")
_ A s s apy 9T (Z2000™7)
290 ( gog vty ) 020023
«@ v 1 v 1 v v
+IIPITY,  — V" + 59" (L+B) - B"
- (0 = 2ott")
_ Y = ap _ 0B 0
2g0 ( gog 0 ) 82}&625
L ap PN fo_ap PP
2490 024028 9o 020028
v 1 v 1 v v
HIOPII  — gty + 59" (L+ B) — B, (151)

Using Eq.(149) and Eq.(148), Eq.(151) can be written as Eq.(150). Proof ends.
We need to study the relationship between Eq.(150) and the Einstein field equation (1). Using Eq.(129) and
Eq.(150), we have the following corollary.

Corollary 27 Suppose that (1) Assumption 24 is valid; (2) the coordinate system is harmonic. Then, in the non-
inertial coordinate system S, the field equation Eq.(150) can be written as

1 02(y/~gog"”
ells (\/TQ()QOLB _,}/aﬁ) ( gog )

24o 8Za82g
2 . UV

_ b QBM — TI*eB1T

2490 024,073 af

1 1 £2

—yty? — ZgMv L = 20 (TH — T 152
+5y"y =59 % ( &) (152)

Definition 28 If we have the following conditions

Iy = <1, (153)
1 0%y
—ap 2 THY _ TV 154
57 | < g3 1), (150

then we call this non-inertial coordinate system S,, quasi-inertial.

Using Eq.(156), Egs.(153-154) and Eq.(152), we have the following corollary.

Corollary 29 Suppose that (1) Assumption 24 is valid; (2) the coordinate system is harmonic; (3) the non-inertial
coordinate system Sy, is quasi-inertial. Then, the field equation Eq.(152) can be written as

1 & (v=909*"
GW — (\/_7909015 o na[)’) ( gog )

290 8za8z@
— II*OPTIY , + lyuy'/ — lg’“’L = ﬁ(TW —TH). (155)
D) 2 9 “

Eq.(155) is only valid approximately in a quasi-inertial and harmonic coordinate system S,,. Now we consider weak
fields.

Assumption 30 For weak fields in the non-inertial coordinate system S, , the following relationship is valid
TH —TH = Tk, (156)

Similar to Corollary 22, we have the following result.
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Corollary 31 Suppose that (1) the conditions in Theorem 26 are valid; (2) the coordinate system is harmonic; (3)
the non-inertial coordinate system Sy, is quasi-inertial; (4) the filed is weak. Then, the field equation Eq.(155) reduces
to

R L R = fg ™ 157
py ég#l/ - 970 uv ( )

Similar to Corollary 23, we have the following result.

Corollary 32 Suppose that (1) Assumption 24 is valid; (2) the coordinate system is harmonic; (3) the non-inertial
coordinate system S,, is quasi-inertial; (4) the filed is weak; (5) g** =~ n**. Then, the field equation Eq.(157) reduces
to

1 m
Ry = 59w R = = 3T (158)

Comparing Eq.(158) and Eq.(1), we see that the field equation Eq.(150) is a generalization of the Einstein’s equation
Eq.(1) in some special non-inertial coordinate systems.

XI. DISCUSSION

Although the field equation Eq.(114) and Eq.(150) are generalizations of the Einstein’s equation (1), there exists
at least the following 8 differences between this theory and Einstein’s theory of general relativity.

(1). In Einstein’s theory, Einstein’s equation (1) is an assumption [1, 2, 26]. Although Einstein introduced his new
concept of gravitational aether ([36], p63-113), Einstein did not derive his equation (1) theoretically based on his new
concept of the gravitational aether. In our theory, the two generalized Einstein’s equation Eq.(114) and Eq.(150) are
derived by methods of special relativistic continuum mechanics based on some assumptions.

(2). Although the theory of general relativity is a field theory of gravity, the definitions of gravitational fields are
not based on continuum mechanics [1, 2, 26, 37-40]. Because of the absence of a continuum, the theory of general
relativity may be regarded as a phenomenological theory of gravity [1, 2, 26]. In our theory, gravity is transmitted
by the €(0) substratum. The tensorial potential v, of gravitational fields are defined based on special relativistic
continuum mechanics.

(3). In Einstein’s theory, the concept of Riemannian spacetime is introduced together with the field equation (1)
[1, 2, 26]. The theory of general relativity can not provide a physical definition of the metric tensor of the Riemannian
spacetime. In our theory, the background spacetime is the Minkowshi spacetime. However, the initial flat background
spacetime is no longer physically observable. According to the equation of motion of a point particle in gravitational
field (104), to the first order of fyt,,, the physically observable spacetime is a Riemannian spacetime with the metric
tensor g,,,,. The metric tensor g, is defined based on the tensorial potential v, of gravitational fields.

(4). The masses of particles are constants in Einstein’s theory of general relativity [1, 2, 26]. In our theory, the
masses of particles are functions of time ¢ [15].

(5). The gravitational constant -y is a constant in Einstein’s theory of general relativity [1, 2, 26]. The theory of
general relativity can not provide a derivation of yy. In our theory, the parameter vy is derived theoretically. From
Eq.(4), we see that yn depends on time ¢.

(6). In our theory, the parameter vy in Eq.(9) depends on the density pg of the ©(0) substratum. If py varies from
place to place, i.e., po = po(t,x,y, 2z), then the space dependence of the gravitational constant vy can be seen from
Eq.(4).

(7). In Einstein’s theory, equation (1) is supposed to be valid in all coordinate systems [1, 2, 26]. In our theory, the
generalized Einstein’s equation Eq.(114) is valid only in inertial coordinate systems. The second generalized Einstein’s
equation Eq.(150) is valid only in some special non-inertial coordinate systems.

(8). In Einstein’s theory, equation (1) is rigorous [1, 2, 26]. However, in our theory, Eq.(158) is valid approximately
under some assumptions.

XII. CONCLUSION

We extend our previous theory of gravitation based on a sink flow model of particles by methods of special relativistic
fluid mechanics. In inertial coordinate systems, we construct a tensorial potential of the (0) substratum. Based
on some assumptions, we show that this tensorial potential satisfies the wave equation. Inspired by the equation
of motion of a test particle, a definition of a metric tensor of a Riemannian spacetime is introduced. A generalized
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Einstein’s equation in inertial coordinate systems is derived based on some assumptions. This equation reduces to
Einstein’s equation in case of weak field in harmonic coordinate systems. In some special non-inertial coordinate
systems, a second generalized Einstein’s equation is derived based on some assumptions. If the field is weak and
the coordinate system is quasi-inertial and harmonic, the second generalized Einstein’s equation reduces to Einstein’s
equation. Thus, this theory may also explains all the experiments which support the theory of general relativity.
In our theory, gravity is transmitted by the €(0) substratum. The theory of general relativity can not provide a
physical definition of the metric tensor of the Riemannian spacetime. In our theory, the background spacetime is the
Minkowshi spacetime. However, the flat background spacetime is no longer physically observable. According to the
equation of motion of a point particle in gravitational field, to the first order, the physically observable spacetime is
a Riemannian spacetime. The metric tensor of this Riemannian spacetime is defined based on the tensorial potential
of gravitational fields.
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