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Lord Kelvin believed that the electromagnetic aether must also generate gravity. Presently, we
have no methods to determine the density of the electromagnetic aether, or we say the Ω(1) sub-
stratum. Thus, we also suppose that vacuum is filled with another kind of continuously distributed
substance, which may be called the Ω(2) substratum. Based on a theorem of V. Fock on the mass
tensor of a fluid, the contravariant energy-momentum tensors of the Ω(1) and Ω(2) substrata are es-
tablished. Quasi-static solutions of the gravitational field equations in vacuum are obtained. Based
on an assumption, relationships between the contravariant energy-momentum tensors of the Ω(1)
and Ω(2) substrata and the contravariant metric tensor are obtained. Thus, the cosmological con-
stant is calculated theoretically. The Ω(1) and Ω(2) substrata may be a possible candidate of the
dark energy. According to the theory of vacuum mechanics, only those energy-momentum tensors
of discrete or continuously distributed sinks in the Ω(0) substratum are permitted to act as the
source terms in the generalized Einstein’s equations. Thus, the zero-point energy of electromagnetic
fields is not qualified for a source term in the generalized Einstein’s equations. Some people believed
that all kinds of energies should act as source terms in the Einstein’s equations. It may be this
unwarranted belief that leads to the cosmological constant problem. The mass density of the Ω(1)
and Ω(2) substrata is equivalent to that of around 3 protons contained in a box with a volume of 1
cubic metre.
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I. INTRODUCTION

It is known that the cosmological constant problem is
one of the puzzles in physics today [1]. Theoretical inter-
pretation of the small value of the cosmological constant
is still open [2].
In 1917, A. Einstein thought that his equations of grav-

itational fields should be revised to be ([3], p. 410)

Rµν − 1

2
gµνR+ Λgµν = −κTm

µν , (1)

where gµν is the metric tensor of a Riemannian space-
time, Rµν is the Ricci tensor, R ≡ gµνRµν is the s-
calar curvature, gµν is the contravariant metric tensor,
κ is Einstein’s gravitational constant, Tm

µν is the energy-
momentum tensor of a matter system, Λ is the cosmo-
logical constant.
It seems that the cosmological constant Λ is unneces-

sary when Hubble discovered the expansion of the uni-
verse. Thus, Einstein abandoned the term Λgµν in Eqs.
(1) and returned to his original equations ([3], p. 410).
Later, the cosmological constant was continuously and
intensively studied [1].
In 1990-1999 two groups discovered the cosmic vacu-

um, or dark energy, by studying remote supernova ex-
plosions ([4], p. 112). They discovered that some high
redshift supernovae appeared fainter and thus more dis-
tant than they should be in a gravitationally decelerating
universe ([4], p. 113). This discovery gives the first in-
dication that the universe is accelerating. A possible ex-
planation is that the universe may contain some kind of
substance which behaves like Einstein’s antigravity cos-
mological constant Λ ([4], p. 113).

The term ‘dark energy’ is commonly used to denote a
catch-all term for the origin of the observed acceleration
of the universe, regardless of whether it arises from a new
form of energy or a modification of the general theory of
relativity ([5], p. 490).

The value of the cosmological constant Λ is also related
to the energy-momentum tensor of vacuum ([3], p. 411).
The existence and characters of dark matter and dark
energy are still controversy, see for instance [6–10].

The purpose of this paper is to propose a theoretical
calculation of the cosmological constant and establish a
mechanical model of dark energy based on the theory of
vacuum mechanics [11–15].

II. A MECHANICAL MODEL OF VACUUM
AND A POSSIBLE ORIGIN OF THE

COSMOLOGICAL CONSTANT

Modern experiments, for instance, the Casimir effect
[16, 17], have shown that vacuum is not empty. There-
fore, new considerations on the old concept of aether may
be needed. Vacuum mechanics is a theory attempting to
derive some basic physical laws based on a mechanical
model of vacuum and elementary particles [11–15]. An
introduction of the theory of vacuum mechanics is pre-
sented in the Appendix.

An assumption in the theory of vacuum mechanic-
s is that vacuum is filled with a kind of continuously
distributed matter which may be called the Ω(1) sub-
stratum, or the electromagnetic aether [11]. In 2008, a
visco-elastic continuum model of vacuum and a singular-
ity model of electric charges are proposed [11]. Then,
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Maxwell’s equations in vacuum are derived by method-
s of continuum mechanics based on these models [11].
Lord Kelvin once said [18]:’That there must be a medium
forming a continuous material communication through-
out space to the remotest visible body is a fundamental as-
sumption in the undulatory theory of light.’ Lord Kelvin
believes that the electromagnetic aether must also gen-
erate gravity [18, 19].
Following Lord Kelvin, we propose an assumption that

the particles that constitute the Ω(1) substratum, are
sinks in the Ω(0) substratum [14, 15]. Thus, according
to a previous theory of gravity [12], the Ω(1) substratum
will also generate gravity. Generalized Einstein’s equa-
tions in a special class of non-inertial reference frames are
derived based on the theory of vacuum mechanics [15]. If
the reference frame is quasi-inertial and the gravitation-
al field is weak, then the generalized Einstein’s equations
reduce to [15]

Rµν − 1

2
gµνR =

κ

g

(
Tm
µν + TΩ(1)

µν

)
, (2)

where Tm
µν and T

Ω(1)
µν are the energy-momentum tensors of

the matter system and the Ω(1) substratum respectively,
g ≡ Det gµν .
Comparing Eqs. (2) and Eqs. (1), it is possible that the

term (κ/g)T
Ω(1)
µν in Eqs. (2) is the origin of the cosmo-

logical term Λgµν in Eqs. (1). According to the theory of
vacuum mechanics [11], light is the transverse wave of the
Ω(1) substratum. Thus, the velocity of light in vacuum is

c =
√
W/ρ1, where W is the shear modulus of the Ω(1)

substratum, ρ1 is the mass density of the Ω(1) substra-
tum [11]. Since c = 2.99792458×108m · s−1 is the largest
velocity of transverse elastic waves in elastic media, it is
possible that the mass density ρ1 of the Ω(1) substra-
tum may be the smallest of elastic media in the universe.
Unfortunately, presently we have no observational data
of the density ρ1. A bold speculation is that the mass
density ρ1 may be of the same order of magnitude of the
cosmic microwave background (CMB) radiation density
ρcmb of the universe. However, the observational value of
the CMB radiation density is ρcmb = 5.38(15)×10−5 ·ρc,
where ρc = 8.545(5)× 10−27kg ·m−3 is the critical mass
density of the universe ([5], p. 138). This value of ρcmb

is too small comparing to the observational value of the
mass density ρΛ = 5.83(16)×10−27kg·m−3 corresponding
to the cosmological constant Λ ([5], p. 138). Therefore,
we have to explore other possible methods to explain the
origin of the cosmological constant Λ.
In 2005, C. G. Böhmer and T. Harko showed that in the

framework of the classical general relativity the presence
of a positive cosmological constant implies the existence
of a minimal mean density [20]

ρmin =
Λc2

16πG
, (3)

where c is the velocity of light in vacuum, G is New-
ton’s gravitational constant. A bold conjecture is that

the mass density ρ1 of the Ω(1) substratum is exactly
ρmin, i.e. ρ1 = Λc2/(16πG). However, the mass den-
sity ρΛ corresponding to the cosmological constant Λ is
[21, 22]

ρΛ =
Λc2

8πG
. (4)

Comparing Eq. (4) and Eq. (3), ρmin is exactly 1/2 of
the density ρΛ. This minimal mass density ρmin is not
sufficient to explain the mass density ρΛ corresponding
to the cosmological constant Λ.

Therefore, there may exist the following three possibil-
ities. The first possibility is that the mass density ρ1 of
the Ω(1) substratum is exactly ρΛ, i.e. ρ1 = Λc2/(8πG).
The second possibility is that, except the Ω(0) and Ω(1)
substratum, there exists a third kind of substratum form-
ing a continuous medium throughout the universe. The
mass density of the third kind of substratum will also
contribute to Λ. The third possibility is that there are
no other kinds of substrata, except the Ω(0) and Ω(1)
substratum. Except the contribution of the Ω(1) sub-
stratum to the cosmological constant Λ, there may exist
other unknown reasons which also contribute to Λ.

Presently, we have no methods to determine the den-
sity ρ1 of the Ω(1) substratum. Thus, we cannot exclude
or conclude the existence of a third kind of continuously
distributed medium in the universe. Therefore, in this
manuscript, we focus on the second possibility. Thus, we
tentatively introduce the following assumption.

Assumption 1 Vacuum is filled with a kind of continu-
ously distributed substance which may be called the Ω(2)
substratum. The particles that constitute the Ω(2) sub-
stratum may be called the Ω(2) particles. The Ω(2) par-
ticles are sinks in the Ω(0) substratum.

Assumption 1 together with the assumptions in the
Appendix provide a mechanical model of vacuum and el-
ementary particles. According to the theory of vacuum
mechanics, there exist gravitational interactions between
two sinks in the Ω(0) substratum [12]. The Ω(1) particles,
the Ω(2) particles and elementary particles are sinks in
the Ω(0) substratum [15]. Thus, there exist gravitational
interactions between the Ω(1) particles, the Ω(2) par-
ticles and elementary particles. Therefore, the energy-

momentum tensor T
Ω(2)
µν of the Ω(2) substratum will also

appear in Eqs. (2). Thus, Eqs. (2) are revised to be

Rµν − 1

2
gµνR =

κ

g

(
Tm
µν + TΩ(1)

µν + TΩ(2)
µν

)
. (5)

Comparing Eqs. (5) and Eqs. (1), it is a natural idea
that the cosmological term Λgµν in Eqs. (1) may stem

from the term (κ/g)
(
T

Ω(1)
µν + T

Ω(2)
µν

)
in Eqs. (5). We

will investigate this clue in the following sections.
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III. GRAVITATIONAL FIELD EQUATIONS IN
VACUUM

The movements of continuously distributed matters
and fields should be studied based on the special the-
ory of relativity [23–25]. Maxwell’s equations are valid
in the frame of reference that is attached to the Ω(1)
substratum [11]. In order to compare our theory with
Newtonian theory of gravitation, which is nonrelativis-
tic, it is better to single out the speed of light c as a large
parameter. Thus, we introduce the following notation

x0 = t, x1 = x, x2 = y, x3 = z, (6)

where {0, x, y, z} is a Cartesian coordinate system for a
three-dimensional Euclidean space that is attached to the
Ω(1) substratum, {0, t} is a one-dimensional time coor-
dinate. We denote this reference frame as S0. If there
are no forces acting on a macroscopic body in the Ω(1)
substratum, then the motion of the body is uniform and
rectilinear. Thus, the reference frame S0 is an inertial
frame in the mechanical sense ([26], p. 15-16; [23], p. 2).
We will use Greek indices α, β, µ, ν, etc., for the range

0, 1, 2, 3 and use Latin indices i, j, k, etc., for the range
1, 2, 3. According to a theorem of V. Fock, the character-
istics of the generalized wave equation, or the d’Alembert
equation

1√
−g

∂

∂xα

(√
−ggαβ ∂ψ

∂xβ

)
= 0, (7)

are ([26], p. 432)

gµν
∂ω

∂xµ
∂ω

∂xν
= 0, (8)

where ψ is a field variable, gµν is a metric tensor, g =
Det gµν , ω(x

0, x1, x2, x3) is a characteristic.
Based on the Maxwell’s equations, the law of propa-

gation of a characteristic of the electromagnetic wave in
the reference frame S0 can be derived and can be written
as ([26], p. 13)

1

c2

(
∂ω

∂x0

)2

−
(
∂ω

∂x1

)2

−
(
∂ω

∂x2

)2

−
(
∂ω

∂x3

)2

= 0, (9)

where ω(x0, x1, x2, x3) is a characteristic of the electro-
magnetic wave, c is the velocity of light in the reference
frame S0.
Since equation (9) for a characteristic of the electro-

magnetic wave in the Ω(1) substratum is the same as e-
quation (8) of the characteristics for the generalized wave
equation (7), the reference frame S0 is an inertial frame
in the electromagnetic sense ([26], p. 16). Thus, we define
an inertial reference frame as a coordinate system which
is static or moving with a constant velocity with respect
to the reference frame S0 [14].
Comparing Eq. (9) and Eq. (8), the contravariant met-

ric tensor gµν must have the following limiting values at

infinity ([26], p. 196)

(g00)∞ =
1

c2
, (10)

(g0i)∞ = 0, (11)

(gij)∞ = −δij , (12)

where δij is the Kronecker symbol.
Eqs. (10-12) can be written as

(gµν)∞ =


1
c2 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 . (13)

The corresponding limiting values of the metric tensor
gµν will be ([26], p. 196)

(g00)∞ = c2, (14)

(g0i)∞ = 0, (15)

(gij)∞ = −δij . (16)

Eqs. (14-16) can be written as

(gµν)∞ =

 c2 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 . (17)

Using Eq. (17), we have (g0)∞ ≡ Det (gµν)∞ = −c2.
Thus, for weak fields, we have g0 ≈ (g0)∞ = −c2, where
g0 is defined by g0 ≡ Det gµν in the coordinate system
S0 ≡ {t, x, y, z}.

Since the Einstein’s gravitational constant κ in Eqs. (5)
is not a dimensionless constant, κ depends on the choice
of coordinate system. In order to determine the Ein-
stein’s gravitational constant κ in the coordinate system
S0 ≡ {t, x, y, z}, we study a weak gravitational field of a
matter system. The relationship between the contravari-
ant energy-momentum tensor Tµν

m and the contravariant
mass tensor Mµν

m of the matter system is

Tµν
m =Mµν

m c2. (18)

Neglecting the terms T
Ω(1)
µν and T

Ω(2)
µν in Eqs. (5) and

using g = g0 ≈ (g0)∞ = −c2 and Eqs. (18), Eqs. (5) can
be written as

Rµν − 1

2
gµνR = −κ0Mµν

m , (19)

where κ0 denotes the Einstein’s gravitational constant κ
in the coordinate system S0 ≡ {t, x, y, z}.

Applying the same method of V. Fock ([26], p. 198-
199), we have

κ0 =
8πG

c2
, (20)

where G is Newton’s gravitational constant.
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Since there are no atoms in vacuum, we have Tm
µν =

0. Applying the rules of raising the indices of tensors,

i.e. Rαβ = gαµgβνR
µν , gαβ = gαµgβνg

µν , T
Ω(1)
αβ =

gαµgβνT
µν
Ω(1), T

Ω(2)
αβ = gαµgβνT

µν
Ω(2), the field equations

(5) in vacuum reduce to

Rµν − 1

2
gµνR =

κ0
g0

(
Tµν
Ω(1) + Tµν

Ω(2)

)
. (21)

IV. ENERGY-MOMENTUM TENSOR OF THE
Ω(1) SUBSTRATUM

The Maxwell’s equations (115-116) in vacuum can be
derived based on a visco-elastic continuum model of the
Ω(1) substratum [11]. Let T1 be the characteristic time
of a macroscopic observer of the Ω(1) substratum. We
may suppose that the observer’s time scale T1 is very
large comparing to the Maxwellian relaxation time τ1 of
the Ω(1) substratum. Therefore, the macroscopic ob-
server concludes that the Ω(1) substratum behaves like a
Newtonian-fluid [11]. Thus, the contravariant mass ten-
sor Mµν

Ω(1)S1 of the Ω(1) substratum in the coordinate

system S1 ≡ {ct, x, y, z} can be written approximatively
as ([26], p. 105)

M00
Ω(1)S1 = ρ1 +

1

c2

(
1

2
ρ1v

2
1 + ρ1Π1

)
, (22)

M0i
Ω(1)S1 =

ρ1v1i
c

+
v1i
c3

(
ρ1v

2
1

2
+ ρ1Π1 + p1

)
, (23)

M ij
Ω(1)S1 =

1

c2
(ρ1v1iv1j + p1δij) , (24)

where ρ1 is the rest mass density of a volume element
of the Ω(1) substratum in a laboratory frame relative
to which the volume element moving with velocity v1,
v1 =

√
v1 · v1, p1 is the pressure of the Ω(1) substratum,

Π1 = −p1
ρ∗1

+

∫ p1

0

1

ρ∗1
dp1, (25)

ρ∗1 = ρ1

√
1− v21

c2
. (26)

The relationships between the contravariant mass ten-
sor Mµν

Ω(1)S1 in the coordinate system S1 ≡ {ct, x, y, z}
and the contravariant mass tensor Mµν

Ω(1) in the present

coordinate system S0 ≡ {t, x, y, z} are ([26], p. 198)

M00
Ω(1) =

1

c2
M00

Ω(1)S1, (27)

M0i
Ω(1) =

1

c
M0i

Ω(1)S1, (28)

M ij
Ω(1) =M ij

Ω(1)S1. (29)

Thus, the contravariant mass tensor Mµν
Ω(1) of the Ω(1)

substratum in the coordinate system S0 ≡ {t, x, y, z} can

be written as

M00
Ω(1) =

ρ1
c2

+
1

c4

(
1

2
ρ1v

2
1 + ρ1Π1

)
, (30)

M0i
Ω(1) =

ρ1v1i
c2

+
v1i
c4

(
ρ1v

2
1

2
+ ρ1Π1 + p1

)
, (31)

M ij
Ω(1) =

1

c2
(ρ1v1iv1j + p1δij) . (32)

Then, for the present coordinate system S0 ≡
{t, x, y, z}, the contravariant energy-momentum tensor
Tµν
Ω(1) =Mµν

Ω(1)c
2 can be written as

T 00
Ω(1) = ρ1 +

1

c2

(
1

2
ρ1v

2
1 + ρ1Π1

)
, (33)

T 0i
Ω(1) = ρ1v1i +

v1i
c2

(
ρ1v

2
1

2
+ ρ1Π1 + p1

)
, (34)

T ij
Ω(1) = ρ1v1iv1j + p1δij . (35)

Assumption 2 Suppose that

⟨ρ1v1iv1j + p1δij⟩ = α0ϕ1δij , (36)

where ⟨ ⟩ denotes the averaged macroscopic value in
the sense of statistical physics from the view point of a
macroscopic observer, ϕ1 is the energy density of a vol-
ume element of the Ω(1) substratum, α0 is a parameter
to be determined.

Einstein’s mass energy formula for a particle can be
written as

E = mc2, (37)

where E is the energy of the particle, m is the mass of
the particle, c is the velocity of light in vacuum.

Applying Einstein’s formula (37) to a volume element
of the Ω(1) substratum, we have

ϕ1 =
mc2

V
=

mrc
2

V

√
1− v2

1

c2

=
ρ1c

2√
1− v2

1

c2

, (38)

where V is the volume of the volume element, mr is the
rest mass of the volume element, v1 is the velocity of the
volume element.

Using Eq. (35), Eq. (36) and Eq. (38), we have

⟨T ij
Ω(1)⟩ =

α0ρ1c
2√

1− v2
1

c2

δij , i, j = 1, 2, 3. (39)

Suppose that v21 ≪ c2. Thus, v21/c
2 ≈ 0. Neglect-

ing those terms of order of 1/c2 in Eq. (33), Eqs. (34)

and Eqs. (39) and using ⟨T ij
Ω(1)⟩ ≈ T ij

Ω(1) in Eqs. (39), a

macroscopic observer will obtain

T 00
Ω(1) ≈ ρ1, (40)

T 0i
Ω(1) ≈ ρ1v1i, (41)

T ij
Ω(1) ≈ α0ρ1c

2δij . (42)
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Using Eqs. (40-42) and Eqs. (14-16), we have

TΩ(1) = gαβT
αβ
Ω(1) ≈ (1− 3α0)ρ1c

2. (43)

V. ENERGY-MOMENTUM TENSOR OF THE
Ω(2) SUBSTRATUM

Let T2 be the characteristic time of a macroscopic ob-
server of the Ω(2) substratum. We may suppose that the
observer’s time scale T2 is very large comparing to the re-
laxation time τ2 of the Ω(2) substratum. Therefore, the
macroscopic observer concludes that the Ω(2) substra-
tum behaves like a fluid. Similarly to the case of the Ω(1)
substratum, the contravariant energy-momentum tensor
Tµν
Ω(2) of the Ω(2) substratum in the present coordinate

system S0 ≡ {t, x, y, z} can be written as

T 00
Ω(2) = ρ2 +

1

c2

(
1

2
ρ2v

2
2 + ρ2Π2

)
, (44)

T 0i
Ω(2) = ρ2v2i +

v2i
c2

(
ρ2v

2
2

2
+ ρ2Π2 + p2

)
, (45)

T ij
Ω(2) = ρ2v2iv2j + p2δij , (46)

where ρ2 is the rest mass density of a volume element
of the Ω(2) substratum in a laboratory frame relative
to which the volume element moving with velocity v2,
v2 =

√
v2 · v2, p2 is the pressure of the Ω(2) substratum,

Π2 = −p2
ρ∗2

+

∫ p2

0

1

ρ∗2
dp2, (47)

ρ∗2 = ρ2

√
1− v22

c2
. (48)

We speculate that the macroscopic behaviors of the
Ω(2) substratum are similar to that of the Ω(1) substra-
tum. Thus, similarly to Assumption 2, we introduce the
following assumption.

Assumption 3 Suppose that

⟨ρ2v2iv2j + p2δij⟩ = α0ϕ2δij , (49)

where ϕ2 is the energy density of a volume element of the
Ω(2) substratum.

Similarly to the case of the Ω(1) substratum, we have

⟨T ij
Ω(2)⟩ =

α0ρ2c
2√

1− v2
2

c2

δij , i, j = 1, 2, 3. (50)

Suppose that v22 ≪ c2. Thus, v22/c
2 ≈ 0. Neglect-

ing those terms of order of 1/c2 in Eq. (44), Eqs. (45)

and Eqs. (50) and using ⟨T ij
Ω(2)⟩ ≈ T ij

Ω(2) in Eqs. (50), a

macroscopic observer will obtain

T 00
Ω(2) ≈ ρ2, (51)

T 0i
Ω(2) ≈ ρ2v2i, (52)

T ij
Ω(2) ≈ α0ρ2c

2δij . (53)

Using Eq. (51-53) and Eqs. (14-16), we have

TΩ(2) = gαβT
αβ
Ω(2) ≈ (1− 3α0)ρ2c

2. (54)

VI. QUASI-STATIC SOLUTIONS OF THE
GRAVITATIONAL FIELD EQUATIONS IN

VACUUM

Since the field is weak, we have g0 ≈ −c2. Thus, the
field equations (21) can be written as ([26], p. 198)

Rµν = −κ0
c2

[
Tµν
Ω(1) + Tµν

Ω(2) −
1

2
gµν

(
TΩ(1) + TΩ(2)

)]
.

(55)
Using Eqs. (10-12), Eqs.(40-43) and Eqs.(51-54), we

have

T 00
Ω(1) + T 00

Ω(2) − 1

2
g00

(
TΩ(1) + TΩ(2)

)
≈ (1 + 3α0)(ρ1 + ρ2)

2
, (56)

T 0i
Ω(1) + T 0i

Ω(2) − 1

2
g0i

(
TΩ(1) + TΩ(2)

)
≈ ρ1v1i + ρ2v2i, (57)

T ij
Ω(1) + T ij

Ω(2) − 1

2
gij

(
TΩ(1) + TΩ(2)

)
≈ (1− α0)(ρ1 + ρ2)c

2

2
δij . (58)

An inertial reference frame is harmonic ([26], p. 370).
For harmonic coordinates, we have approximately ([26],
p. 198)

Rµν = − 1

2c2
∂2gµν

∂t2
+

1

2
∇2gµν , (59)

where ∇2 = ∂2/∂x2 + ∂2/∂y2 + ∂2/∂z2 is the Laplace
operator, i.e.

∇2gµν =
∂2gµν

∂(x1)2
+
∂2gµν

∂(x2)2
+
∂2gµν

∂(x3)2
. (60)

Since we are interested in the quasi-static behaviors of
gµν , we suppose that ([26], p. 198)

∂2gµν

c2∂t2
≈ 0. (61)

Putting Eqs.(56-59) into Eqs.(55) and using Eqs. (61),
we obtain

∇2g00 ≈ −κ0
c2

(1 + 3α0)(ρ1 + ρ2), (62)

∇2g0i ≈ −2κ0
c2

(ρ1v1i + ρ2v2i), (63)

∇2gij ≈ −κ0(1− α0)(ρ1 + ρ2)δij . (64)

Newton’s gravitational potential U0 satisfies the fol-
lowing equation ([26], p. 199)

∇2U0 = 4πG(ρ1 + ρ2). (65)
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Following V. Fock ([26], p. 199), we introduce the fol-
lowing gravitational vector potentials Ui which satisfy

∇2Ui = 4πG(ρ1v1i + ρ2v2i), i = 1, 2, 3. (66)

Proposition 1 Suppose that the following conditions are
valid: (1) U0 ≈ 0 and Ui ≈ 0 at infinity; (2) in the spher-
ical coordinates (r, θ, ψ), U0 and gµν are axially symmet-
ric, i.e. they do not vary with the azimuthal angle ψ; (3)
the contravariant metric tensor gµν depends on r and θ
as the Newton potential U0; (4) the law of propagation
of an electromagnetic wave front, i.e. Eq. (9), is valid in
the reference frame S0 at infinity. Then, the solutions of
Eqs. (62-64) are

g00 ≈ 1

c2
− 2(1 + 3α0)U0

c4
, (67)

g0i ≈ −4Ui

c4
, (68)

gij ≈
[
−1− 2(1− α0)U0

c2

]
δij . (69)

Proof. From Eq. (65), we have

ρ1 + ρ2 =
1

4πG
∇2U0. (70)

Putting Eq. (70) into Eq. (62), we have

∇2(g00 + β0U0) ≈ 0, (71)

where

β0 =
(1 + 3α0)κ0

4πGc2
. (72)

Using Eq. (20), Eq. (72) can be written as

β0 =
2(1 + 3α0)

c4
. (73)

Eq. (71) is a Laplace’s equation. Since U0 and g00

are axially symmetric, a general form of solution of Eq.
(71) can be obtained by using the spherical coordinates
(r, θ, φ) ([27], p. 132)

g00(r, θ) + β0U0(r, θ) ≈
∑
n

(
Anr

n +
Bn

rn+1

)
Pn(cos θ),

(74)
where An and Bn are arbitrary constants, n are integers,
Pn(x) are Legendre’s functions of the first kind which are
defined by

Pn(x) =
1

2nn!

dn

dxn
(x2 − 1)n. (75)

We have assumed that the contravariant metric tensor
gµν depends on r and θ as the Newton potential U0.
Thus, we set n = 0 and Bn = 0 in Eq. (74) and obtain

g00 + β0U0 ≈ A0, (76)

where A0 is a constant to be determined.
Using Eq. (66) and Eq. (20), Eqs. (63) can be written

as

∇2

(
g0i +

4

c4
Ui

)
≈ 0. (77)

Using Eq. (65) and Eq. (20), Eqs. (64) can be written
as

∇2

(
gij +

2(1− α0)

c2
U0δij

)
≈ 0. (78)

Applying similar method in solving Eq. (71) to Eqs.
(77) and Eqs. (78), we have

g0i + β1Ui ≈ A1, (79)

gij + β2U0δij ≈ A2δij , (80)

where A1 and A2 are constants to be determined,

β1 =
4

c4
, β2 =

2(1− α0)

c2
. (81)

Noticing U0 ≈ Ui ≈ 0 at infinity and using Eqs. (10-12)
in Eq. (76) and Eqs. (79-80), we have

A0 =
1

c2
, A1 = 0, A2 = −1. (82)

Thus, the solutions of Eqs. (62-64) are Eq. (76), Eqs.
(79) and Eqs. (80), which can be written as Eqs. (67-69).
�

The covariant metric tensor gµν can be derived from
the contravariant metric tensor gµν and the results are
([26], p. 201)

g00 ≈ c2 + 2(1 + 3α0)U0, (83)

g0i ≈ −4Ui

c4
, (84)

gij ≈
[
−1 +

2(1− α0)U0

c2

]
δij . (85)

VII. A THEORETICAL DERIVATION OF THE
COSMOLOGICAL CONSTANT

We speculate that the Ω(1) and Ω(2) substrata may
be responsible for the so-called dark energy. Following
this idea, we set out to explore the possible value of the
parameter α0 in Eqs. (36) and Eqs. (49).

We have supposed that the velocity v1 and v2 of the
volume element of the Ω(1) substratum, or the Ω(2) sub-
stratum, are small, i.e. v21 ≪ c2 and v22 ≪ c2. Thus,
the terms ρ1v1i and ρ2v2i in Eqs. (41) and Eqs. (52) may
be neglected. Then, according to Eqs. (40-42) and Eqs.
(51-53), we have

Tµν
Ω(1) + Tµν

Ω(2) ≈ (ρ1 + ρ2)c
2


1
c2 0 0 0
0 α0 0 0
0 0 α0 0
0 0 0 α0

 . (86)
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Since v1, v2, ρ1 and ρ2 are small enough, Newton’s
gravitational potential U0 in Eq. (65) and the gravita-
tional vector potentials Ui in Eqs. (66) are small relative
to c2. Thus, the terms involving U0 or Ui in Eqs. (67-69)
may be neglected. Then, using Eqs. (67-69), the con-
travariant metric tensor gµν of the Ω(1) substratum can
be written as

gµν ≈


1
c2 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 . (87)

In Section 2, we speculate that the cosmological
term Λgµν in Eqs. (1) may stem from the term

(κ/g)
(
T

Ω(1)
µν + T

Ω(2)
µν

)
in Eqs. (5). Now comparing E-

q. (86) and Eq. (87), we conjecture that gµν may depend
on Tµν

Ω(1) + Tµν
Ω(2) approximately linearly.

If the general theory of relativity is the correct descrip-
tion of gravity on cosmological scales, then the observed
acceleration of the universe requires a new energy com-
ponent beyond visible matter ([5], p. 490). The cosmic
acceleration could arise from a general form of dark ener-
gy that has negative pressure, typically specified by the
following equation of state ([5], p. 490)

pvac = wϕvac, (88)

where pvac is the pressure of vacuum, ϕvac is the energy
density of vacuum, w is the equation of state parameter.
The observed value of the dark energy equation of state

parameter is w = −1.02831 ([5], p. 139). In 1968, Y. B.
Zeldovich calculated the energy density ϕvac and pressure
pvac of vacuum based on the field theory with relativisti-
cally invariant regularisation procedure. He obtained an
equation of state of vacuum [21, 22]

pvac = −ϕvac, (89)

where the vacuum pressure pvac and energy density ϕvac
are finite.
Eq. (89) predicts a value of the dark energy equation

of state parameter w = −1. This value is consistent with
observed value w = −1.02831 ([5], p. 139).
From Eq. (36) and Eq. (49), we have

⟨ρ1v1iv1j+ρ2v2iv2j+(p1+p2)δij⟩ = α0(ϕ1+ϕ2)δij . (90)

The physical meaning of ⟨ρ1v1iv1j+p1δij⟩ is the macro-
scopic pressure in the Ω(1) substrata. ⟨ρ2v2iv2j + p2δij⟩
is the macroscopic pressure in the Ω(2) substrata. Thus,
the physical meaning of ⟨ρ1v1iv1j+ρ2v2iv2j+(p1+p2)δij⟩
is the macroscopic pressure tensor pvacδij in the Ω(1) and
Ω(2) substrata. Thus, Eq. (90) can be written as

pvac = α0(ϕ1 + ϕ2). (91)

Comparing Eq. (91) with Eq. (89) and Eq. (88), we
conjecture that α0 = −1. Thus, inspired by Eq. (89) and
Eq. (88), we introduce the following assumption.

Assumption 4 α0 ≈ −1.

Applying Assumption 4, Eqs. (86) can be written as

Tµν
Ω(1) + Tµν

Ω(2) ≈ (ρ1 + ρ2)c
2


1
c2 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 . (92)

Putting Eqs. (87) into Eqs. (92), we obtain the follow-
ing relationships

TΩ(1)
µν + TΩ(2)

µν ≈ (ρ1 + ρ2)c
2gµν . (93)

Now we study the gravitational field of a system of
matter, the Ω(1) substratum and the Ω(2) substratum.
We suppose that the gravitational field is weak, i.e. Eq.
(87) is valid. Thus, we have g0 ≈ −c2 and Eqs. (93) are
valid. Putting Eqs. (93) into Eqs. (5) and using g = g0 ≈
−c2, we have

Rµν − 1

2
gµνR ≈ −κ0

c2
Tm
µν − κ0(ρ1 + ρ2)gµν . (94)

Comparing Eqs. (94) and Eqs. (1), we introduce the
following notation

κ =
κ0
c2
, (95)

Λ = κ0(ρ1 + ρ2). (96)

Using Eq. (20), Eq. (96) can be written as

Λ =
8πG(ρ1 + ρ2)

c2
. (97)

Eq. (97) is the theoretical calculation of the cosmo-
logical constant based on the theory of vacuum me-
chanics. Using Eq. (97), it is possible for us to calcu-
late the value of Λ based on observations. The critical
mass density ρc of the universe is ρc = 3H0/(8πG) =
8.545(5) × 10−27kg · m−3, where H0 is the present-day
Hubble expansion rate ([5], p. 138). The dark energy
density parameter is ΩΛ = 0.685(7) ([5], p. 138). Thus,
the mass density ρΛ corresponding to the dark energy is
ρΛ = ΩΛρc = 5.859(7) × 10−27kg · m−3. According to
the mechanical model of vacuum in Section 2, vacuum
is filled with two kinds of continuously distributed sinks
of the Ω(0) substrata, i.e. the Ω(1) and Ω(2) substrata.
Thus, we have

ρvac = ρ1 + ρ2. (98)

Suppose that the mass density ρvac of vacuum is ap-
proximately the mass density ρΛ corresponding to the
dark energy, i.e.

ρvac ≈ ρΛ. (99)

Comparing Eq. (99) and Eq. (98), we have

ρ1 + ρ2 ≈ ρΛ = 5.859(7)× 10−27kg ·m−3. (100)
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We have the following data ([5], p. 137)

c = 2.99792458× 108m · s−1, (101)

G = 6.67430(15)× 10−11m−2kg−1s−2. (102)

Putting Eq. (100-102) into Eq. (97), we have the fol-
lowing theoretical value of the cosmological constant Λthe

Λthe = 1.093(65)× 10−52m−2. (103)

The theoretical value of the cosmological constant Λthe

in Eq. (103) is consistent with the observational value of
the cosmological constant Λobs = 1.088(30) × 10−52m−2

([5], p. 138).

VIII. A THEORETICAL CALCULATION OF
THE MASS DENSITY OF THE Ω(1) AND Ω(2)

SUBSTRATA

The mass density of the electromagnetic aether is an
open problem since eighteenth century [28–30]. From Eq.
(97), we have

ρ1 + ρ2 =
Λc2

8πG
. (104)

Noticing that v21 ≪ c2 and v22 ≪ c2 and using Eq. (38)
and Eq. (104), the energy density ϕ1+ϕ2 of the Ω(1) and
Ω(2) substrata is

ϕ1 + ϕ2 = (ρ1 + ρ2)c
2 =

Λc4

8πG
. (105)

We have an observational data of the cosmological con-
stant Λ ([5], p. 138)

Λ = 1.088(30)× 10−52m−2. (106)

Putting Eq. (101), Eq. (102) and Eq. (106) into Eq.
(104), we have

ρ1 + ρ2 = 5.831(02)× 10−27kg ·m−3. (107)

The mass mp of a proton is ([5], p. 137)

mp = 1.67262192369(51)× 10−27kg. (108)

Comparing Eq. (108) and Eq. (107), the mass densi-
ty ρ1 + ρ2 of the Ω(1) and Ω(2) substrata is equivalent
to that of around 3 protons contained in a box with a
volume of 1.0m3. Unfortunately, we have no methods to
determine the density ρ1 or ρ2 individually.

IX. A POSSIBLE CANDIDATE OF THE DARK
ENERGY

In Section 2, a mechanical model of vacuum and ele-
mentary particles is established. In this model, the Ω(1)
particles, the Ω(2) particles and elementary particles are

sinks in the Ω(0) substratum. Thus, according to the
theory of vacuum mechanics [12], there exist gravitation-
al interactions between the Ω(1) or Ω(2) particles and
elementary particles. Therefore, the gravitational fields
of the Ω(1) or Ω(2) substrata will influence the motion-
s of elementary particles. Thus, the energy-momentum

tensors T
Ω(1)
µν and T

Ω(2)
µν of the Ω(1) and Ω(2) substrata

should also be included in the gravitational field equa-
tions (2).

The dark energy is believed to be responsible for the
observed acceleration of the universe ([5], p. 490). Since
the Ω(1) or Ω(2) substratum is continuously distributed
in vacuum, the gravitational fields of the Ω(1) or Ω(2)
substrata may behave like the so-called dark energy ([5],
p. 490). Indeed, according to Eqs. (93), Eqs. (94) and Eq.
(96), we notice that the origin of the cosmological term
Λgµν in Eqs. (1) may be the energy-momentum tensors

T
Ω(1)
µν +T

Ω(2)
µν of the Ω(1) and Ω(2) substrata. Therefore,

we speculate that the Ω(1) and Ω(2) substrata may be a
possible candidate of the so-called concept of dark energy
([5], p. 490).

Applying Assumption 4, Eq. (91) can be written as

pvac = −(ϕ1 + ϕ2). (109)

Eq. (109) shows that the macroscopic pressure pvac in
the Ω(1) and Ω(2) substrata is negative. From Eq. (88)
and Eq. (89), we notice that this negativeness of the pres-
sure of the Ω(1) and Ω(2) substrata is consistent with the
observational data of the negativeness of the pressure of
dark energy ([5], p. 490) and with theoretical prediction
of the negativeness of the pressure of dark energy [21, 22].

According to the theory of vacuum mechanics [11], the
Ω(1) substratum is the origin of the electromagnetic phe-
nomena. Since light is a special kind of electromagnetic
wave, the light phenomena also stem from the Ω(1) sub-
stratum. Thus, the existence of the Ω(1) substratum is
supported by electromagnetic phenomena [11]. Presently
we cannot determine the density ρ1 of the Ω(1) substra-
tum. Therefore, we cannot exclude the possibility that
the concept of dark energy is a combination of the Ω(1)
and Ω(2) substrata.

X. AN OPINION ON THE COSMOLOGICAL
CONSTANT PROBLEM

The cosmological constant problem arose in the late
1960s [1]. The demonstration of the Casimir effect
[16, 17] in the late 1950s had convinced many physi-
cists of the reality of the zero-point energy of the vac-
uum. In 1968, Y. B. Zeldovich proposed that the s-
calar field associated with the quantum zero-point en-
ergy of the vacuum takes the form of an effective cosmo-
logical constant [21, 22]. Applying the theory of quan-
tum field, he then suggested a lower bound of the cos-
mological constant Λ = 10−6m−2, corresponding to a
mass density of ρΛ = 1020kg · m−3 [1, 21, 22]. Howev-
er, an observational data of the cosmological constant is
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Λ = 1.088(30) × 10−52m−2 ([5], p. 138), corresponding
to a mass density of ρΛ = 5.831(02) × 10−27kg · m−3.
Therefore, quantum field theory predicted a value of the
cosmological constant Λ that was 46 orders of magni-
tude larger than that observed. This theoretical puzzle
is known as the cosmological constant problem [1]. Fur-
thermore, we are also facing two questions: (1) why the
cosmological constant is extremely small; (2) why the
cosmological constant has the specific nonzero value [1].
These two questions are sometimes referred to as the new
cosmological constant problem [1]. A related puzzle is the
coincidence problem, i.e. why that the energy contribu-
tion of the cosmological constant Λ is of the same order
of magnitude as that of matter in today’s universe [1].

By the 1980s, some people thought that an effective
cosmological constant can be written as Λeff = Λ0+Λzp+
Λew+Λqcd, where Λ0 is a nonquantum term, Λzp is a con-
tribution from the zero-point energy of the vacuum, Λew

is a contribution from the electro-weak phase transition,
Λqcd is a contribution from the quantum chromodynam-
ic phase transition [1]. Thus, the cosmological constant
problem had got worse.

Various solutions have been proposed to solve the cos-
mological constant problem [31]. The first class of solu-
tions is to modify the theory of gravitation. The second
class of solutions is to revise the standard model of par-
ticle physics. However, the old and new cosmological
constant problems are still open.

In my opinion, the origin of the cosmological constant
problem may be that the general theory of relativity is a
phenomenological theory of gravity. In the general theo-
ry of relativity, the Einstein’s equations are assumptions
[3, 23, 24]. Although A. Einstein introduced his new con-
cept of gravitational aether ([32], p. 63-113), he did not
derive his equations theoretically based on his new con-
cept of the gravitational aether. Although the general
theory of relativity is a field theory, the definitions of
gravitational fields are not based on continuum mechan-
ics [3, 23, 24, 33]. Because of the absence of a medium
which will transmit gravitational interactions, the gen-
eral theory of relativity does not reveal the mechanism
of gravity. Thus, the general theory of relativity may be
regarded as a phenomenological theory of gravity. Based
on this phenomenological theory of gravity, some peo-
ple thought that all kinds of energy-momentum tensors
should appear as source terms in the Einstein’s equations
(1). It may be this unwarranted belief that leads to the
so-called cosmological constant problem.

The gravitational interaction seems to differ in charac-
ter from other interactions. Except the cosmological con-
stant problem, the existing theories of gravity still face
other difficulties. For instance, attempts to reconcile the
general theory of relativity and quantum mechanics have
met some mathematical difficulties ([34], p. 101). Thus,
it seems that new ideas about the gravitational phenom-
ena are needed. Following Einstein [35], it may be better
for us to keep an open and critical mind to explore all
possible theories of gravity.

In the history of researches of gravity, there exist some
approaches ([36]; [37], page vii; [3], p. 424), which regards
Einstein’s general theory of relativity as a special rela-
tivistic field theory in an unobservable flat spacetime, to
derive the Einstein’s equations. Recently, C. Overstreet
et al. split a cloud of cold rubidium atoms into two atom-
ic wave packets about 25 centimeters apart and subjected
one of the wave packets to gravitational interaction with
a large mass [38]. The results show that the potential of
gravitational field creates Aharonov-Bohm phase shift-
s analogous to those produced by the potential of elec-
tromagnetic field. Therefore, not only the gravitational
fields are real, but also the potentials of gravitational
field have real physical influences on the quantum states
of matter systems. However, neither these special rela-
tivistic field theories ([36]; [37], page vii; [3], p. 424) of
gravity nor the general theory of relativity can provide
a physical definition of the tensorial potential of gravita-
tional fields.

Inspired by these special relativistic field theories [36]
of gravitation, we construct a special relativistic field the-
ory [14, 15] of gravitation in the Minkowski spacetime
based on the theory of vacuum mechanics. Generalized
Einstein’s equations in some special non-inertial reference
frames are derived [14, 15]. If the field is weak and the ref-
erence frame is quasi-inertial, these generalized Einstein’s
equations reduce to Einstein’s equations [14, 15]. Thus,
this new theory [14, 15] of gravitation may also explain
all the experiments which support the general theory of
relativity. There exist some differences between this new
theory of gravitation [12, 14, 15] and the general theory
of relativity. For instance, in this new theory, gravity
is transmitted by the Ω(0) substratum. The tensorial
potential of gravitational field is defined based on spe-
cial relativistic continuum mechanics [14, 15]. Thus, this
new theory [12, 14, 15] of gravitation is established on
the solid bases of the principles of continuum mechanics.
According to this new theory of gravitation, the gravita-
tional field is defined by the velocity field of the Ω(0) sub-
stratum [12]. Thus, the superposition principle of gravi-
tational fields is a corollary of the superposition theorem
of the velocity field of ideal fluids [12]. The gravitation-
al mass is defined by a quantity which linearly depends
on the strength of a sink flow in the Ω(0) substratum
[12]. The tensorial potential of gravitational field is de-
fined by a combination of the tensor of strain rate, the
scalar potential and vector potential of the velocity field
of the Ω(0) substratum [14]. The generalized Einstein’s
equations are derived from the Euler-Lagrange equation-
s of the Lagrangian constructed based on the tensorial
potential of gravitational field [14, 15]. The gravitation-
al interactions between two particles are defined by the
inverse-square attractive interactions between two sinks
caused by fluidic pressure in the Ω(0) substratum [12].
Therefore, the mechanism of gravity may be explained
based on the principles of continuum mechanics.

According to the theory of vacuum mechanics [12], t-
wo sinks in the Ω(0) substratum will gravitate with each
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other. Only those energy-momentum tensors of discrete
or continuously distributed sinks in the Ω(0) substratum
are permitted to act as the source terms in the general-
ized Einstein’s equations (5) [14, 15].
The particles that constitute the Ω(1) and Ω(2) sub-

strata are sinks in the Ω(0) substratum. Thus, the par-
ticles of the Ω(1) and Ω(2) substrata will also gener-
ate gravity [12]. Therefore, only three kinds of energy-

momentum tensor, i.e. Tm
µν , T

Ω(1)
µν and T

Ω(2)
µν , are quali-

fied for the source terms in the generalized Einstein’s e-
quations (5). Not all kinds of energy-momentum tensors
are allowed to act as source terms in the generalized Ein-
stein’s equations (5). Therefore, the zero-point energy of
electromagnetic fields, the energy from the electro-weak
phase transition, the energy from the quantum chromo-
dynamic phase transition, etc., should not act as source
terms in the generalized Einstein’s equations (5). Thus,
the cosmological term Λgµν may not result from the zero-
point energy of electromagnetic fields or other energies.
From Eqs. (94) and Eqs. (93), we notice that the ori-

gin of the cosmological term Λgµν in Eqs. (1) may be the

energy-momentum tensors T
Ω(1)
µν +T

Ω(2)
µν of the Ω(1) and

Ω(2) substrata. Therefore, the origin of the cosmological
constant Λ may be the energy-momentum tensors of the
Ω(1) and Ω(2) substrata. Thus, the smallness of the cos-
mological constant Λ may be explained by the smallness
of the energy-momentum tensors of the Ω(1) and Ω(2)
substrata. Therefore, the old and new cosmological con-
stant problems [1] may be explained based on the new
theory [12, 14, 15] of gravitation.

XI. CONCLUSION

Presently, we have no methods to determine the den-
sity of the Ω(1) substratum. Therefore, we also suppose
that vacuum is filled with a third kind of continuous-
ly distributed substance, which may be called the Ω(2)
substratum. Based on a theorem of V. Fock on the mass
tensor of a fluid, the contravariant energy-momentum
tensors of the Ω(1) and Ω(2) substrata are established.
Quasi-static solutions of the gravitational field equations
in vacuum are obtained. Based on an assumption, rela-
tionships between the contravariant energy-momentum
tensors of the Ω(1) and Ω(2) substrata and the con-
travariant metric tensor are obtained. Thus, the cos-
mological constant is calculated theoretically. The neg-
ativeness of the pressure of the Ω(1) and Ω(2) substra-
ta is consistent with the negativeness of the pressure of
dark energy. Therefore, the Ω(1) and Ω(2) substrata
may be a possible candidate of the dark energy. Accord-
ing to the theory of vacuum mechanics, there exists an
inverse-square attractive force between two sinks in the
Ω(0) substratum. This attractive force may be regard-
ed as the gravitational interaction between elementary
particles. Therefore, only those energy-momentum ten-
sors of discrete or continuously distributed sinks in the
Ω(0) substratum are permitted to act as the source terms

in the generalized Einstein’s equations. Thus, the zero-
point energy of electromagnetic fields is not qualified for
a source term in the generalized Einstein’s equations. In
my opinion, the origin of the cosmological constant prob-
lem may be that the general theory of relativity is a phe-
nomenological theory of gravity. Some people believed
that all kinds of energies should act as source terms in
the Einstein’s equations. It may be that this unwarrant-
ed belief leads to the cosmological constant problem.

Appendix: An introduction of the theory of vacuum
mechanics

According to E. Whittaker, Descartes was the first to
bring the concept of aether into science by suggesting
that it has mechanical properties ([28], p. 2). Sir I. New-
ton pointed out that his inverse-square law of gravitation
did not touch on the mechanism of gravitation ([39], p.
28; [40], p. 91; [41], p. 117). He suggested an explana-
tion of gravity based on the action of an aethereal medi-
um pervading the space ([42], p. 325). In 1861, in order
to obtain a mechanical interpretation of electromagnetic
phenomena, Maxwell established a mechanical model of
a magneto-electric medium ([30], p. 79-84).

In the years 1905-1916, Einstein abandoned the con-
cept of electromagnetic aether in his theory of relativity
([32], p. 27-61). H. A. Lorentz believed that general rel-
ativity could be reconciled with the concept of an ether
at rest. Einstein changed his view later and introduced
his new concept of ether ([32], p. 63-113).

Following these researchers, we propose the following
mechanical model of the universe [11–15].

Matter is composed of molecules. Molecules are con-
structed by atoms. Atoms are formed by elementary par-
ticles. Therefore, the universe is composed of elementary
particles and vacuum. According to Descartes ([28], p.
2), every physical phenomenon could be interpreted in
the framework of a mechanical model of the universe.
Following Descartes’ scientific research program, we need
to establish a mechanical model of vacuum and another
mechanical model of elementary particles. Thus, we in-
troduce the following assumptions [12].

Assumption 5 Suppose that vacuum is filled by an ex-
tremely thin medium which may be called the Ω(0) sub-
stratum.

The idea that microscopic particles are sink flows in a
fluidic substratum has been proposed by J. C. Maxwell
([39], p. 243), B. Riemann ([43], p. 507), H. Poincaré
([44], p. 171) and J. C. Taylor ([45], p. 431-436). Follow-
ing these researchers, we introduce the following assump-
tion [12].

Assumption 6 All the elementary particles were made
up of a kind of elementary sinks of the Ω(0) substratum.
These elementary sinks were created simultaneously. The
initial masses and the strengths of the elementary sinks
are the same.
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These basic sinks of the Ω(0) substratum may be called
monads after Leibniz. Based on Assumptions 5-6 and
other auxiliary assumptions, the force F12 exerted on the
particle with mass m2 by the velocity field of the Ω(0)
substratum induced by the particle with mass m1 is [12]

F12(t) = −γN(t)
m1(t)m2(t)

r2
r̂12 , (110)

where γN(t) = ρ0q
2
0/(4πm

2
0(t)),m0(t) is the mass of mon-

ad at time t, −q0(q0 > 0) is the strength of a monad,
m1(t),m2(t) are the masses of the two particle at time t,
ρ0 is the density of the Ω(0) substratum.
Since the gravitational interactions between sinks in

the Ω(0) substratum are transmitted by this extremely
thin fluid, the Ω(0) substratum may also be called the
gravitational aether. As a byproduct, there exists a uni-
versal damping force [12]

Fd = −ρ0q0
m0

mv (111)

exerted on each particle, m is the mass of the particle,
v is the velocity of the particle relative to the Ω(0) sub-
stratum.
Thomson’s analogies between electrical phenomena

and elasticity helped J. C. Maxwell to establish a me-
chanical model of electrical phenomena ([39], p. 246).
Following J. C. Maxwell, we introduce the following as-
sumption [11].

Assumption 7 Suppose that vacuum is filled with an-
other kind of substance which may be called the Ω(1) sub-
stratum.

The particles that constitute the Ω(1) substratum may
be called the Ω(1) particles. Following Lord Kelvin, we
introduce the following assumption [15].

Assumption 8 The Ω(1) particles and elementary par-
ticles are formed of monads.

Inspired by J. C. Maxwell ([39], p. 243), we introduce
the following assumption [11].

Assumption 9 Electric charges in the universe are
sources or sinks in the Ω(1) substratum.

We may define a source in the Ω(1) substratum as a
negative electric charge and define a sink in the Ω(1) sub-
stratum as a positive electric charge. Based on Assump-
tion 7, Assumption 9 and other auxiliary assumptions,
the equation of momentum conservation of the Ω(1) sub-
stratum can be written as [11]

W∇2u+ (W + λ)∇(∇ · u) = ρ1
∂2u

∂t2
− ρeve

kQ
, (112)

where W is the shear modulus of the Ω(1) substratum,
λ is the Lamé constant, u is the displacement vector, ρ1
is the density of the Ω(1) substratum, ρe is the density
of electric charges, ve is the average speed of electric

charges, kQ is a dimensionless constant, t is time, ∇ =
i∂/∂x + j∂/∂y + k∂/∂z is the Hamilton operator, ∇2 is
the Laplace operator.

It is known that Maxwell’s equations in vacuum can
be transformed to the following equations ([46], p. 240)

∇2φ+
∂

∂t
(∇ ·A) = −ρe

ϵ0
, (113)

∇2A−∇(∇ ·A)− µ0ϵ0
∂

∂t

(
∇φ− ∂A

∂t

)
= −je , (114)

where φ is the scalar electromagnetic potential, A is the
vector electromagnetic potential, ρe is the density field
of electric charges, je is the electric current density, ϵ0 is
the dielectric constant of vacuum, µ0 is magnetic perme-
ability of vacuum.

The surprising similarity between Eq. (112) and E-
q. (114) can be noticed. Indeed, applying Stokes-
Helmholtz resolution theorem of vector field and in-
troducing some auxiliary assumptions, the following
Maxwell’s equations in vacuum can be derived [11]

∇ ·E=ρe
ϵ0
, ∇×E=−∂B

∂t
, (115)

∇ ·B=0 ,
1

µ0
∇×B=je + ϵ0

∂E

∂t
, (116)

where E is the electric field vector, B is the magnetic
induction vector.

Since the electromagnetic interactions between sources
or sinks in the Ω(1) substratum are transmitted by this
medium, the Ω(1) substratum may also be called the elec-
tromagnetic aether. The electromagnetic aether behaves
as a visco-elastic continuum [11]. Maxwell’s equations
approximately describe the macroscopic behaviors of the
Ω(1) particles, in analogy to the way that classical elas-
tic mechanics approximately describes the macroscopic
behaviors of the atoms of solid materials.

Eq. (111) shows that there exists a universal drag force
exerted on each sink of the Ω(0) substratum. Therefore,
each monad, each Ω(1) particle and each microscopic par-
ticle, as sinks in the Ω(0) substratum, will experience a
universal drag force. On the other hand, all the mon-
ads, Ω(1) particles and microscopic particles are expe-
riencing a kind of stochastic force exerted by the Ω(0)
substratum [13]. Thus, these particles are undertaking
some kinds of stochastic movements [13]. Based on this
universal damping force and some auxiliary assumption-
s, microscopic particles are found to obey a generalized
nonrelativistic Schrödinger equation [13].

Therefore, the gravitational phenomena, the electro-
magnetic phenomena and the nonrelativistic quantum
phenomena are explained self-consistently in a unified
theory. For convenience, we may call these theories [11–
15] as the theory of vacuum mechanics.

It is interesting to notice that the gravitational phe-
nomena and the nonrelativistic quantum phenomena
both stem from the interactions between particles and
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the Ω(0) substratum. Gravity and stochasticity are two
intrinsic characters of all microscopic particles.
There exist some unsolved theoretical and experimen-

tal problems in the fields of vacuum mechanics and other

related fields. For instance, what is the physical meaning
of the sources or sinks of the Ω(2) substratum? Is it pos-
sible for us to detect some of the predictions of the theory
of vacuum mechanics by experiments or observations?
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