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We suppose that vacuum is filled with a kind of continuously distributed matter, which may be
called the Q(1) substratum, or the electromagnetic aether. Lord Kelvin believes that the electro-
magnetic aether must also generate gravity. We also suppose that vacuum is filled with another
kind of continuously distributed substance, which may be called the (2) substratum. Based on
a theorem of V. Fock on the mass tensor of a fluid, the contravariant energy-momentum tensors
of the Q(1) and Q(2) substratums are established. Quasi-static solutions of the gravitational field
equations in vacuum are obtained. Based on an assumption, relationships between the contravariant
energy-momentum tensor of the Q(1) and Q(2) substratums and the contravariant metric tensor are
obtained. Thus, the cosmological constant is calculated theoretically. The (1) and Q(2) substra-
tums may be a possible candidate of the dark energy. The zero-point energy of electromagnetic fields
will not appear as a source term in the Einstein’s equations. The cosmological constant problem
is one of the puzzles in physics. Some people believed that all kinds of energies should appear as
source terms in the Einstein’s equations. It may be this belief that leads to the cosmological con-
stant problem. The mass density of the (1) and Q(2) substratums is equivalent to that 31.33195
protons contained in a box with a volume of 1.0m3.
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I. INTRODUCTION II. A BRIEF INTRODUCTION OF THE
THEORY OF VACUUM MECHANICS

It is known that the cosmological constant problem is
one of the puzzles in physics today [1, 2]. Theoretical
interpretation of the small value of the cosmological con-
stant is still open [3].

Descartes interpreted the celestial motions of celestial
bodies based on the hypothesis that the universe is filled
by a fluidic vortex aether [15]. Following Descartes and
Euler [16], we suppose that vacuum is filled by an ex-
tremely thin medium which may be called the (0) sub-
stratum, or the gravitational aether [11]. Thus, two sinks
in the 2(0) substratum are found to attract with each
other according to the inverse-square law of gravitation
[11]. A feature of this theory is that the gravitational
constant depends on time and the location in space.

Thomson’s analogies between electrical phenomena

In 1917, A. Einstein thought that his equations of grav-
itational fields should be revised to be ([4], p. 410)

1 m
R, — §9WR + Agu = —£T),,, (1)

where g,,, is the metric tensor of a Riemannian space-
time, R, is the Ricci tensor, R = g"VR,,, is the scalar
curvature, g"¥ is the contravariant metric tensor, x is E-
instein’s gravitational constant, ¢ is the speed of light in
vacuum, T[L’f/ is the energy-momentum tensor of a matter
system, A is the cosmological constant.

However, it seems that the cosmological constant A
is unnecessary when Hubble discovered the expansion of
the universe. Thus, Einstein abandoned the term Ag,,
in Egs. (1) and returned to his original equations ([4], p.
410).

The value of the cosmological constant A is also related
to the energy-momentum tensor of vacuum ([4], p. 411).
The existences and characters of dark matter and dark
energy [2] are still controversy, refers to, for instance, [5—
9].

The purpose of this manuscript is to propose an in-
terpretation of the cosmological constant and establish a
mechanical model of dark energy based on the theory of
vacuum mechanics [10-14].

and elasticity helped J. C. Maxwell to establish a me-
chanical model of electrical phenomena [15]. Following
J. C. Maxwell, we suppose that vacuum is filled with
a kind of continuously distributed matter which may be
called the Q(1) substratum, or the electromagnetic aether
[10]. The idea that all microscopic particles are sink flows
in a fluidic substratum has been proposed by many re-
searchers in the history, for instance, J. C. Maxwell ([15],
p. 243), B. Riemann ([17], p. 507), H. Poincaré ([18], p.
171), J. C. Taylor ([19], p. 431-436). Thus, we suppose
that electric charges are sources or sinks of the Q(1) sub-
stratum [10]. Maxwell’s equations in vacuum are derived
by methods of continuum mechanics based on a mechan-
ical model of vacuum [10].

We suppose that there exist a kind of basic sinks of
the ©(0) substratum, which may be called monads after
Leibniz [11]. The particles that constitute the (1) sub-
stratum may be called the Q(1) particles. Lord Kelvin
believes that the electromagnetic aether must also gen-
erate gravity [20]. Following Lord Kelvin [20], we sup-
pose that the (1) particles and elementary particles are
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formed of monads [13, 14]. Since monads, the Q(1) par-
ticles, elementary particles are sinks of the Q(0) substra-
tum, they attract with each other according to Newton’s
law of gravitation [11].

There exist an universal drag force exerted on each
sink of the €(0) substratum [11]. Therefore, each mon-
ad, each (1) particle and each elementary particle, as
sinks of the £2(0) substratum, will experience a universal
drag force. On the other hand, all the monads, Q(1) par-
ticles and elementary particles are undertaking stochas-
tic movements. Based on this universal damping force
and some assumptions, microscopic particles are found
to obey a generalized non-relativistic Schrodinger equa-
tion [12].

For convenience, we may call these theories [10-14] as
the theory of vacuum mechanics.

III. POSSIBLE ORIGIN OF THE
COSMOLOGICAL CONSTANT

Lord Kelvin once said [20]:” That there must be a
medium forming a continuous material communication
throughout space to the remotest visible body is a fun-
damental assumption in the undulatory theory of light.”
Lord Kelvin believes that the electromagnetic aether
must also generate gravity [20, 21].

Following Lord Kelvin, we propose an assumption that
the particles that constitute the (1) substratum, are
sinks in the £2(0) substratum [13, 22]. Thus, according to
a previous theory of gravity [11], the (1) substratum will
also generate gravity. Further, generalized Einstein’s e-
quations in a special class of non-inertial reference frames
are derived based on the theory of vacuum mechanics
[22]. If the non-inertial reference frame is quasi-inertial
and the gravitational field is weak, then the generalized
Einstein’s equations reduce to [13, 14, 22]

1 K
Ry — §9WR = g (T/ﬁ + T;?V(I)> ) (2)

where T/}, and 7, f}l,(l) are the energy-momentum tensors
of matter system and the (1) substratum respectively,
g = Det g,

We speculate that the so called dark energy [2] is also a
kind of matter filled in the universe. Thus, we introduce
the following assumption.

Assumption 1 Vacuum is filled with a kind of contin-
uwously distributed matter which may be called the (2)
substratum.

According to Assumption 1, the energy-momentum

tensor T,?,,(Q) of the Q(2) substratum will appear in E-
gs. (2). Thus, Eqs. (2) are revised to be

1
Ry, — iguVR = g (TIL + T;?V(l) + T;?u@)) N C))
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Comparing Egs. (3) and Egs. (1), it is natural for us
to speculate that the cosmological term Ag,, in Egs. (1)

Q(2)

may stem from the term (k/g) (Tl?,,(l) + Ty ) in Eqgs.

(3). We will investigate this clue in the following sections.

IV. GRAVITATIONAL FIELD EQUATIONS IN
VACUUM

The movements of continuously distributed matters
and fields should also be studied based on special relativ-
ity [23-25]. Maxwell’s equations are valid in the frame of
reference that attached to the Q(1) substratum [10]. In
order to compare our theory with Newtonian theory of
gravitation, which is non-relativistic, it is better to single
out the speed of light ¢ as a large parameter. Thus, we
introduce the following notations

2=t =z, 2=y, 2* =z, (4)

where {0, z,y, 2} is a Cartesian coordinate system for a
three-dimensional Euclidean space that attached to the
(1) substratum, {0, ¢} is a one-dimensional time coordi-
nate. We denote this reference frame as Sq(;). An iner-
tial reference frame is defined to be a coordinates system
which is static or moving with a constant velocity relative
to the reference frame S 1y [13].

We will use Greek indices «, 3, i, v, etc., for the range
0,1,2,3 and use Latin indices 4, 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 9
/=7 Oz
is ([26], p. 432)

(V) =0 ©

w2 —o, (©
oz Oxv
where 9 is a field variable, v,, is a metric tensor, v =
Det 7., w(z®, 2!, 22, 2%) is the characteristics.
Based on the Maxwell’s equations, the law of prop-
agation of an electromagnetic wave front in the refer-
ence frame Sq(;) can be derived and can be written as

([26],p13)

1/ 0w\’ Ow \? ow \? ow 2_0 -

c? (&TO) <8x1) (8902) (8&03) =0 (7
where w(a:o, x17 mz, x3) is an electromagnetic wave front,
c is the velocity of light in the reference frame Sq1).

Comparing Eq. (7) and Eq. (6), the contravariant met-
ric tensor g"” must have the following limit values at

infinity ([26], p. 196)

(5%)o0 = (®)
(5) =0, )
(97)o0 = —0ij, (10)
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where d;; is the Kronecker symbol.
Egs. (8-10) can be written as

% 0
0 -1
ing —
@)= o o
0 0

0 O
0 O

o (11)
0 -1

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

(900)s0 = €%, (12)
(gij)oo = *5ij- (14)

Eqgs. (12-14) can be written as

[

C

(15)

0

0

(guu)oo = -1
0

_ o O O

0
-1
0
0

o O O

Using Eq. (15), we have (go)oo = Det (gun)o0 = —c2.

Thus, for weak fields, we have g ~ (go)oo = —c?, where
go is defined by go = Det g,, in the coordinate system
So = {t,z,y, z}.

Since the Einstein’s gravitational constant « in Egs. (3)
is not a dimensionless constant, x depends on the choice
of coordinate system. In order to determine the Ein-
stein’s gravitational constant x in the coordinate system
So = {t,z,y, z}, we study a weak gravitational field of a
matter system. The relationship between the contravari-
ant energy-momentum tensor 74" and the contravariant
mass tensor MM of the matter system is

TH = MK 2. (16)

Neglecting the terms Tgy(l) and Tfy@) in Egs. (3) and
using go ~ (go)eo = —¢? and Egs. (16), Egs. (3) can be
written as

RMY — %g’“’R = —koM}Y, (17)
where k¢ denotes the Einstein’s gravitational constant
k in the coordinate system Sy = {t,z,y, 2}, R*” is the
contravariant Ricci tensor.

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

8rG
2

Ry = . (18)

Since there is no atoms in vacuum, the field equations
(3) in vacuum reduce to

v ]' v HO v v
R~ SR =" (T4t +Tht) - (19)
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V. ENERGY-MOMENTUM TENSOR OF THE
Q(1) SUBSTRATUM

It is known that Maxwell’s equations are valid in the
frame of reference Sq (1) [10]. Let T be the characteristic
time of a macroscopic observer of the (1) substratum.
We may suppose that the observer’s time scale Tj is very
large comparing to the Maxwelllian relaxation time 7 of
the Q(1) substratum. Therefore, the macroscopic ob-
server concludes that the (1) substratum behaves like a
Newtonian-fluid [10]. Thus, the contravariant mass ten-
sor M5€1)51 of the (1) substratum in the coordinate

system Sy = {ct,z,y, 2z} can be written approximatively
as ([26], p. 105)

1 /1
My = p1+ = (2,01112 + p1H1> ; (20)

2
i P1Y; Ui [ P1U
M8(1)51 = ? + 0*3 ( D) + lel +p1) s (21)

i 1
Mg1ye1 = = (prvivj +p1di;) (22)

where p; is the rest mass density of a volume element
of the (1) substratum in a laboratory frame relative
to which the volume element moving with velocity v,
v =4/V - v, p1 is the pressure of the (1) substratum,

P1 1
p—— +/ —dp,, (23)
P1 0o P
pr=pyl- (24)

The relationships between the contravariant mass ten-
sor ML"” in the coordinate system S; = {ct, z,y, z} and
the contravariant mass tensor Mgz'l) in the present coor-

dinate system Sy = {t, z,y, 2} are ([26], p. 198)
1

MS%(()l) = gM8?1)517 (25)
i Lo

Ms%u) = EM8(1)S1: (26)

Mgy = M) (27)

Thus, the contravariant mass tensor M&Vl) of the Q(1)

substratum in the coordinate system Sy = {t, z,y, 2} can
be written as

P1 /1
Moty =@+ (z”l“2+”1ﬂl>’ .
2
i P1V; Vi [ P1U
Mgy = ~3 04( 2 +p1H1+p1>’ 29
. 1
Mgy = Z (1o +pidi) - (30)

Then, for the present coordinate system S, =
{t,gc,y,z}7 the contravariant energy-momentum tensor
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Tgé’l) MQ(I)C can be written as

1 /1
Tty = 1+ 2 (2,01112 + p1H1> ) (31)
: V; 'U2
Toa) = prvi + ;; (p12 + i1l +p1) . (32)
TS{@ = p1vv; + p1dy;. (33)

Assumption 2 We have the following relationships
(p1vivj + p1dij) = Qop1edij, (34)

where () denotes the averaged macroscopic value in
the sense of statistical physics from the view point of a
macroscopic observer, pie s the energy density of a vol-
ume element of the Q(1) substratum, «g is a parameter
to be determined.

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

E =mdc, (35)

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

Applying Einstein’s formula (35) to a volume element
of the (1) substratum, we have

mc? myc?

2
C
pre = oo = =P (30

Voovi-2 -

where V is the volume of a volume element, m,. is the
rest mass of a volume element, v is the velocity of the
volume element.

Using Eq. (33),

Eq. (34) and Eq. (36), we have

(T

aoplc
o) = ——="0ij,1,j = 1,2,3. (37)

c2

Thus, v2/c? ~ 0. Neglect-
1), Egs. (32)
9(1) in Egs. (37), a

We suppose that v? < ¢2.
ing those terms of order of 1/¢* in Eq (3

and Egs. (37) and using <TQ(1)>

macroscopic observer will obtain

Tf(;(()l) ~ pP1, (38)
TSl = p1vi, (39)
ngj(l) ~ (10p1625ij. (40)

Using Eq. (38-40) and Egs. (12-14), we have

TQ(I) = ga,BTQ(l) (1 — 30[0),016 (41)
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VI. ENERGY-MOMENTUM TENSOR OF THE
Q(2) SUBSTRATUM

Let Ty be the characteristic time of a macroscopic ob-
server of the €2(2) substratum. We may suppose that
the observer’s time scale Ty is very large comparing to
the Maxwelllian relaxation time 7 of the Q(2) substra-
tum. Therefore, the macroscopic observer concludes that
the ©(2) substratum behaves like a fluid. Similar to the
case of the Q(1) substratum, the contravariant energy-
momentum tensor TS‘;E'Z) of the (2) substratum in the

present coordinate system Sy = {t,z,y,2} can be writ-
ten as

1 /1
Tsolt()g) = p2 —+ *2 (2p21)2 + ngz) s (42)
v
Ty = p2vi + = 2 <,022 + p2lla +p2> ;o (43)
Téj(g) = pav;v; + p2dij, (44)

where po is the rest mass density of a volume element
of the Q(2) substratum in a laboratory frame relative
to which the volume element moving with velocity v,
v = 4/V -V, po is the pressure of the Q(2) substratum,

P2 1
m =224 / = dps, (45)
Pz 0o P
* ’02
pa=p2\[1— 3 (46)

Assumption 3 We have the following relationships
(p2vivj + padij) = aop2edij, (47)

where pse is the energy density of a volume element of
the Q(2) substratum, «g is a parameter to be determined.

Similar to the case of the (1) substratum, we have

>:M5m, Lj=1,23.  (48)

02

(Tea)

Neglecting those terms of order of 1 /02 in Eq. (42)
Eqgs. (43) and Egs. (48) and using (T5.,) ~ T}

Q(2) o) !
Eqgs. (48), a macroscopic observer will obtain
TS%(()Q) ~ P2, (49)
Tgl(z) ~ p2vi, (50)
ngj(z) ~ ()40,02(22(51']'. (51)
Using Eq. (49-51) and Egs. (12-14), we have
TQ(Q) = gaﬂTQ(Q) ( — 30[0)/)282. (52)
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VII. QUASI-STATIC SOLUTIONS OF THE
GRAVITATIONAL FIELD EQUATIONS IN
VACUUM

Since the field is weak, we have gy ~ —c?. Thus, the

field equations (19) can be written as ([26], p. 198)

v Ko v v 1 v v
R = =50 |The, + Tty — 59" (TQ(l) +Tg(2))].
(53)
Using Eqgs. (8-10), Eqgs.(38-41) and Egs.(49-52), we
have

1
Toty + Tty — 59 (Taa) + Tog)

2
(1+3a0)(p1 + p2)

~ 4
Netrs) ()

) ) 1 ..

07 07 01

Top +Toe) — 59 (Taq) + Tog)

~ (p1 + p2)vi, (55)

1 .
59" (Toq) + Tow)

_ (1 —ag)(p1 + p2)c®
2

Inertial reference frames are harmonic. For harmonic
coordinates, we have approximately ([26], p. 198)

Ton +Top) —

5. (56)

1 aQQMu
2¢2 Ot?

where V2 = 92/92% + 0?/0y* + 92/0z? is the Laplace
operator, i.e.,

R =

1
+ §v29W, (57)

629;“/ 82g;uz 629,u1/
2 pv _
V<g FIEDE + 92)? + D) (58)

Since we are interested in the quasi-static behavior of
g"”, we suppose that ([26], p. 198)
829”’/
o2
Putting Eqs.(54-57) into Egs.(53) and using Egs. (59),
we obtain

(59)

K
Vg% &~ —C—g(l +3a0)(p1 + p2), (60)
) 2K
V2g% ~ *0720(;71 + p2)vi, (61)
V29" ~ —ko(1 — ap)(p1 + p2)dij- (62)

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

V2Uy = 4G (p1 + p2), (63)

where G is Newton’s gravitational constant.
Following V. Fock ([26], p199), we introduce the fol-
lowing gravitational vector potentials U; which satisfy

VQUi = 47TG(p1 + p2)vi7i = 17 27 3. (64)

d0i:10.20944/preprints201912.0287.v2

Proposition 4 Suppose that the following conditions are
valid: (1) Uy =~ 0 and U; = 0 at infinity; (2) in the spher-
ical coordinates(r,8,1), Uy and g" are azially symmet-
ric, i.e., they do not vary with the azimuthal angle ¥; (3)
the contravariant metric tensor g"” depends on r and 6
as the Newton potential Uy; (4) the law of propagation of
an electromagnetic wave front, i.e., Eq. (7), is valid in
the reference frame Sq1) at infinity. Then, the solutions
of Eq. (60-62) are

gOO 1 (2 + 60[0)U0

~ 2 a4 (65)
; 4U;
9" ~ A (66)
i 2 — 2a0)U,
g” ~ [—1 + 7( 2040) 0 5” (67)
c
Proof of Proposition 4. From Eq. (63), we have
1
= —V?U. 68
P1 G 0 (68)
Putting Eq. (68) into Eq. (60), we have
VQ(QOO + BoUy) =~ 0, (69)
where
(]. + 3&0)/43
= 70
bo= "7z (70)
Using Eq. (18), Eq. (70) can be written as
2+ 60[0
Bo = a (71)

Eq. (69) is a Laplace’s equation. Since Uy and
g% are axially symmetric, a general form of solution
of Eq. (69) can be obtained by using the spherical

coordinates(r, 6, ) ([27], p. 132)

B
9% (r,0) + BoUs(r, 0) = Z (Anr” + r"+1) P, (cosb),

n
(72)
where A, and B,, are arbitrary constants, n are integers,
P, (x) are Legendre’s functions of the first kind which is
defined by

1 ar
T onpldgn

P () (a* =)™ (73)

We have assumed that the contravariant metric tensor
g depends on r and 6 as the Newton potential Uj.
Thus, we set n =0 and B,, =0 in Eq. (72) and obtain

9% + Bolo ~ Ao, (74)
where A is a constant to be determined.

Using Eq. (64) and Eq. (18), Egs. (61) can be written
as

;4
V2 <go + C4Ui> ~ 0. (75)
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Using Eq. (63) and Eq. (18
as

), Egs. (62) can be written

o 2=2
V2 (g” += a0 anw) ~ 0. (76)
Applying similar method in solving Eq. (69) to solve

Egs. (75) and Eqs. (76), we have

9" + BiU; = Ay, (77)
g + B2Un0i; = A2dij, (78)
where A; and A, are constants to be determined,

4 2— 2a
51 = 0747 52 0

(79)

Noticing Uy = U; = 0 at infinity and using Egs. (8-10),
we have

Ay= =, A =0, Ay = (80)

2’

Thus, the solutions of Egs. (60-62) are Eq. (74), Egs.
(77) and Egs. (78), which can be written as Eqs. (65-67).
([

The variant metric tensor g,,, can be derived from the
contravariant metric tensor g"” and the results are ([26],
p. 201).

goo ~ ¢ — (2+ 6a0) U, (81)
4U;
goi ~ — C4 3 (82)
2 — 200)U

VIII. A THEORETICAL DERIVATION OF THE

COSMOLOGICAL CONSTANT

We speculate that the (1) and ©(2) substratums may
be responsible for the so called dark energy. Following
this idea, we set out to explore the possible value of the
parameter ap in Eqgs. (34) and Eqgs. (47).

We have supposed that the velocity v of the volume
element of the Q( ) substratum or the Q(2) substratum,
is small, i.e., v2 < ¢2. Thus, the terms pyv; in Eqgs. (39)
and Eqgs. (50) may be neglected Then according to Egs.
(38-40) and Egs. (49-51), we have

Tfl;z/l) Tgé) ~ (Pl + ,02)02 (84)

o o oM

0 0 O

(7)) 0 0
0 ap O
0 0 «

Since v, p; and po are small enough, Newton’s grav-
itational potential Uy in Eq. (63) and the gravitational
vector potentials U; in Eqgs. (64) are small relative to 2.
Thus, the terms involving Uy or U; in Eq. (65-67) may

d0i:10.20944/preprints201912.0287.v2

be neglected. Then, the contravariant metric tensor g**
of the Q(1) substratum can be written as

4

(e}

72
g ~

0 0
0 0
1 0 (85)
0 -1

s 0
0 -1
0 0 —
0 0

In section III, we speculate that the cosmologi-
cal term Ag,, in Egs. (1) may stem from the term
(e/90) (T + 72
(84) and Eq. (85), it is natural for us to speculate that
g"” may depends on TQ(U +T,?,,(2) approximately linearly.
Therefore, we introduce the following assumption.

) in Egs. (3). Now comparing Eq.

Assumption 5 ag =~ —1.

Comparing Eq. (84) and Eq. (85) and applying As-
sumption 5, we obtain the following relationships
T + T3 & (o1 + p2) ¢ g (86)
Now we study the gravitational field of a system of
matter, the Q(1) substratum and the ©(2) substratum.
We suppose that the gravitational field is weak, i.e., Eq.
(85) is valid. Thus, we have gy ~ —c? and Egs. (86) are
valid. Putting Egs. (86) into Egs. (3) and using go ~ —c?,
we have

1 KO vm
R/w — §9WR ~ —0—2TW - Ho(Pl + ,02)9uv- (87)

Comparing Eqgs. (87) and Egs. (1), we obtain the fol-
lowing relationship

A = ro(p1 + p2). (88)
Using Eq. (18), Eq. (88) can be written as

81G(p1 +p2)

A= 2

(89)

IX. A THEORETICAL CALCULATION OF THE
MASS DENSITY OF THE Q(1) AND Q(2)
SUBSTRATUMS

The mass density of the electromagnetic aether is an
open problem since eighteenth century [16, 28, 29]. From
Eq. (89), we have

Ac?

G (90)

p1+ p2 =
Thus, the energy density p1e+ p2e of the Q(1) and Q(2)

substratums is

Ac*
8rG’

P1e + p2e = (p1 + p2)c? = (91)
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We have the following data [30-32]

A

C

1.088(30) x 10™52m~2,
2.99792458 x 108m - s 1,
G = 6.67430(15) x 107" m~%kg " 's72.  (94)

—~~
Nel
)

~—

—~~
Nej
w

=

Using these data, we obtain

p1+p2 = 5.24065 x 10™*%kg - m 3, (95)
ple + poe = 4.41006 x 10727 - m~3. (96)

The mass my, of a proton is [30-32]
mp, = 1.67262192369(51) x 10~ *"kg. (97)

Comparing Eq. (97) and Eq. (95), the mass density
of the Q(1) and Q(2) substratums is equivalent to that
31.33195 protons contained in a box with a volume of
1.0m3.

X. A POSSIBLE CANDIDATE OF THE DARK
ENERGY

According to Assumption 5, Egs. (87) and Egs. (86),
the origin of the cosmological term Ag,, in Egs. (1) is
the energy-momentum tensors T,?y(l) + T,?V(Q) of the (1)
and €(2) substratums. Therefore, the (1) and Q(2)
substratums may be a candidate of the so called concept
of dark energy [2].

Applying Assumption 5, Eq. (36), Egs. (34) and Egs.
(47), we have

(ot pa)e

((p1 + p2)vivs + (p1 + p2)dij) = ij- (98)

The physical meaning of ((p1 + p2)viv;) is the macro-
scopic dynamical pressure in the (1) and Q(2) substra-
tums. ((p1 + p2)di;) is the macroscopic static pressure.
Thus, the physical meaning of ((p1+4p2)viv;+(p1+p2)dij)
is the macroscopic total pressure in the (1) and €2(2)
substratums. Egs. (98) show that the macroscopic total
pressure in the (1) and 2(2) substratums is negative.
This negativeness of the pressure of the (1) and €2(2)
substratums coincides with the negativeness of the pres-
sure of dark energy. Thus, the Q(1) and (2) substra-
tums may be a possible candidate of the dark energy.

XI. AN OPINION ON THE COSMOLOGICAL
CONSTANT PROBLEM

Various solutions have been proposed to solve the cos-
mological constant problem [33]. 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.

doi:10.20944/preprints201912.0287.v2

According to the theory of vacuum mechanics [11,
13, 22], two sinks in the ©(0) substratum will gravitate
with each other. The particles that constitute the (1)
and (2) substratums are sinks in the ©(0) substratum.
Thus, the particles of the Q(1) and ©(2) substratums will
also generate gravity [11]. Therefore, only three kinds

of energy-momentum tensor, ie., 7))}, T,?l,(l) and Tﬁ,@),
will appear as source terms in the generalized Einstein’s
equations (3). Not all kinds of energies will appear as
source terms in the generalized Einstein’s equations (3).
The zero-point energy of electromagnetic fields will not
appear as a source term in the generalized Einstein’s e-
quations (3).

From Egs. (87) and Egs. (86), we notice that the origin
of the cosmological term Ag,,, in Egs. (1) is the energy-

momentum tensors T,?,,(l) + T,?l,(z) of the (1) and Q(2)
substratums. Thus, the cosmological term Ag,,, may not
result from the zero-point energy of electromagnetic field-
S.

However, some people believed that all kinds of ener-
gies should appear as source terms in the Einstein’s e-
quations. It may be this belief that leads to the so called
cosmological constant problem.

XII. CONCLUSION

Thomson’s analogies between electrical phenomena
and elasticity helped J. C. Maxwell to establish a me-
chanical model of electrical phenomena. Following J. C.
Maxwell, we suppose that vacuum is filled with a kind
of continuously distributed matter which may be called
the (1) substratum, or the electromagnetic aether. Lord
Kelvin believes that the electromagnetic aether must also
gravitate with each other and matter. We also suppose
that vacuum is filled with a kind of continuously dis-
tributed matter, which may be called the Q(2) substra-
tum. According to a theorem of V. Fock on the mass ten-
sor of a fluid, the contravariant energy-momentum ten-
sors of the Q(1) and €2(2) substratums 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
tensor of the Q(1) and 2(2) substratums and the con-
travariant metric tensor are obtained. Thus, the cosmo-
logical constant is calculated theoretically. Therefore, the
(1) and Q(2) substratums may be a possible candidate
of the dark energy. As a byproduct, the mass density of
the Q(1) and Q(2) substratums is calculated theoretical-
ly and is equivalent to that 31.33195 protons contained
in a box with a volume of 1.0m?. The zero-point energy
of electromagnetic fields will not appear as a source ter-
m in the Einstein’s equations. The cosmological constant
problem is one of the puzzles in physics. Some people be-
lieved that all kinds of energies should appear as source
terms in the Einstein’s equations. It may be this belief
that leads to the cosmological constant problem.
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