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Abstract
We establish a dynamic effective model for explaining the accelerated expansion
of the universe. The model is based on the quantum theory of gravity that predicts the
existence of the negative gravitational charges. We show that the results of this model
are equivalent to that of the dark energy models, and therefore, consistent with the
observations. We suggest that the accelerated expansion of the universe is an
observational evidence of the existence of the negative gravitational charges. This
model predicts that the universe filled with negative gravitational charges is
accelerated collapse. Moreover we propose an alternative physical interpretation that
the cosmological constant is equivalent to the negative gravitational charges as a
source of gravitational fields. This interpretation avoids the fine-tuning problem. This
dynamic model predicts that the equation of state, the cosmological constant and the
acceleration of the expansion of the universe are time dependent.
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Keywords: dark energy; cosmological constant; negative gravitational charge; repulsive
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1. Introduction
The remarkable observations have disclosed the accelerated expansion of our
universe [1]. To explain this fact, a number of approaches have been proposed; in
particular, models of dark energy have been adopted ([2] and reference wherein).
However, the fundamental physical mechanism of the accelerated expansion of the
universe remains unclear.
Recently	
   a	
   gauge	
   theory	
   of	
   gravity	
   with	
   the	
   internal	
   U	
   (1)	
   symmetry	
   is	
  
proposed	
   [3].	
   The	
   quantization	
   of	
   this	
   gauge	
   theory	
   of	
   gravity	
   predicts	
   the	
  
existence	
  of	
  negative	
  gravitational	
  charges.	
  The positive and negative gravitational
charges are defined as Q !! =    G  m! =    G  m! and Q !! =    −   G  m! =    −   G  m! ,
respectively. Where m! and m! are the inertial rest and gravitational mass,
respectively；G is the gravitational constant. When one gravitational charge is defined
as positive, then the gravitational charge that repels it would be negative. According
to this theory, two “negative gravitational charges” attract each other in the same way
that two “positive gravitational charge” do. For convenience, let’s define the
gravitational charges carried by the ordinary matters as the positive gravitational
charges.
One of predictions of this quantum theory of gravity is that “positive gravitational
charge” and “negative gravitational charge” repels each other. This theoretical
prediction of the repulsive gravitational force suggests us to establish a dynamic
model for the accelerated expansion of our universe.
2. Gravitodynamics of Positive and Negative Gravitational Charges
Based on the Precise Equivalence Principle, the gauge theory of gravity with the
internal U (1) symmetry has been proposed [3]. The field equations of positive
gravitational charges are as the following,
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Letters with subscripts “g” and “ + ” denotes variables related to positive
!"

!

gravitational charges. The F!!      ≡    ∂! A!!! −    ∂! A!! and A!!! are the gravitational
field strength and 4-potential, respectively, generated by the positive gravitational

!

4-currents J!! .
!

J!! = ρ!! , 𝐉!! .
The ρ!! and 𝐉!! are the charge density and current of positive gravitational charges,
respectively.
Note Eq. (1) and Eq. (2) describe the gravitational fields generated by positive
gravitational charges only. Under weak field approximation, the linearized Einstein
equations of gravity have the form same to that of Eq. (1) and Eq. (2) [4].
Then this gauge theory of gravity is quantized [3]. This quantum theory of gravity
predicts the existence of negative gravitational charge.
Now let’s derive the field equations of negative gravitational charges. The
negative gravitational charges generate the gravitational fields in the same way that
the positive gravitational charges do. The Lagrangian is,
!
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!

L! =   −   !     F!! F!!"! −     4πA!!!   J!! .

(3)

Eq. (3) gives the field equations of gravity with negative gravitational charges as the
source as the following,
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Letters with subscripts “g” and “−” denote variables related to negative
!"

!

gravitational charges. The F!!   ≡    ∂! A!!! −    ∂! A!! and A!!! are the gravitational
field strength and gravitational 4-potential, respectively, generated by the negative
!

!

gravitational 4-currents J!! and J!! = ρ!! , 𝐉!! . The ρ!! and 𝐉!! are the density
and current of negative gravitational charges, respectively.
We can write the complete set of field equations of gravity with both positive and
negative gravitational charges as the sources. Combining Eqs. (1, 2, 4 and 5), we have
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In vector terms, Eq. (6) and Eq. (7) become
∇    ∙ 𝐠 𝐓 =    −  4π  ρ!" ,
∇  ×  𝐁𝐠𝐓   ＝   −   4π  𝐉!"    +   

(8)
𝛛𝐠 𝐓
𝛛𝐭

,

(9)

∇    ∙ 𝐁𝐠𝐓 = 0,
∇  ×  𝐠 𝐓   ＝ −   

(10)
𝛛𝐁𝐠𝐓
𝛛𝐭

,

(11)

Letters with subscripts “T” denote variables related to the combination of positive and
negative gravitational charges. The 𝐠 𝐓 is the generalized Newtonian gravitational
!"

field; 𝐁!" is the gravitomagnetic field. The F!" is the gravitational field strength
!

generated by the total gravitational 4-current, J!" = (ρ!" , 𝐉!" ), where
!

!

!

J!"    ≡ J!! + J!! ,

(12)

ρ!"    r, t    ≡    ρ!!    r, t +    ρ!!    r, t ,

(13)

𝐉!"    ≡    𝐉!! r, t    +    𝐉!! r, t .

(14)

The ρ!" is the density of total gravitational charges; 𝐉!" is the total gravitational
current.
The Lagrangian for a test body with the gravitational charge Qg is
𝐕!

L! =        −m! C ! 1 −    !! +    Q !   𝐀!" ∙ 𝐕 −    Q ! ϕ!" .

(15)

The equation of motion is
!𝐏
!"

=    Q !   𝐠 𝐓 +   Q !   𝐕  ×  𝐁!" .

(16)

Where Q ! is either the positive or negative gravitational charge of test bodies.
Eqs. (6, 7 and 16) are the equations of gravity and in the form same to that of
Maxwell equations. Note, with the positive and negative gravitational charges, the
similarities between gravitational and electromagnetic fields are complete （Table）:
Table: Comparisons between Electromagnetic and Gravitational Fields
Electromagnetic fields

Gravitational fields

Long-range;

Long-range;

inverse-square-law:

inverse-square-law:

Force

!𝐏
!"

=    Q !   𝐄 +   Q !   𝐕  ×  B

!𝐏
!"

=    Q !   𝐠 𝐓 +   Q !   𝐕  ×  𝐁!"

Coulomb／Newton-type

∇    ∙ 𝐄   =

∇    ∙ 𝐠 𝐓   ＝  

field

4π  (ρ!＋   ＋  ρ!－ )

  −  4π（ρ!＋   ＋  ρ!! ）

Magnetic-type

Magnetic field：

Magnetic-type

field

B

gravitational field：Bg

Charges

Positive and negative

Positive and negative

Electric charges

gravitational charges

The ρ!＋ and ρ!! are the densities of the positive and negative electric charges,
respectively. Qe is the electric charge of the test body.
Eqs. (6, 7 and 16) form a complete set of equations for both positive and negative
gravitational charges; call it Gravitodynamics. Gravitodynamics shows that the
gravitational force between bodies carrying gravitational charges with the same
polarity is attractive and predicts that the gravitational force between bodies carrying
gravitational charges with the opposite polarity is repulsive.
3. A Dynamic Model
Taking into account the repulsive gravitational force predicted by
Gravitodynamics, we establish a dynamic model to explain a particular situation, i.e.,
the accelerated expansion of the universe. For this aim, we assume that our universe is
filled with both positive and negative gravitational charges. For convenience, let’s
separate the universe into two sub-universes: one is filled with positive gravitational
charges, call it the positive universe; another one is filled with negative gravitational
charges, call it the negative universe. Those two sub-universes are overlapped.
Let’s consider gravitational fields of a spherical distribution (Fig. 1) of uniformly
mixed negative and positive gravitational charges.
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Fig. 1
Eq. (8) gives
∇ ∙ 𝐠 𝐓 =    −  4π[ρ!!    r, t +   ρ!!    r, t ].

(17)

Note one of the differences between Eq. (17) and Newton’s equation is that
Newton’s equation only describes the gravitational field of positive gravitational

charges, i.e., does not have negative gravitational charges as the source of gravity.
Eq. (17) gives the gravitational field at r,
𝐠 𝐓 =    −  

[!!!    !,!   !  !!!    !,! ]!! !
!!

.

(18)

Assuming the distributions of both the negative and positive gravitational charges
are approximately uniform, respectively, then we have the gravitational field 𝐠 𝐓 at r,
𝐠 𝐓 =    −  

!" !
!

  r    [ρ!! t −   ρ!! t ].

(19)

Where
ρ!! ≡    −   G  ρ!! ,
ρ!! ≡    G  ρ!! .
The ρ!!   (  > 0) and ρ!! (  > 0) are the mass densities of negative and positive
gravitational charges, respectively.
The effect of the gravitational field 𝐠 𝐓 on a non-relativistic body carrying
positive gravitational charge, Q !! =    G  m! , at a given r, is described by Eq. (16).
Substituting Eq. (19) into Eq. (16), we have
! !!!
! !! !

   =    −  

!"!
!

  ρ!! t +   

!"!
!

ρ!! (t).

(20)

Here we ignore the effects of the gravitomagnetic field 𝐁!" .
For a body carrying negative gravitational charge, Q !! =    −   G  m! , Eq. (16)
gives
!
!

   =   

!"!
!

  ρ!! t −   

!"!
!

ρ!! (t).

(21)

Eq. (19) indicates that there are three situations:
First situation:   ρ!!    >      ρ!! , we have
𝐠 𝐓 = −  

!" !
!

  𝑟     ρ!! t −   ρ!! t    < 0.

This case corresponds to an accelerated collapse of the positive universe.
Second situation:   ρ!! =      ρ!! , we have
𝐠 𝐓 = 0.
This case corresponds to a static positive universe.
Third situation:
ρ!!    >      ρ!! ,
we have

(22)

𝐠 𝐓 =   

!" !

  𝑟     ρ!! t −   ρ!! t    > 0.

!

(23)

The observational data show that the positive universe is one of the third
situations. For this situation, Eq. (20) becomes,
!
!

   =    −  

!"!
!

  ρ!! t −   ρ!! (𝑡)      >   0.

(24)

Eqs. (23 and 24) implies that a body carrying positive gravitational charge is
pushed away from the center of the distribution with acceleration. In other word, the
positive universe is expanded with acceleration. Moreover, the mass density, ρ!! , of
the positive gravitational charge in a ball of radius r decreases continuously with time,
thus both the total gravitational field 𝐠 𝐓 and the acceleration are increasing with time.
Moreover, the dynamic model, Eq. (17 and 24), gives the Hubble parameter H,
! !

H! ≡

!

=   

!"!
!

  ρ!! t −   ρ!! t ,

(25)

The comparison between Eq. (24) and the current (t0) observational data of the
accelerated expansion and the flatness of the positive universe suggests that the
current ratio of the negative to the positive gravitational charges ranges around 3,
!!! (!! )
!!! (!! )

   ≈   3.

(26)

Then Eq. (24) becomes
!
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   =   
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   =   
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!

  ρ!! t ! ,

(27)

  ρ!! t ! .

(28)

or
!
!

!

Substituting Eq. (26) into Eq. (25), we have the present Hubble constant,
H ! (t ! ) =   

!"#!
!

ρ!! (t ! ).

(29)

For the third situation, Eq. (21) for a body carrying negative gravitational charge
becomes,
!
!

   =    −

!"!
!

  ρ!! t +   

!"!
!

ρ!! (t)    <   0.

(30)

Eq. (30) implies that a body carrying negative gravitational charge is attracted toward
to the center of the distribution, which leads to the accelerated collapse of the negative
universe. Thus, the mass density, ρ!! , of the negative gravitational charge in the ball
of radius r continuously increases with time. Therefore the total gravitational field 𝐠 𝐓
increases with time.
The total mass density and the net charge density of positive and negative

gravitational charges in the ball of radius r are time dependent. We will discuss in
detail in section 5.
Eqs. (16, 17 and 22) form a dynamical model that explains the accelerated
expansion of the positive universe and predicts the accelerated collapse of the
negative universe.
4. Comparison between Dynamic Model and Existing Models
There are difficulties in understanding dark energy models, such as the physical
origin of negative pressure and fine-tuning problem. We emphasize that the dark
energy models are based on the concept that there are only positive gravitational
charges. By introducing the negative gravitational charges, we show in this section
that the dynamic model proposed in this article is equivalent with those models in
explaining the accelerated expansion of the positive universe but without those
difficulties of the dark energy models.
4.1. Dark Energy Model
First let’s review the dark energy model. In order to explain the accelerated
expansion of the universe, based on Einstein’s equation
!

R !" −    !   𝑔!"   R = 8πGT!" ,

(31)

the dark energy model is proposed. Note one of the differences between the Eq. (17)
of the dynamic model and Einstein’s equation is that Einstein’s equation only
describes the gravitational field of positive gravitational charges, i.e., does not have
negative gravitational charges as the source of gravity.
Employing the FRW metric and taking K = 0, one has [2]
!(!)
!(!)

   =    −

!"!
!

(ρ!! + 3p).

(32)

The equation of state is
ω =    !

!
!!

.

(33)

The “a (t)” is a scale factor. To explain the accelerated expansion of the universe,
pressure p must be negative. To explain the negative pressure p, the concept of dark
energy is introduced [2]. However there is no commonly accepted explanation on
physical mechanism generating negative pressure.
Let’s assume
!

p =    −   !   ρ!! .

(34)

Then Eq. (24) and Eq. (32) are equivalent. Eq. (34) implies that the repulsive effect
between positive and negative gravitational charges is equivalent to that of negative
pressure. Therefore the negative pressure of dark energy is equivalent to the mass
density of the negative gravitational charge, which provides a physical interpretation
of the negative pressure.
Therefore we suggest that the dynamic model is equivalent to the dark energy
model and explains the accelerated expansion of the universe.
4.2 Cosmological Constant Model
One way to explain the repulsive effect is to introduce the cosmological constant.
According to the modified Einstein equation with the cosmological constant Λ,
!

R !" −    !   𝑔!"   R = 8πGT!" −    𝑔!"   Λ,

(35)

one has [2],
∇ ∙ 𝐠 =    −  4πGρ!!    +   Λ.

(36)

Note one of the differences between Eq. (17) and modified Einstein’s equation,
Eq. (36), is that Einstein’s equation only describes the gravitational field of positive
gravitational charges, i.e., does not include negative gravitational charges as the
source of gravity. However, as shown below, the cosmological constant can be
physically explained as the negative gravitational charges and is time dependent.
In the FRW metric, Eq. (35) gives
!
!

   =    −

!"!
!

!

   ρ!! + 3p +    ! ,

(37)

The cosmological constant Λ satisfying the following relation
!
!"!

   > (ρ!! + 3p),

(38)

presents the net repulsive effect. This is the cosmological constant model.
However, the cosmological constant is interpreted as originating from a vacuum
energy density. This interpretation suffers a severe fine-tuning problem. Next we
show that this fine-tuning problem does not exist with a new interpretation of the
origination of cosmological constant.
In order to compare the cosmological constant model and the dynamic model
established in this article, let’s rewrite Eq. (17) as,
∇ ∙ 𝐠 𝐓 =    −  4π G  ρ!! +   4π G  ρ!! .

(39)

The similarity between Eq. (36) and Eq. (39) suggests that the cosmological constant
as a source in the modified Einstein equation is equivalent to the negative
gravitational charges in the dynamical model.

The comparison between Eq. (24) and Eq. (37) suggests that the effect of the
cosmological constant Λ is equivalent to that of the repulsive effect between positive
and negative gravitational charges. Let’s assume,
Λ =   4πGρ!! ,

(40)

then Eq. (24) and Eq. (37) are equivalent. In other words, the cosmological constant
can be interpreted physically as the density of the negative gravitational charges.
Therefore, this interpretation of the cosmological constant resolves the fine-tuning
problem. Under the condition of Eq. (40), the dynamic model is equivalent to the
cosmological constant model.
Eqs. (26 and 40) gives the current cosmological constant,
Λ = 12πGρ!! .

(41)
5. Evolution of Parameters

In the dynamic model proposed in this article, all of parameters, such as the
densities of the positive and negative gravitational charges, gravitational field
strengths of the positive, negative and total gravitational charges, the accelerations of
the expansion of the positive universe and the acceleration of the collapse of the
negative universe, are time dependent. The equivalence between the dynamic, dark
energy and the cosmological constant models suggests that both the equation of state
and the cosmological constant Λ are time dependent.
Let’s consider a spherical distribution of mixed negative and positive
gravitational charges (Fig. 2).
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∆r	
  

Fig. 2

Based on the dynamic model, the positive and negative gravitational charges are
drove by repulsive and attractive gravitational forces, respectively. Let’s imaging a
ball of radius r. The positive and negative gravitational charges are continuously
pushed outward and attracted inward the surface of the ball, respectively.
The densities of positive and negative gravitational charges in the ball are
changing with time, respectively. In a time interval ∆𝑡, the changes are
∆ρ!! =    −  3  ρ!! H  ∆t,

(42)

∆ρ!! =     3  ρ!! H∆t.

(43)

Therefore, we have
ρ!! ∝    𝑒 !  !
ρ!! ∝    𝑒   !

!"#  
!"#  

,  

.

The net change of the total charge density in the ball is
∆ρ!! +    ∆ρ!! =     3  H∆t     ρ!! −    ρ!! .

(44)

Let’s assume that ρ!!    r, t   and  ρ!!    r, t are uniformly distributed. After time
∆t, the gravitational field at a given r becomes
𝐠 𝐓∆𝐭 =    −  

!" !
!

r[ρ!!    1 −   3  H∆t − ρ!!   (1 +   3  H∆t)].

(45)

Then the acceleration of the expansion of the positive universe at (t0 + ∆t) is,
!
!

   =   

!"!
!

[ρ!!    − ρ!! ] +   4πG  [ρ!! + ρ!! ]  H∆t.

(46)

Comparing Eq. (46) with Eq. (24), we find that at a given r, the acceleration of
the expansion of the positive universe contains two parts: first part, the acceleration at
a given time is proportional to the distance r from the center; second part, the
acceleration at a given r is proportional to the product of the time (age) and the
Hubble parameter. In other words, the acceleration of the expansion of the positive
universe depends not only on the scale factor but also on the age. The further
discussion is out of the scope of this article.
The change of the total charge density causes the change of the total gravitational
field at a given r,
𝐠 𝐓 =   4π GHr  [ρ!!    r, t +   ρ!!    r, t ].

(47)

Eq. (47) gives the change rate of the acceleration, 𝑟, of the expansion of the positive
universe,
!
!

= 4π𝐺  H  [ρ!! t ＋  ρ!! t ].

(48)

Now the dynamic model predicts that all of parameters are time dependent. Next

let’s transferring this conclusion to the dark energy and the cosmological constant
models. We conclude that the cosmological constant and the equation of state are time
dependent as well.
According to Eq. (40) and Eq. (43), the change of the cosmological constant is,
Λ = 12πGHρ!! .

(49)

Therefore the cosmological constant is increase exponentially,
Λ   ∝    e!

! ! !"

.

(50)

Now let’s consider how the equation of state change with time. The accelerated
expansion of the universe requires that the ρ!! must larger than ρ!! . From Eq. (33)
and Eq. (34), we obtain
!

ω t <    −   ! e!

!"#

.

(51)

The time dependent parameters of the dynamic model represent the process of the
evolution of the universe.
6. Conclusions and Discussions
The negative gravitational charge is equivalent to either the negative pressure of
the dark energy or the cosmological constant in explaining the accelerated expansion
of the positive universe. Therefore, we conclude that the dynamic model is equivalent
to the dark energy model and the cosmological constant model without problems
encountered in both models respectively. In other words, the accelerated expansion of
the universe can be considered as an evidence of existence of negative gravitational
charges.
The dynamic model based on Gravitodynamics predicts: (1) the negative
gravitational charges causes the acceleration of the expansion of the positive universe;
(2) the acceleration of the expansion of the positive universe is increase with time; (3)
there is the accelerated collapse of the negative universe; (4) the acceleration of the
collapse of the negative universe is increase with time; (5) the cosmological constant
and the equation of state are time dependent.
We might not be able to directly detect the negative gravitational charges, but
might be able to detect its effects on the positive gravitational charges carried by the
ordinary matter. To demonstrate the dynamic model established in this article is
equivalent to the demonstration of the existence of the negative gravitational charges.
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