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Research on Vacuum Dynamics Theory

Yake Li

Independent Researcher, China; liyk29@163.com

Abstract: Based on the principle of the constancy of the speed of light and the phenomenon of light
deflection caused by space contraction, this paper innovatively proposes the principle of relative
change of the speed of light and constructs the theory of vacuum dynamics. This theory reveals the
internal relationship between the space-time structure and the gradient of the speed of light, and
provides a unified explanatory framework for the physical mechanisms of gravitational and dark
energy phenomena. The core findings are as follows: 1. In a vacuum, an object can also obtain an
acceleration g, without the action of any external force, that is: g,, = —Vc?, where g,, is equal to
the negative gradient of the square of the speed of light with respect to spatial changes. 2. Based on
the theory of vacuum dynamics, the Schwarzschild space-time factor 1 — ZGC% in the general

theory of relativity is successfully derived, and the prediction of Einstein’s field equation is
reproduced for the first time within a non-geometric framework. It reveals the intrinsically close
correlation between the gradient effect of the speed of light and the phenomenon of space-time
curvature, and interprets the physical mechanism of “space-time curvature is gravity”. 3. The space-
time equation of a spherically symmetric object is solved, and this equation is consistent with the
equation of the general theory of relativity. In particular, the gravitational field strength equation
dc?(r)

=G :4—2 is obtained. This achievement reveals from the physical meaning level that there is no

direct attractive force between objects. Instead, an object exerts an influence on other objects by
changing the distribution of the speed of light in the space it is in. 4. The hypothesis of a gradient
distribution of the speed of light in the universe, decreasing from the inside out, is proposed, and
relevant proofs are listed. It is pointed out that dark energy is essentially the internal energy released
and converted into kinetic energy when celestial bodies move spontaneously towards regions with a
lower speed of light.

Keywords: vacuum dynamic mechanism; speed of light; space-time; internal energy; dark energy

1. Introduction

The speed of light, as one of the fundamental constants in modern physics, and its invariance is
a core assumption of the theory of relativity. Since Einstein proposed the principle of the constancy
of the speed of light, the scientific community has generally believed that the speed of light is constant
in a vacuum. However, in recent years, a series of experimental results have shown that the speed of
light is not immutable under specific space-time conditions. Experiments such as the radar echo delay
experiment [1-3], as well as the gravitational lensing effect [4-6], all indicate that the speed of
electromagnetic waves will slow down when propagating near massive celestial bodies. These
phenomena suggest that the speed of light is not absolutely constant. Theoretical research and
observations related to the variation of the speed of light have gradually attracted widespread
attention in the academic community.

Based on astronomical observation results, this paper proposes the principle of relative variation
of the speed of light and deeply explores the compatibility between this principle and the principle
of the constancy of the speed of light. The study analyzes the energy differences caused by the relative
variation of the speed of light in a vacuum, and elaborates how this difference leads to the
spontaneous accelerated motion of objects and the source of the kinetic energy of objects during the
acceleration process. The study finds that there is a phenomenon of relative variation in the speed of
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light, which has opened up a new field for the study of the laws of material motion. Moreover, the
vacuum dynamics mechanism also provides a brand-new physical perspective for explaining the
physical mechanism of universal gravitation and the dark energy that drives the accelerated
expansion of the universe [7-12].

2. Discussion on the Covariant Relationship between Space-Time and the Speed
of Light

2.1. Proposal of the Principle of Relative Variation of the Speed of Light [13—-15]

In a vacuum environment, according to the principle of the constancy of the speed of light, the
speed of light measured at any point is always equal. Taking two points A and B as an example, the
mathematical expression is:

As As
=—2="0 ()
Atg, Aty

In the formula, ¢ represents the speed of light, As represents the distance that light travels in a

C

vacuum, and At represents the time required for light to travel a distance of As.

Now assume that the space where point B is located has shrunk by 50% relative to the space
where point A is located. According to the principle of the constancy of the speed of light, the speeds
of light measured at points A and B respectively are still equal (both are, for example, 300,000
kilometers per second). However, at this time, 300,000 kilometers in space B is only equivalent to
150,000 kilometers under the scale of space A. Therefore, the speed of light in space B should be 50%
slower than the speed of light in space A, as shown in Figure 1.

A space
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Figure 1. A-B Space Comparison Diagram.

Based on the above analysis, on the basis of the principle of the constancy of the speed of light,
a postulate named the “principle of relative variation of the speed of light” is further derived: when
the space undergoes relative expansion or contraction, the speed of light within it will also change
relatively in the same proportion. This principle seemingly contradicts the principle of the constancy
of the speed of light, but in fact, it is an inevitable result deduced from following the principle of the
constancy of the speed of light. Given that the gravitational field in the universe changes continuously
with space, then the spaces of various parts of the universe are also constantly expanding and
contracting. Thus, it can be known that the speed of light in the universe also undergoes relative
changes in different spaces. This is a new expansion of the understanding of the speed of light based
on the principle of the constancy of the speed of light, and the principle of relative variation of the
speed of light is an important theoretical basis of vacuum dynamics.

2.2. The Correlation between Time, Space and the Speed of Light

To satisfy the principle of the constancy of the speed of light, if As, expands by a certain
multiple relative to As,, At, should expand by the same multiple relative to At,. Let the multiple
be k, that is;

As, = kAs, . Aty = kAt, (2-2)
Combining and arranging the above formulas, we get:

—Asp _ Aty 5
k_Asa_Ata (2-3)
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The distance that light travels per second in any space is 300,000 kilometers. That is to say, the
speed of light should change by the same multiple as the space changes relatively, that is:

ASb

A _ oy
k=32=2 (24

Asq

Combining and arranging the above two formulas, we get:

k=22=2%_ % (o5

Asq Atg Cq
Formula (2-5) shows that in a vacuum, the speed of light, the spatial scale and the passage of

time between any two points all change according to the same proportion, which reflects a deeper
internal correlation among the three.

3. Energy Difference Caused by the Speed of Light Difference in Vacuum Space

3.1. Energy Difference of Photons Caused by the Speed of Light Difference

If there is a speed of light difference between space A and space B, then there must be a time
difference between the two points. The time difference further leads to a frequency difference, and
the frequency difference in turn causes an energy difference of photons.

Next, we prove the corresponding conversion relationship formula of the frequency between the
two points. According to the proportional relationship formula, from formula (2-5), we can get:

c
At, = 2 At, 1)
Ca
Let T, and T, be the frequency periods respectively, and define:
T, =At, , T, =At, 32

From the relationship formula between frequency and period f = 1/T , we can get:
1 1
fa=17 =7 69
Substitute the above relationships into formula (3-1) to obtain the conversion relationship
formula of the frequencies between the two spaces:
— %
fa=fp 69
That is to say, the relative speed of light difference will produce the phenomenon of redshift [16-
19].
According to the relationship between frequency and photon energy E = hf, combined with the
proportional relationship formula of frequency (3-4), we can obtain the conversion relationship of
photon energy between the two spaces:

E, = z_:Eb (3-5)

If c,/c, = 0.5, then after the photon energy in space B is converted to space A, its energy is
reduced by 50%. It is worth noting that the energy difference of photons between the two spaces has
nothing to do with the photons themselves, but is only related to the speed of light difference between
the two spaces.

3.2. Speed of Light Difference and Internal Energy Difference of Objects

According to Einstein’s mass-energy equation:

E, = myc? (3-6)

d0i:10.20944/preprints202409.0554.v2
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We can obtain the relationship between the internal energy of an object, its rest mass, and the
speed of light. Suppose there are objects with the same mass m, in two spaces A and B, and their
internal energies in the two spaces are respectively:

_ 2 _ 2
Eoq = mocg . Eop = mocy; (3-7)

From this, we can derive the conversion relationship of the internal energy of the object in the
two spaces:
2
— (b — 1,2
Eop = (a) Eoq = k"Eqq (3-8)

When the speeds of light in spaces A and B are equal, the internal energies of the objects are also
equal. However, when the speeds of light are not equal, the internal energy of the object will change,
and this change is a multiple of the square of the speed of light ratio k?.

The speed of light difference only affects the energy of the object, rather than providing or
absorbing energy for the object. There is a deeper internal connection between the speed of light and
the energy of the object.

3.3. Three Energy Spaces Formed by the Speed of Light Difference

The speed of light has a direct impact on the energy of an object. Now, the space with a relatively
high speed of light is called a high-energy space, the space with a relatively low speed of light is
called a low-energy space, and the space between the high-energy space and the low-energy space is
called a variable-energy space. In the variable-energy space area, the speed of light c changes with
the spatial position, resulting in the internal energy of the object varying with the spatial position.

The division of the three energy spaces is shown in Figure 2. This division is helpful for

systematically studying the influence of the speed of light difference on the motion of matter.

high-energy space

Variable energy
space

low-energy space

y»

Figure 2. Energy space partitioning.

4. Principle of Minimum Energy

The principle of minimum energy [20-22] is a fundamental law in physics, which is widely
applicable to various physical fields and serves as a core principle for understanding the behavior of
objects and systems in nature. According to this principle, objects or systems will spontaneously tend
towards the state of minimum energy under ideal conditions. Whether at the macroscopic scale of
celestial bodies or at the microscopic level of atoms and molecules, objects and systems will develop
towards the state of minimum energy. The system gradually adjusts to a stable state with the
minimum energy through the exchange, conversion, or transfer of energy.

The pursuit of the lowest energy state is an inherent property of all objects and also an important
theoretical support for vacuum dynamics.

d0i:10.20944/preprints202409.0554.v2
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5. Spontaneous Movement of Objects and the Acceleration Field

5.1. Spontaneous Movement of Objects and Energy Conversion

In a variable-energy vacuum space where the speed of light changes continuously, objects will
spontaneously move towards the region with lower internal energy, and this kind of movement
conforms to the principle of minimum energy.

Suppose that the object is not affected by any external force and does not do work externally
during this spontaneous movement process. Then the total energy of the object should remain
unchanged, and the change amount of its total energy AE should be zero. This means that the sum of
the change amount of the object’s internal energy AEi and the change amount of its kinetic energy
AEv is zero, that is:

AE = AEi+ AEv =0 (5-1)
Therefore, we can obtain:
AEv =-AEi (5-2)

From the above derivation process, it can be seen that the kinetic energy increased by the object
during the spontaneous movement process completely comes from the decrease of the object’s
internal energy. In this process, only the excess internal energy converted when the object moves
towards the lower internal energy state is the only source of the object’s kinetic energy. This not only
ensures the spontaneity of the entire movement process but also satisfies the law of conservation of
energy.

5.2. The Spontaneous Force Caused by the Difference in Internal Energy

In a variable-energy vacuum environment, objects will spontaneously accelerate towards the
direction of the lower energy state. Since it is the accelerated movement of the object, there must be
a force acting on it. Since this is a spontaneous movement without the action of external forces, this
force is called the spontaneous force F,, of the object.

Suppose that the displacement of the object during the accelerated movement process is As.
According to the definition of work, the work AA done by the force F, can be expressed as:

AA = F,, - As (5-3)
Thus, the acting force F,, can be obtained:
AA
Fn =7 64

Among them, the work AA represents the increment of kinetic energy AEv, and it is also equal
to the decrement of internal energy -AEi,

AA =AEv =-AEi (5-5)

Substitute it into formula (5-4) to get:

F __AA _ AEv _  AEi =6
mT s T as . as O
Substitute the specific change form of the internal energy to obtain:
AEi A(mcg-mcE d(c?
Fm=——=——( b-med) _ _p, ) (5-7)
As As ds

It can be seen from the above formula that the spontaneous force F, is equal to the negative
gradient of the square of the speed of light with respect to the spatial change. In a space with a
variable speed of light, even if the object is in a stationary state, there is still a spontaneous force that
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makes it move towards the lower energy state, which is similar to the gravity of an object in a
gravitational field.

Through the above discussion, we can have a clearer understanding of the relationship between
the change of the object’s internal energy and the spontaneous force, and reveal the dynamic
mechanism of spontaneous movement in a variable-energy environment.

5.3. Acceleration Caused by the Speed of Light Difference

To find the acceleration obtained by an object in a variable-energy space, for an object with mass
m, let the acceleration generated by the spontaneous force F,, be gp:

Fm
Im =5 59

Substitute formula (5-7) into the above formula, and we can get:
dc?
Im = ——; 69
Suppose ¢? = g(x,y,z), the acceleration g, is the negative gradient of the square of the speed
of light ¢? with respect to the spatial change, which can be expressed as:

Im =~V g (5-10)

The speed of light ¢ forms a scalar field in space, while g,, forms a vector field in space. It can
be seen from formula (5-9) above that the acceleration g,, obtained by the object is only related to
the rate of change of the square of the speed of light ¢? in space, and has nothing to do with the mass
of the object. This physical characteristic is consistent with the property of the gravitational field.

Although the continuous relative change of the speed of light in space does not directly exert
any force on the object, it provides the necessary environmental conditions for the spontaneous
movement of the object.

6. The Space-Time Structure of Spherically Symmetric Objects and General
Relativity

By applying the theory of vacuum dynamics, we deeply explore the influence of spherically
symmetric objects on the space-time structure, which is of great significance for understanding the
physical mechanism of gravitational phenomena. The corresponding relationship with the
Schwarzschild solution of general relativity has been discovered, revealing the deep internal
connection between the curvature of space-time and the relative variation of the speed of light.

6.1. Theoretical Framework

1. Foundation of Classical Gravity
Law of Universal Gravitation: F = G % (6-1)
Expression of Gravitational Acceleration: g = G MZ (6-2)
T

2. Hypothesis of Vacuum Dynamics

As is well known, the gravitational interaction between objects is not an action at a distance, but
is realized by changing the physical state of space. A large number of astronomical observations
clearly show that celestial bodies have an influence on the propagation speed of light: in the region
closer to the object and with a larger mass of the object, the speed of light is relatively slower.
According to the theory of vacuum dynamics, the relative variation of the speed of light in space can
enable an object to obtain an acceleration g,,. Therefore, we make the hypothesis that the variation
of the speed of light in space is exactly the physical cause of the generation of the gravitational
acceleration g, that is:
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Im = g (6-3)
Let Z(r) = c*(r), and establish the differential relationship:

dz(r)
dr

M
=G —z (6-4)

The above formula can be regarded as an expression of the gravitational field strength generated
by a spherically symmetric object in space. Next, we will discuss how a spherically symmetric object
affects the distribution of the speed of light in space and what impact it has on space and time.

6.2. Mathematical Derivation

1. Solving the Schwarzschild Metric
Integrate formula (18) above to obtain:

Z(r) = fGrM—zdr =D —ZG% (6-5)
When 7 - o, let D = Z(®) = cZ,
Z(r)=ct - ZG% (6-6)

Note: c;is the background speed of light in vacuum far from the influence of the mass of the
sphere, which is consistent with the speed of light c in the Schwarzschild solution of relativity.
The ratio of the squares of the speed of light:

M) _20) _ 1 _ e M
Z T 1-2G 2 (6-7)

The above formula shows that under the condition of spherically symmetric vacuum, the
vacuum dynamics theory can reproduce the classical structure in general relativity, that is, the form
of the Schwarzschild metric [23-25]. Specifically, the consistency between these two theories strongly
affirms the correctness of the vacuum dynamics theory, which means that under the basic symmetry
and boundary conditions, the vacuum dynamics theory can reach the same conclusion as general
relativity. Achieving this result also proves the correctness of the initial hypothesis (g,, = 9g).

The space-time components of the Schwarzschild metric in general relativity are:

gt = — (1 _ﬂ)  Yrr = (1 - ﬂ)_l (6-8)

c?r c?r
2. Explaining the Physical Essence of the Law of Universal Gravitation from the Spatial
Distribution of the Speed of Light Field

The spatial distribution formula of the speed of light field:

cr)=Z({@) = / ct — ZG% (6-9)

The above formula explains the distribution of the speed of light c(r) in space caused by the mass
of a spherically symmetric object. Obviously, this speed of light field c(r) presents a monotonically
decreasing distribution pattern from far to near. In this way, a variable-energy space with low internal
energy and high external energy, centered around the sphere, is established. Based on this, other
objects will naturally accelerate towards this low-energy space (that is, towards the center of the
sphere). Its acceleration is determined by the negative gradient of the speed of light field, and this
spontaneous force generated by the object is what we usually call gravity. The increase in the kinetic
energy of the object comes from the decrease in its internal energy. Therefore, there is only the
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interaction of the scalar field of the speed of light between objects, and there is no direct mutual
attractive force involved. This is the explanation of the physical essence of the law of universal
gravitation of spherically symmetric objects by the theory of vacuum dynamics.

6.3. Derivation of the Space-Time Expansion Effect

1. Time Dilation Effect
According to formula (2-5), the ratio of the speed of light is equal to the ratio of time:

At c(r
At = £ 610
Atl Cq

Find the ratio of the speed of light €,
c1

/cz—zaﬂ
O [1-262 1)
c1 c1 cir

Substitute formula (6-11) into formula (6-10) to get:

M

2
cr

In the above formula, At; is the time interval at the point ¢;, and At, is the time interval at the
position r. This formula describes the relative difference between the time passage rate at different
spatial positions r of the spherically symmetric object and At;. The above formula shows that the
closer to the object, the slower the passage of time. When r approaches 2G % infinitely, the time

passage corresponding to At, almost stops. The value of r at this time is called the Schwarzschild
radius 7;. The Schwarzschild radius is an important concept in general relativity and is crucial in the
research of cutting-edge fields such as black holes and gravitational singularities. The ability to derive
this concept also reflects the correctness of the vacuum dynamics theory.

Formula (6-13) is completely consistent with the Schwarzschild time dilation formula

At(r) = tosy) —ger (6-14)

2. Space Expansion Effect

Based on the principle of the constancy of the speed of light, the speed of light at any point in a
vacuum must remain the same, which means that the scaling ratios of time and space must be the
same. Therefore, the scaling ratio of time is the scaling ratio of space, and the relationship formula
for the scaling of the vacuum space can be obtained:

M

2
ar

ASZ = ASl 1 - ZG

(6-15)

Among them, As; is the spatial interval at the point c;, and As, is the spatial interval at the
position r. This relationship is applicable to the scale comparison between the local spaces of static
observers, and has the following corresponding relationship formula with the Schwarzschild space
expansion:

As(r) = S grt (6-16)

To sum up, from the perspective of vacuum dynamics, the influence of spherically symmetric
objects on time, space, and the distribution of the speed of light has been verified, and the
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corresponding calculation formulas have been successfully derived, thus clearly clarifying the
physical causes of the generation of the law of universal gravitation.

It should be emphasized that the corresponding relationship between vacuum dynamics and
general relativity has profound physical connotations. As shown in formula (2-5), time, space, and
the speed of light all strictly follow the law of proportional co-evolution. This characteristic
fundamentally explains why two seemingly different theoretical frameworks can both derive the
Schwarzschild space-time factor. More importantly, there is a complementarity in the physical
interpretations of the two: the gradient change of the speed of light field (g,, = —Vc?) is essentially
equivalent to the geometric deformation of the space-time structure - the adjustment of the space-
time metric at any spatial point must be accompanied by a new gradient distribution of the speed of
light, and the existence of the speed of light gradient directly gives rise to the local acceleration field
(that is, gravity). This reveals the physical essence of the generation of the gravitational effect by the
curvature of space-time: the speed of light field is related to the space-time geometric structure
through its spatial gradient. This intrinsic dynamic mechanism provides a clearer physical analysis
for the classic proposition that “the curvature of space-time is gravity”.

7. The Source of Dark Energy

Based on the theory of vacuum dynamics, the hypothesis is proposed that the speed of light in
the universe presents a distribution with a higher value at the center and a lower value at the edge.
Celestial bodies spontaneously move towards the regions with a lower speed of light, thus forming
the phenomenon of the expansion of the universe. Through this hypothesis, the assumptions of anti-
gravity and dark energy are avoided. In fact, dark energy [26,27] is the internal energy released by
celestial bodies when they move towards the space with a lower speed of light and converted into
kinetic energy.

Astronomical observations support this hypothesis in three aspects:

1. Delay in the Propagation Time of Light: Many astronomical observations show that the time
required for light from distant celestial bodies to reach the Earth significantly exceeds the predictions
of traditional theories [29,30]. Moreover, as the distance of celestial bodies increases, the time delay
of light also becomes greater, indicating that the speed of light of more distant celestial bodies is
relatively slower.

2. The Phenomenon of Redshift: Astronomical observations have found that when observing
celestial bodies at a distance of more than 5 billion light-years, according to the existing calculation
methods, it is often concluded that the recession speed of celestial bodies is greater than the speed of
light, which is a result contrary to common sense [28]. This indirectly proves the assumption that the
speed of light is slower the farther away it is from us. Because this extremely large redshift should
contain the redshift component caused by the slowdown of the speed of light, and only by deducting
this component can the correct result be calculated.

3. The Distribution of the Speed of Light Gradient: The distribution of the speed of light gradient
actually reflects that the interior of the universe is a high-energy space, and the edge is a low-energy
space. This is consistent with the evolutionary process of energy diffusion from the center to the
outside after the Big Bang.

It is recommended that in future research on dark energy, more attention should be paid to the
relative variation of the speed of light in the universe and more attention should be paid to the
analysis of redshift data to verify the distribution model of the speed of light gradient and provide
more evidence for revealing the essence of dark energy.

8. Conclusions

The theory of vacuum dynamics is established on the basis of the principle of relative variation
of the speed of light, constructing a self-consistent theoretical system. This theory holds that the
gradient distribution of the speed of light in the vacuum space is the fundamental cause of the
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spontaneous movement of objects, and the kinetic energy required for the accelerated movement of
objects comes from the internal energy of the objects. This provides a unified interpretive framework
for the physical mechanisms of the law of universal gravitation and dark energy.

The study has found that there is a fixed variable ratio relationship among time, space, and the
speed of light. Therefore, it is an inevitable result that the theory of vacuum dynamics and general
relativity have the same description of space-time changes.

In addition, the theory of vacuum dynamics provides a theoretical framework for the unification
of the gravitational field and the electromagnetic field, and lays a solid theoretical foundation for the
research of anti-gravitational field technology.

This paper aims to expound the basic physical ideas of the theory of vacuum dynamics. There
are still many issues that need in-depth study. It is hoped that this paper can attract the attention of
the academic community to the theory of vacuum dynamics, jointly promote the further development
and improvement of this theory, and thus contribute to the progress of the fundamental theories of
physics.
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