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Article 

Research on the Principle of Relative Variation of 

Light Speed and the Effect of Vacuum Mechanics 

Li Yake 

Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, 1068 Xueyuan Avenue, Nanshan 

District, Shenzhen, Guangdong Province, China, 518055 

Abstract: This paper proposes an innovative postulate based on experimental observations, namely, that the 

speed of light can vary between two inertial reference systems. This postulate is defined as the principle of 

relative change in the speed of light, which refreshes the concept of absolute speed of light in traditional 

physics. By integrating the principle of the invariance of the speed of light with the principle of relativity in 

relativity theory, several important conclusions are derived: space and time must be capable of and 

proportionally expand and contract. Between two inertial reference systems with different relative speeds of 

light, objects have an energy difference of k^2 times, which induces a natural tendency for objects to move 

towards a state of lower energy. The acceleration is only related to the relative change rate of the speed of light 

in vacuum space and is independent of the mass of the object. The kinetic energy obtained by the object comes 

from the reduction of internal energy of the object, emphasizing the key role of energy conversion in this 

process. The paper provides a new theoretical perspective for explaining the physical mechanisms of universal 

gravitation and dark energy. 
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Introduction: 

It is well known that when light passes near a massive object, its propagation direction will be 

significantly deflected, such as the gravitational lensing phenomenon and the refraction phenomenon 

when light passes near the sun [1–6]. As shown in Figures 1 and 2, light, as an electromagnetic wave, 

experiences refraction due to changes in its propagation speed (n_21=c_1⁄c_2). These refraction 

phenomena indicate that the speed of light slows down when it approaches a massive object. The 

radar echo delay experiment also confirms the physical phenomenon that the speed of 

electromagnetic waves slows down when they approach massive objects [7–9]. Therefore, two 

conclusions can be drawn: first, the speed of light is variable in vacuum; second, the speed of light 

slows down when it approaches a massive object. Based on this, we summarize the phenomenon of 

relative changes in the speed of light into a postulate, which states that the speed of light in another 

inertial reference frame that is relatively stationary with respect to our own can differ from the speed 

of light in our own reference frame. This postulate is called the principle of relative change in the 

speed of light. For example, regardless of whether light is measured in the Earth's reference frame or 

the Sun's reference frame, its speed is always 3.0×10^8 m/s. However, when measuring the speed of 

light in the Sun's reference frame from the Earth's reference frame, it is observed that the speed of 

light in the Sun's reference frame is slower relative to the speed of light in the Earth's reference frame, 

which is also a widely accepted observational result. Based on this postulate, combined with the 

principle of invariance of the speed of light [10–15] and the principle of relativity, we can propose 

new explanations for some physical problems, such as the physical reasons for the relative expansion 

[16–23] and contraction of spacetime, the energy difference in vacuum space, and the dynamical 

effects generated by this energy difference. This provides a new physical approach to the currently 

unresolved physical mechanism problems of universal gravitation and dark energy. 
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1. The Spacetime Conditions for the Compatibility of the Principle of the Constancy of the 

Speed of Light and the Principle of the Relative Change of the Speed of Light 

The principle of the constancy of the speed of light states that the speed of light in a vacuum 

remains constant in any inertial reference frame, regardless of the motion state of the light source. 

This principle emphasizes that the speed of light is constant within an inertial reference frame, and 

the speed of light in a vacuum is equal in any inertial reference frame. However, the principle of the 

relative change of the speed of light suggests that although the speed of light is constant and equal 

in each inertial reference frame, the measured speed of light in the other reference frame may vary 

when measured between two inertial reference frames. So, do the principles of the constancy and 

relative change of the speed of light conflict with each other? The following discussion proves that 

under certain spatiotemporal conditions, these two principles are compatible. 

Formula for calculating the speed of light c: 

𝑐 =
∆𝑠

∆𝑡
 （1-1） 

c represents the speed of light, Δs represents the distance traveled by light, and Δt represents the 

time taken by light to travel that distance. 

Although this formula for calculating the speed of light seems simple, it relates two very 

important physical quantities: space and time. If we multiply both the numerator and denominator 

by the same scaling factor k, the speed of light remains unchanged. 

𝑐 =
∆𝑠

∆𝑡
=

𝑘1∆𝑠

𝑘1∆𝑡
 =

𝑘2∆𝑠

𝑘2∆𝑡
= ⋯ =

𝑘𝑛∆𝑠

𝑘𝑛∆𝑡
 （k > 0 , n = 1,2,3 ⋯ ∞）（1-2） 

From the above equation, it can be seen that if space and time expand or contract proportionally, 

the speed of light in vacuum will remain constant in any inertial reference frame. This means that no 

matter how space and time change, their expansion or contraction ratio must be the same, which is a 

necessary condition for the invariance of the speed of light. If the k values between different reference 

frames are equal, the speed of light between different reference frames must be equal to the speed of 

light in this reference frame, which obviously does not match the observational facts. Therefore, the 

k values between different reference frames should be unequal to conform to the principle of relative 

change of the speed of light. Therefore, it can be concluded that space and time must be scalable, and 

their changes must be proportional. 

Experimental observations indicate that the radar echo delay phenomenon reveals the 

slowdown of the speed of light on the solar side. According to the principle of the invariance of the 

speed of light, the speed of light in the solar reference system is still 3.0×10^8 m/s, which indicates 

that the space-time in the solar reference system has undergone a contraction phenomenon relative 

to the Earth reference system. In other words, the slowdown of the speed of light on the solar side is 

caused by the contraction of space and the slowdown of time on the solar side. This observational 
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phenomenon confirms that the relative change of the speed of light and the expansion and 

contraction of space-time are objectively existent. 

2. The Relationship between the Scale Factor k of Space-Time Expansion and Contraction and 

the Relative Change of the Speed of Light 

There are two relatively stationary inertial reference systems, A and B. When measuring each 

other's light speed, it is found to be different from the light speed in the reference system. According 

to the principle of the constancy of the speed of light, the speed of light in any two reference systems 

is constant and the same. Therefore, this can only be understood as a relative stretching phenomenon 

of space-time between the two reference systems. Now taking the A reference system as the 

benchmark for space-time comparison, if n seconds pass in the vacuum space of the A reference 

system, the distance of light propagation in the A reference system is measured as Sa. In the A 

reference system, the distance of light propagation in the B reference system is measured as Sb. The 

relative stretching proportionality coefficient k of the two spaces is: 

𝑘 =
∆𝑆𝑏

∆𝑆𝑎
=

𝑛∙𝑐𝑏

𝑛∙𝑐𝑎
=

𝑐𝑏

𝑐𝑎
 （2-1） 

𝑘 =
𝑐𝑏

𝑐𝑎
 （2-2） 

 ∆𝑆𝑏 = 𝑘 ∙ ∆𝑆𝑎  （2-3） 

Because the stretching coefficient k of time and space must be equal to satisfy the principle of 

the invariance of the speed of light, the time relationship between the two reference systems is: 

∆𝑡𝑏 = 𝑘 ∙ ∆𝑡𝑎 （2-4） 

Based on the principle that space-time must expand and contract in proportion, we have derived 

that the relative expansion and contraction of space-time between two reference systems is a function 

of the relative speed of light and the ratio of the speed of light. 

As can be seen from equations (2-3) and (2-4), when k > 1, the spacetime of the B reference frame 

appears to expand relative to the A reference frame, and when k < 1, the spacetime of the B reference 

frame appears to contract relative to the A reference frame. For example, when 𝑐𝑎 = 3.0 × 108 (m/s ) 

and c𝑏 = 1.5 × 108 (m/s ), we obtain k = 0.5. This means that the spacetime of the B reference frame 

contracts by a factor of 0.5 relative to the A reference frame. Therefore, 3×108 m in the B reference 

frame is actually equivalent to 1.5×108 m in the A reference frame. In the B reference frame, the 

passage of time is 0.5 times slower than in the A reference frame, meaning that one second in the B 

reference frame is equivalent to two seconds in the A reference frame. 

If the speed of light in the A reference frame is observed from the perspective of the B reference 

frame, it will be found that the speed of light in the A reference frame is twice as fast as that in the B 

reference frame. That is to say, observing the speed of light in the Earth reference frame from the Sun 

reference frame will also result in a faster speed of light than that in the Sun reference frame. This 

"superluminal" phenomenon arises from the relative expansion between the two reference frames. 

However, within both reference frames, the speed of light remains constant. Therefore, this 

"superluminal" phenomenon does not contradict the principle of the invariance of the speed of light. 

It is precisely because of this "superluminal" phenomenon in the relative expansion of spacetime that 

opens up new imaginative spaces for the possibility of interstellar travel. 

In an inertial reference frame, the speed of light in a vacuum remains constant. However, the 

speed of light is variable between different inertial reference frames. It can be said that the speed of 

light is constant in an absolute sense. But in a relative sense, it is variable. The so-called absolute 

invariance refers to the fact that the speed of light in a vacuum remains constant in any reference 

frame and at any position in the universe; while the so-called relative variability refers to the fact that 

the speed of light may be relatively different between two reference frames at any position in the 

universe. The relative difference in the speed of light leads to the relative difference in spacetime. 
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This means that the time elapse or spatial interval between any two points in the universe may be 

different. As shown in Figure 3. 

 

3. Energy Relationship between Reference Systems with Relative Changes in the Speed of Light 

In a space where the speed of light continuously changes, selecting points A and B as reference 

frames, due to the relative difference in the speed of light between the two points, there is an energy 

difference between the two reference frames A and B 

If there is a photon in the B reference frame, its frequency is 𝑓𝑏, period is 𝑇𝑏 , and energy is 𝐸𝑏 . 

𝑓𝑏 =
1

𝑇𝑏
 (3-1) 

𝐸𝑏 = ℎ𝑓𝑏      (3-2) 

In the A reference system, the observed frequency of this photon is 𝑓𝑎, the period is 𝑇𝑎, and the 

energy is 𝐸𝑎. 

𝑓𝑎 =
1

𝑇𝑎
 (3-3) 

𝐸𝑎 = ℎ𝑓𝑎 (3-4) 

Due to the difference in the speed of light between the two reference systems, the time 

progression in the two reference systems is different. According to equation (2-4), the relationship 

between Ta and Tb is: 

𝑇𝑎 =
𝑇𝑏

𝑘
 (3-5) 

Substituting equation (3-5) into equation (3-3) yields: 

𝑓𝑎 = 𝑘
1

𝑇𝑏
= 𝑘𝑓𝑏 (3-6) 

𝑓𝑎 = k𝑓𝑏 (3-7) 

 𝐸𝑎 = 𝑘𝐸𝑏 (3-8) 

When k≠1, the observed frequency and energy of the same photon will exhibit differences in 

different reference frames. The occurrence of such differences is closely related to the chosen 

reference frame and has nothing to do with the photon itself. For example, the speed of light in the 

solar reference frame is slower than that in the Earth reference frame, so the clock in the solar 

reference frame runs slower than the Earth clock, which results in a decrease in the frequency of 

sunlight observed on Earth. This phenomenon is known as the red shift of light [24–27]. Obviously, 

this red shift phenomenon is caused by the difference in the flow rate of time between the two places. 

Therefore, this red shift phenomenon exists at the time of photon generation. The degree of difference 

in photon frequency depends on the difference between the speed of the solar clock and the Earth 

clock, and has nothing to do with gravity. 
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In the B reference system, there is an object with a mass of 𝑚0. According to the mass-energy 

equation [28], its internal energy is 𝐸0𝑏: 

𝐸0𝑏 = 𝑚0𝑐𝑏
2 （3-9） 

Due to the relative difference in the speed of light between the A reference frame and the B 

reference frame, we have: 

 𝑐𝑏 = k𝑐𝑎 

Substituting the above expression into equation (3-9) yields: 

𝐸0𝑏 = 𝑚0(𝑘𝑐𝑎)2 = 𝑘2𝑚0𝑐𝑎
2 = 𝑘2𝐸0𝑎 （3-10） 

𝐸0𝑏 = 𝑘2𝐸0𝑎 （3-11） 

The above equation (3-11) indicates that the internal energy of the same mass object between 

two inertial reference systems has a difference of 𝑘2 times. 

From the mass-energy formula, it can be known that the internal energy of an object is related 

to the speed of light. In any inertial reference frame, the internal energy of an object is always 𝑚0𝑐2. 

However, when k≠1, there will be a situation where the same mass but different internal energies 

occur between two reference frames, as shown in equation (3-11), which means that the internal 

energy of 1J in the A reference frame is not equal to the internal energy of 1J in the B reference frame. 

In the universe, the speed of light always has relative variations, so the internal energy of an object 

in vacuum space may vary at different positions. 

A vacuum space with a relatively high speed of light is defined as a high-energy space, while a 

vacuum space with a relatively low speed of light is defined as a low-energy space. The transitional 

space between the two is called a variable-energy space. In a space with a constant speed of light, 

whether it is a high-energy space or a low-energy space, spacetime remains unchanged, collectively 

referred to as inertial space or flat space. However, in a variable-energy space, the speed of light 

varies continuously with space, and spacetime expands or contracts continuously. This kind of space 

is called non-inertial space or curved space, as shown in Figure 5. 

 

4. Kinetic Effects Produced by Objects in Vacuum Space 

When an object is in a vacuum space with varying light speeds, it has different internal energy 

states at different spatial locations. The object will spontaneously move towards a space with a lower 

internal energy state to reduce its own internal energy state. Moving towards a lower energy 

direction is a natural property of all objects, which has been summarized as a principle, namely the 

"minimum energy principle" [29,30]. This principle states that the energy of an object or system 

always tends towards a minimum value. 

Given that there is a relative speed difference of light ( 𝑐𝑎 > 𝑐𝑏 ) between the two reference 

systems A and B, an object will produce an internal energy difference ∆𝐸𝑖  in the two reference 

systems 

∆𝐸𝑖 =  𝑚0𝑐𝑏
2 − 𝑚0𝑐𝑎

2 （4-1） 

According to the principle of minimum energy, objects will spontaneously move towards spaces 

with lower internal energy. In the absence of external work, the total energy change ∆E of an object 

is zero. 
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∆𝐸 = ∆𝐸𝑖 + ∆𝐸𝑣 （4-2） 

∆𝐸𝑣 represents the change in kinetic energy 

Because: ∆E=0 (4-3) 

Therefore: ∆𝐸𝑣 +∆𝐸𝑖=0 （4-4） 

∆𝐸𝑣 = −∆𝐸𝑖 （4-5） 

According to formula (3-5), the decrease in internal energy ∆𝐸𝑖 of an object is equivalent to the 

increase in kinetic energy ∆𝐸𝑣  of the object, a physical process that conforms to the law of 

conservation of energy. Since objects naturally move towards lower energy states, we can further 

derive the equivalent force 𝐹𝑚 based on the force calculation formula F=ma. 

Let the work done on an object by a self-acting force 𝐹𝑚 after a distance of ∆s be denoted as A 

𝐴 = 𝐹𝑚 ∙ ∆𝑠 （4-6） 

Work A is equal to the kinetic energy ∆𝐸𝑣 obtained by the object: 

𝐴 = 𝐹𝑚 ∙ ∆𝑠 = ∆𝐸𝑣 （4-7） 

Fm  =
∆E𝑣

∆s
 （4-8） 

The increase in the kinetic energy of this object is equal to the decrease in its internal energy. 

Substituting equation (4-5) into the aforementioned equation yields: 

Fm  = −
∆E𝑖

∆s
 （4-9） 

Substituting equation (3-1) into the above equation yields: 

𝐹𝑚  = −
𝑚0𝑐𝑏

2−𝑚0𝑐𝑎
2

∆𝑠
 （4-10） 

 𝐹𝑚 = −𝑚0
d(c2)

𝑑𝑆
 （4-11） 

As can be seen from Equation (4-10), the difference in internal energy of an object in space is the 

reason for generating the self-force 𝐹𝑚. The greater the difference in internal energy, the shorter the 

distance that produces this difference, and the stronger the self-force. The above Equation (4-11) 

shows that regardless of whether the object is moving or stationary, as long as there is a difference in 

the speed of light, this self-force of the object always exists. 

Let the acceleration obtained by the object under the action of self-force be g: 

g =  
𝐹𝑚

 𝑚0 
 （4-12） 

Substituting equation (3-11) into the above equation gives: 

g = −
d(c2)

𝑑𝑆
 （4-13） 

Equation (3-13) indicates that the acceleration of an object is equal to the rate of change of the 

speed of light difference between two reference systems with respect to space. The acceleration 

obtained by the object is independent of its mass. In other words, when an object spontaneously 

accelerates towards a lower energy state, it does not feel any force acting on it, which is consistent 

with its natural motion state in inertial space. However, external observers find that the object is 

accelerating and its kinetic energy is indeed increasing. Then, where does the increased kinetic energy 

of the object come from? The kinetic energy of an object can only come from the reduction of its 

internal energy. Following the law of conservation of energy is a necessary condition for correctly 

describing a physical process. 
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Assuming a 1kg object is accelerated to 100 m/s, its kinetic energy is 5000J, and the internal 

energy of a 1kg object is 9s1016J, the ratio of consumed internal energy to total internal energy is 

5.55h10−14. Therefore, the reduction in internal energy of the object is negligible compared to the 

total internal energy. 

From equation (3-13), we know that acceleration is determined by the rate of change of the 

square of the speed of light with respect to space. Assuming the acceleration to be g = 10 (m/s²), when 

∆s is equal to 10m,𝑐1= 299792458 (m/s), find the speed of light 𝑐2. 

g = −
𝑑𝑐2

𝑑𝑠
= −

𝛥𝑐2

𝛥𝑠
= −

𝑐2
2 − 𝑐1

2

∆𝑠
=

𝑐1
2 − 𝑐2

2

∆𝑠
 

𝑐2 = √𝑐1
2 − g ∙ ∆s= 299,792,457.999999833218(m/s) 

Relative change in the speed of light △C: 

△ 𝒄 =  𝒄𝟐 −  𝒄𝟏  =  −1.66782 × 10−7 (m/s) 

Relative change rate of the speed of light: 

∆𝑐

𝑐1
× 100% = −5.56325 × 10−14 % 

From the above calculation results, it can be seen that when the acceleration g = 10 (m/s²), within 

a range of 10m, the speed of light only changes by −1.66782 × 10−7 (m/s). Therefore, a very small 

change in the speed of light in vacuum can produce a considerable acceleration g and self-force 𝐹𝑚 

for an object. 

5. Conjectures on the Physical Mechanisms of Gravitational Force and Dark Energy 

As mentioned earlier, light undergoes refraction when passing through a massive object, and 

the closer it gets to the object, the more pronounced the refraction becomes. This indicates that the 

closer the light is to the object, the slower its propagation speed. This means that the closer one gets 

to the object, the more pronounced the contraction of spacetime becomes, and the lower the energy 

state of space. Objects have a natural tendency to move towards lower energy states, so the 

gravitational force between objects can be understood as the natural tendency of objects to move 

towards lower energy states. The gravitational force between objects is actually the self-force of 

objects moving towards lower energy states, as shown in Figure 6. Therefore, from a physical 

mechanism perspective, the mass of an object changes the energy state of space, and the closer one 

gets to the object, the lower the energy state becomes. The greater the mass of an object, the lower the 

energy state of its space. The universal gravitational force between objects is essentially the self-force 

of objects moving towards lower energy states. There is no direct mutual attraction between objects. 

In other words, as long as there is a difference in energy states in space, objects will spontaneously 

move towards lower energy states, regardless of the cause of the difference in energy states. The 

kinetic energy added by this natural motion of objects comes from the reduction of internal energy 

of objects, and energy conservation is a fundamental law that must be observed in all physical. 

 
The source of dark energy remains a mystery to this day. As the main driving force behind the 

accelerated expansion of the universe, the explanation of dark energy is closely related to the above 
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theories. Since the vacuum has no mass and no continuous energy output, as mentioned above, the 

relative changes in spacetime in vacuum space can only provide conditions for energy conversion for 

objects. In this process, the vacuum neither absorbs energy nor releases energy. It can be inferred that 

the phenomenon of accelerated expansion of the universe is consistent with the above "gravitational" 

principle, which is due to the formation of a high-energy space inside the universe and a low-energy 

space at the edge by the Big Bang. Interstellar objects will spontaneously accelerate towards the outer 

edge of the universe. The kinetic energy of the accelerated motion of interstellar objects comes from 

the reduction of internal energy of the objects. Therefore, the source of dark energy is most likely to 

be the reduction of internal energy of objects accelerating in the universe. This natural accelerated 

expansion of the universe is also a concrete manifestation of the principle of minimum energy. 

6. Conclusion: 

Based on the observed phenomenon of relative changes in the speed of light, this article proposes 

a postulate of relative changes in the speed of light. Combining the principle of the invariance of the 

speed of light and the principle of relativity, several physical phenomena are studied, and some new 

understandings are obtained. 

Time and space can both expansion and contract, but the expansion and contraction of spacetime 

must maintain a proportional relationship. When there is a difference in the speed of light between 

two reference systems, it will lead to relative expansion and contraction of spacetime between the 

reference systems, and create a difference between high-energy space and low-energy space between 

the two reference systems. This energy difference promotes the spontaneous movement of objects 

towards lower energy states, which not only conforms to the principle of minimum energy but also 

follows the law of conservation of energy. The self-force generated by the object provides a new 

physical explanation for the physical mechanism of universal gravitation. If the principle of relative 

change in the speed of light is established, then the above inference has important physical 

significance. 

In a vacuum environment, the motion of an object does not depend on external forces. As long 

as there is a relative change in the speed of light in space, the object can spontaneously move. If we 

can master the technology to change the spatial distribution of the speed of light, it is possible to 

develop a new type of electromagnetic engine. This technology will lead all engine technologies into 

a new era. 

In summary, the principle of relative change in the speed of light provides a new platform for 

thinking in physics research. It not only redefines our understanding of the invariance of the speed 

of light but also offers innovative theoretical tools for understanding core physical issues such as 

gravity, cosmic expansion, and dark energy. However, the comprehensive verification and 

application of this theory still require more experimental data support, as well as in-depth integration 

and revision of existing physical theories. The principle of relative change in the speed of light will 

play an important role in future physics and cosmology research. 
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