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Lorentz transformation of gravitational field 
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Abstract 

The transformation relationship between different reference systems follows the principle of Lorentz 

transformation. In general relativity, the curvature of space-time caused by mass is regarded as a 

non-inertial frame of reference, so there is also a problem of frame of reference transformation. If 

the concept of virtual space-time is introduced, we can see that the existence of gravity can also 

introduce the Lorentz transformation relationship, so that we can deal with the problem of gravity 

in a simpler way. This article analyzes the static gravitational field, and obtains a result consistent 

with the Schwarzschild solution of relativity in a more concise way. 

1 Introduction 

The Lorentz transformation relationship can be used to transform time and space between different 

reference systems. In this way, the physical laws in one frame of reference can be transformed into 

another frame of reference. This has been supported by a large number of physical facts. 

For space-time with mass, general relativity regards it as a non-inertial frame of reference. The 

characteristic of the non-inertial reference frame is the bending phenomenon of time and space. 

Since the existence of gravity leads to changes in the frame of reference, the Lorentz transformation 

relationship should also exist in the gravitational field. This article points out through analysis that 

a non-inertial system with mass can also have its own set of Lorentz transformation relations. 

Through the Lorentz transformation of this gravitational field, some seemingly complex 

gravitational field problems can be analyzed relatively simply. 

2 The essence of Lorentz transformation 

We start with the analysis from the mass-energy relationship in the theory of relativity: 

ℰ2 = 𝑚0
2𝑐2 + 𝑝2𝑐2 

This reflects the relationship between mass, momentum and energy. 

The above formula can also be written as 

𝑚2𝑐2 = 𝑚0
2𝑐2 + 𝑚2𝑣2𝑐2 
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Then the result will be 

𝑚 =
𝑚0

√1 −
𝑣2

𝑐2

= 𝛾𝑚0 

In fact, it can also be 

𝛾 =
𝑚𝑐2

𝑚0𝑐2
=

ℰ

ℰ0
 

In other words, the Lorentz transformation coefficient is the ratio of the energies of the two reference 

systems. This may better reflect the nature of Lorentz transformation. 

The transformation relationship of the time interval can be expressed as 

𝑑𝑡 = 𝛾𝑑𝑡0                                                                                   (1) 

That is 

ℰ0

ℰ
=

𝑑𝑡0

𝑑𝑡
 

Where 𝑑𝑡0 is the time interval of the rest reference system and dt is the time interval of the motion 

reference system. 

It can be seen from this transformation relationship that the time interval between the two reference 

systems is consistent with the ratio of the energy of the particles in the two reference systems. This 

reflects that the time of the moving frame of reference is slower than the time of the stationary frame 

of reference. 

For the transformation relationship of length. If the frame of reference moves along the x-axis, then 

𝑑𝑥 = 𝛾−1𝑑𝑥0                                                                                   (2) 

It can also be represented as 

ℰ0

ℰ
=

𝑑𝑥

𝑑𝑥0
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3 Lorentz transformation of gravitational 

field 

If there is a gravitational field, two frames of reference can also be used for comparison. 

Think of infinity as a frame of reference ℛ∞ . There is no gravitational field in this frame of 

reference. 

Consider the distance mass M and the center of mass r as another frame of reference ℛ𝑟 

Then in the frame of reference ℛ∞, a particle has energy ℰ∞ = 𝑚0𝑐2 

Considering that the frame of reference has changed, the mass of particles in the frame of reference 

ℛ𝑟 may change. This is the same as in different inertial systems. Suppose the mass of the particle 

in the frame of reference ℛ𝑟 is m. In addition, the particle is still in the gravitational field generated 

by a large mass with a mass of M. Adding the potential energy V, the total energy of the particle is 

ℰ𝑅 = 𝑚𝑐2 + 𝑉 

Below we consider the existence of a virtual space-time. Then the above-mentioned energy is the 

energy measured from real space-time. From the perspective of virtual space-time, according to the 

viewpoint of virtual space-time physics [1], mass corresponds to the energy of virtual space-time. 

However, the potential energy here is the energy of the real space-time. Therefore, if the energies of 

two different time and space are to be added, the sum of squares relationship should be used. That 

is, if you observe this particle from virtual space-time, its total energy should be 

ℰ𝑉 = √(𝑚0𝑐2)2 + 𝑉2 

Then consider that although the energy is observed in different time and space, the two should be 

equal. therefore 

ℰ𝑅 = ℰ𝑉 

Then  

𝑚𝑐2 + 𝑉 = √(𝑚0𝑐2)2 + 𝑉2 

Then we can get 

(𝑚𝑐2)2 + 2𝑉𝑚𝑐2 = (𝑚0𝑐2)2 

The formula of potential energy is  
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𝑉 = −
𝐺𝑀𝑚

𝑟2
 

Then we can get 

𝛾 =
ℰ2

ℰ0
2 =

(𝑚𝑐2)2

(𝑚0𝑐2)2
=

1

1 −
2𝐺𝑀
𝑟2𝑐2

 

Therefore, according to formula (1), we can get 

𝑑𝑡0
2

𝑑𝑡2
= 1 −

2𝐺𝑀

𝑟2𝑐2
 

Or  

𝑑𝑡0
2 = (1 −

2𝐺𝑀

𝑟2𝑐2
) 𝑑𝑡2 

It can be seen from this formula that the time period observed at the position r away from the 

gravitational source is longer than the time period observed when there is no gravitational field 

(equivalent to infinity). This also means that the existence of a gravitational field causes time to 

become slower. 

And from formula (2) we can get 

𝑑𝑟2

𝑑𝑟0
2

= 1 −
2𝐺𝑀

𝑟2𝑐2
 

Or  

𝑑𝑟0
2 = (1 −

2𝐺𝑀

𝑟2𝑐2
)

−1

𝑑𝑟2 

This shows that the existence of the gravitational field causes the radial length to become shorter. 

From the perspective of the Euclidean distance change, the Euclidean distance without a 

gravitational field is 

𝑑𝑠2 = −𝑑𝑡2𝑐2 + 𝑑𝑟2 + 𝑟2𝑑𝜃2 + 𝑟2𝑠𝑖𝑛2𝜃𝑑𝜑2 

If the gravitational field exists,  𝑑𝑟2 and 𝑑𝑡2 will change. which is 

𝑑𝑡2 → (1 −
2𝐺𝑀

𝑟2𝑐2
) 𝑑𝑡2 
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𝑑𝑟2 → (1 −
2𝐺𝑀

𝑟2𝑐2
)

−1

𝑑𝑟2 

And 𝑟, 𝜃, 𝑑𝜃, 𝑑𝜑 will not change. At this time, the Euclidean distance will become 

𝑑𝑠2 = − (1 −
2𝐺𝑀

𝑟2𝑐2
) 𝑑𝑡2𝑐2 + (1 −

2𝐺𝑀

𝑟2𝑐2
)

−1

𝑑𝑟2 + 𝑟2𝑑𝜃2 + 𝑟2𝑠𝑖𝑛2𝜃𝑑𝜑2 

It can be seen that this is completely consistent with Schwarzschild's solution. 

Through the above analysis, we can also see that the mass of the object has changed in the 

gravitational field. The mass m0 at infinity has become the mass m in the gravitational field. This 

may be used as an important evidence to test the conclusion of this article. 

4 Conclusions 

This article obtains Schwarzschild's solution through another simpler way. Of course, this is not to 

overturn the conclusion of the theory of relativity, but to think that besides the theory of relativity, 

there may be another way to understand the laws of nature. 

Judging from the analysis results of this article, the existence of gravity actually changes the energy 

of the object. This energy change will also produce another form of reference frame transformation. 

If the energy change of an object caused by the existence of gravity is regarded as the same 

parameter as the energy change caused by the change of speed, then the Lorentz transformation of 

gravity can also be introduced to obtain some meaningful results. Of course, gravity is different 

from electromagnetic force. There are no two fields, electric and magnetic fields, that can exchange 

energy with each other. Therefore, it may be necessary to introduce virtual space-time when 

conducting similar analysis. This can also prove the existence of virtual space-time on another level. 

Of course I have also noticed that many authors have tried to perform the Lorentz transformation of 

the gravitational field a long time ago [2]. However, since the existence of virtual space-time is not 

considered, the Lorentz transformation process of this gravitational field will be more complicated. 

Of course, the analysis in this article must have conclusions that are not consistent with general 

relativity. For example, the analysis in this article shows that in the gravitational field, the mass of 

particles in gravitational field will change. This is the same as the change in the speed of the object's 

movement causes a change in the mass of the object. 
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