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 RESEARCH ARTICLE 

Use the Schwarzschild metric to calculate the proton-to-electron 
mass ratio 

Zhi Cheng 

INTRODUCTION 

he Einstein tried to unify gravitational and electromagnetic 
interactions. Based on Einstein's profound insight into the laws 

of physics, his idea should still contain very deep meaning. It's just 
that our ability to think is not as cognitive as Einstein's, so many 
times we think that this is not feasible. 

There are many similarities of gravitational interactions and 
electromagnetic interactions. The main manifestation is that both 
show an inverse square relationship. In addition, there is now enough 
evidence to suggest that both electromagnetic and gravitational 
interactions are related to changes in space-time. If we accept that 
gravitational interactions are caused by the bending of space-time, 
then electromagnetic interactions that are stronger than gravitational 
interactions can also cause space-time bending. In this way, we can 
also use the curvature of space-time to represent the existence of 
electromagnetic interactions. 

We can also note that gravitational and electromagnetic interactions 
produce the same effect of exerting force. This is also the basic 
principle of the current maglev train. 

For simplicity, a spherically symmetric electromagnetic field is used 
for the calculation. In general relativity, the only thing that can be 
accurately calculated is the spherically symmetric gravitational field. 

And in the spherically symmetric gravitational field, we already have a 
very concise Schwarzschild solution. This paper introduces the 
Schwarzschild solution of the gravitational field into the 
electromagnetic field, so that a spherically symmetric electromagnetic 
field metric similar to the Schwarzschild metric can be constructed. 
This electromagnetic field space-time metric can be used to describe 
the bending effect of electromagnetic interactions on space-time. 

Spherically symmetric electromagnetic field space-time metric 
Let's start by listing the Schwarzschild metric so that we can compare 
them later. 

2
1 0 0 0

2

1
2

0 1 0 0
2

20 0 0

2 20 0 0

Gm

rc

Gm
g

rc

r

r sin





 
  
 
 

  
      
 
 
 
 
 

From the Schwarzschild metric, when 
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ABSTRACT 
This paper attempts to apply the Schwarzschild metric of the 
gravitational field to the electromagnetic field to obtain a 
Schwarzschild radius in an electromagnetic field. According to this 
radius, microscopic space-time can be divided into two parts, the 
real space-time outside the radius of the electromagnetic field 
Schwarzschild, and the virtual (or imaginary) space-time within the 

radius. The properties of these two space times are exactly similar to the space 
time features inside and outside the radius of the event horizon in gravitational 
black holes. Combined with virtual space time-based particle models and the 
latest experimental data on proton electromagnetic radius, we can calculate a 
more accurate proton-to-electron mass ratio  
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This radius is called the Schwarzschild radius. 

Therefore, when constructing the space-time metric of the 
electromagnetic field, the main work is to construct a formula similar 
to the Schwarzschild radius in the electromagnetic field. 

In the electromagnetic interaction column, similar to Newton's 
gravity, Coulomb's law is similar. Among them, Newton's law of 
gravity 
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And the Coulomb’s law 
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Comparing Newton's laws of gravity and Coulomb's laws, we can see 

that 
2

Gm can be replaced by  2
/ 4e   in Coulomb's law. 

Now let's change the formula for the Schwarzschild radius slightly 
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Following the above requirements, the corresponding terms are 
replaced, and finally we have the Schwarzschild radius formula for the 
electromagnetic field. 
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Since the mass m here is a relatively special mass, we can get it in ms 
terms 
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This way we can get the Schwarzschild metric of the electromagnetic 
field 
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Event horizon boundary for electromagnetic fields 
At the microscopic scale, if the radius is equal to the Schwarzschild 
radius of the electromagnetic field, we can find that spacetime is 
divided into two parts. Beyond the Schwarzschild radius is real 
spacetime. Within the Schwarzschild radius, it's virtual spacetime. 
This is consistent with the black hole solution of the gravitational 
field. 

Since the spin velocity of the electromagnetic field is equal to the 
speed of light, it can serve as the boundary between virtual spacetime 
and time spacetime [1,2]. This radius can be calculated approximately 
equal to 
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where mpf indicates the electromagnetic mass of protons caused solely 
by electromagnetic interactions. 
Such 
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In addition, in the theory of virtual or imaginary spacetime, ms is the 
boundary mass between virtual spacetime and real spacetime [1, 2]. If 
the mass of electrons and protons has a symmetric relationship, the 
following relationship can be satisfied  
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Then we can calculate the proton-to-electron mass ratio 
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As can be seen from the calculations, this mass ratio is much smaller 
than the results measured experimentally. 

Consider the energy of strong interactions 
If we do not consider that protons contain internal structures, 
according to the theory of virtual spacetime, the electromagnetic 
radius of a proton is about 1.41fm [2]. This is larger than the 
currently accepted experimental value of 0.84fm [3]. This difference 
may be related to the energy generated by the strong interaction 
within the proton. 

Here, the particle model based on virtual spacetime is improved 
according to the experimental measured electromagnetic radius [2]. 
For formulas 
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Since the mass of electrons is an experimentally measured value. 
Moreover, the electron mass is very light, and the electron does not 
participate in strong interactions, so the electron mass cannot be 
changed in the above formula. In this way, we can multiply by a factor 
g to reflect the change in electromagnetic radius due to the strong 
interaction.  Namely 
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Substituting the experimental value of 0.84fm, it can be obtained 
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Considering that the electromagnetic mass is inversely proportional 
to the particle radius, this also means practical 

2
2

8

e
m cp r

e




Therefore 

m r
p p

g
m r

e e


If the additional energy generated by the strong interaction is not 
taken into account at all, there should be 
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This is still relatively close to the experimental measurement. 

CONCLUSIONS 

How to unify electromagnetic interactions with 
gravitational interactions has always been a problem that Einstein 
pondered in his later years. One contribution of this paper 
is to apply the Schwarzschild metric in gravitational interactions 
to electromagnetic interactions, from which the similarities 
between gravitational and electromagnetic interactions can be seen. 

In addition, from the calculations in this paper, it can also be 
seen that proton has an internal structure, and it is precisely 
because of this internal structure that there is a strong 
interaction, and this strong interaction will cause the mass of the 
proton to be measured and the result is greater than the 
mass obtained by the electromagnetic interaction. By using the 
electromagnetic radius value of the proton measured 
experimentally, and using it to correct the results calculated by the 
particle model based on Virtual Spacetime, a more accurate proton-
to-electron mass ratio can be obtained. 

However, from the calculation results, the error is still relatively large, 
which also indicates that the structure of protons may be 
more complicated. There are many factors that can affect the 
mass of protons and electrons. 

Use the Schwarzschild metric 
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