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Specific Energy Limit and its Influence on the Nature of Black Holes

What if the universe has a limit on the amount of energy that a certain mass can have?

This article explores this possibility and suggests a theory for the creation and nature of black holes based on an energetic limit.

The Specific Energy Limit

Energy is an extensive property, and we know that as we add more mass to a given system, we can easily increase its energy. Specific energy on the other hand is an intensive property. It is defined as the energy divided by the mass and it is measured in units of J/kg. If the mass is homogenous, specific energy does not increase as we add more mass to the system. It seems reasonable that if there exists such concept as an energetic limit, it will refer to the specific energy, so that no unitary mass can surpass this hypothetical boundary.

Let us start by considering the relativistic kinetic energy, 𝐸 𝑘 . This is the total energy of a mass minus the rest energy,

𝐸 𝑘 = 𝛾𝑚 0 𝑐 2 -𝑚 0 𝑐 2 , ( 1 
)
where 𝛾 is the Lorentz factor,

𝛾 = 1 √ 1 - 𝑣 2 𝑐 2 , (2) 
𝑚 0 the rest mass, 𝑐 the speed of light, and 𝑣 the speed of the mass. If we want to get the relativistic specific kinetic energy, identified by 𝜀 𝑘 , we need to divide the kinetic energy over the relativistic mass, 𝑚 𝑟𝑒𝑙 ,

𝜀 𝑘 = 𝐸 𝑘 𝑚 𝑟𝑒𝑙 = 𝐸 𝑘 𝛾𝑚 0 = 𝑐 2 - 𝑐 2 𝛾 . (3) 
For a more rigorous demonstration, refer to Appendix A. The maximum value of 𝜀 𝑘 can be obtained if 𝑣 is the speed of light. In that case, the Lorentz factor becomes infinite,

𝜀 𝑘 𝑚𝑎𝑥 = 𝑐 2 . ( 4 
)
In order to explore the limits in other types of specific energies (gravitational, electrostatic, internal, etc.), we will resort to the explanation that follows. Let us consider a mass with a specific potential energy greater than 𝑐 2 . Using the energy conservation law, that potential energy could be transformed into kinetic energy, but the mass would surpass the specific energy limit and we know from equation (4) that this would not be possible. Thus, we can argue that there exists a limit regardless of the type of specific energy.
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There is one caveat, the value of the gravitational potential energy, for example, depends on the reference taken. Nevertheless, the specific energy limit should not depend on the reference. For all the references that one could take, this energetic boundary should hold. Otherwise, if we consider the reference that would produce the greatest kinetic energy, we could theoretically surpass the specific energy limit, which cannot happen according to the previous description.

Black holes are undoubtedly one of the most violent phenomena in the universe, and if there exists an energetic limit they could be somehow related to it. The following section is a theory on the nature and creation of black holes taking into account this energetic limit.

Theory on the Creation of Black Holes

Let us consider a star that is about to collapse into a black hole. The gravitational pull is extremely high, and there could be particles of mass inside the star that are getting close to the hypothesized energetic limit. In this paper we will use the term particle and mass interchangeably. Appendix B provides a demonstration of why the center of the star is the location with highest internal energy if symmetry and homogeneity holds. If the particle that reached the specific energy limit (likely in the center) increases its energy, then it would be violating the energetic limit condition. This then poses the following question: what does nature provide in order to prevent the particle from surpassing the energetic boundary?

Fig. 1 (a) shows a simplified two-dimensional idealized representation of the forces acting on a particle located at the center of the star. We used a circular shape to represent the mass for simplicity, but it could be any random shape. For this explanation, we assume that the particle is about to surpass the energetic limit. If the particle is compressed due to these forces (Fig. 1 (b)), the magnitude of the forces acting on it would increase (Fig. 1 (c)). This follows from the demonstration of Appendix B for inner layers of a solid sphere. That would imply greater internal energy and a violation of the energetic limit. To avoid the previous scenario, we theorized that a new type of force could emerge from the center of gravity of this particle and in opposite direction to those forces already present in the particle (Fig. 2 (b)). The purpose of this force is to prevent the compression of the particle beyond a certain limit, and thus to avoid surpassing the energetic boundary. This force would create a non-existent space-time region inside the particle itself, as seen in Fig. 2. According to the energetic limit, no particle can exist with a specific energy greater than 𝑐 2 , thus, it may seem reasonable that the inner
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3 / 7 region of the described system is non-existent. As a result of these two sets of forces (outer and inner), the mass of the particle would be compressed and scattered into an extremely thin shell (Fig. 2 (c)). This new type of force that tries to preserve the energetic limit could be understood as the reaction force that the non-existent region exerts to the existent region when the particle tries to cross to the other side. In theory, it could be similar to the reaction force that we experience when pushing a wall.

Initially, the shell would be formed by the mass of the particle that reached first the energetic limit. The remaining mass of the collapsing star would eventually fall into the shell gradually because of the gravitational pull. Nevertheless, in order to avoid surpassing the energetic limit, the shell would need to grow as more mass its added on it. In other words, every particle of falling mass would spread over the shell and expand the shell to avoid an excess of overlapping mass. The specific energy of a mass on the shell coincides with the specific energy limit, 𝑐 2 , since every mass is precisely in the boundary between the existent and non-existent region.

If there are other locations of the imploding star that are collapsing as well, they would be eventually colliding and merging into a bigger entity. The shell stops growing once it has the entire mass of the star.

To summarize, we believe this shell is a black hole, and that the energetic limit plays a key role in the creation of it.

Comparison of the Theory

The process described in the previous section of this paper is a theory that proposes a potential mechanism for the creation of black holes. The theorized empty nature of the black hole could also be perceived from the fact that the black hole entropy is only dependent on the area of its surface, not on its volume.

We now compare this theory with the specific energy of a hollow Schwarzschild black hole. To begin with, we know that the Schwarzschild radius is directly proportional to the mass of the black hole. In our theory we state that the size of the shell of the black hole should also increase as more mass its added to it, to preserve the specific energy. Second, we will calculate the specific energy of a particle of the Schwarzschild black hole. There are two essential results from the development that follows in order to be compatible with the theory proposed in this paper: the specific energy of any particle should be exactly 𝑐 2 , and this should be the value regardless of the size of the black hole.

In order to be coherent with the theory, we incorporate an inner force that is exerted on the inside of the black hole, which balances the outer gravitational force of the black hole to keep it stable. Fig. 3 shows a mass 𝑚 sufficiently small and concentrated at the surface of the hollow Schwarzschild black hole, along with the forces acting on it, taking into consideration the presence of the inner (or reaction) force.

Figure 3. Mass 𝑚 sufficiently small and concentrated at the surface of the hollow Schwarzschild black hole and the forces acting on it considering the presence of the inner force. The width of the shell is exaggerated for its representation.

The total energy of the mass shown in Fig. 3 is the sum of the energetic contributions of both forces acting on it: the gravitational force (𝐹 𝑔 ) and the inner force (𝐹 𝑖 ). The gravitational force acting on a mass 𝑚 on the surface of a hollow sphere of mass 𝑀 and radius 𝑅 is

𝐹 𝑔 = 𝐺𝑀𝑚 𝑅 2 . (5) 
Recall that there is no difference between (5) and the formula of a gravitational force that a solid sphere would exert on the particle. Let us take as reference the center of the sphere. We do so because this reference is the one that implies the greatest gravitational energy, and according to the proposed theory, the energetic limit should apply regardless of the reference. Thus, the gravitational potential energy is

𝐸 𝑔 = 𝐺𝑀𝑚 𝑅 , (6) 
and the specific gravitational energy is

𝜀 𝑔 = 𝐺𝑀 𝑅 . ( 7 
)
We now replace 𝑅 in ( 7) with the value of the Schwarzschild radius,

2 𝐺 𝑀 𝑐 2 , 𝜀 𝑔 = 𝑐 2 2 . ( 8 
)
We can see that the gravitational specific energy of the Schwarzschild black hole is constant regardless of the size or the mass of the black hole, as predicted.

Next, we determine the energetic contribution of the inner force. The inner force was introduced in the previous section of this paper as a reaction force. If that would be the case, it wouldn't have any energetic contribution.

This force "protects" any mass from falling to the non-existent region, and as such it can be seen as a reaction, but it is also responsible for the inflation (or expansion) of the black hole. In fact, it is dependent on the location, just like the gravitational force that balances. Thus, classifying it as a Hollow Schwarzschild Black Hole 5 / 7 regular reaction force might not be accurate. From our perspective, it could be a conservative force like the gravitational. If we accept the previous assumption, its energetic contribution would be the same as the gravitational force:

𝜀 𝑖 = 𝑐 2 2 . (9) 
Adding both, the resulting specific energy is 𝑐 2 .

The Value of the Net Force

We can think of the reaction force of the black hole in terms of the pressure exerted on the inner surface of the black hole's shell of mass. To calculate this pressure, 𝑝, let us consider the mass 𝑚 depicted in Fig. 3, subject to the gravitational and the reaction forces, 𝐹 𝑔 and 𝐹 𝑖 . We will identify 𝑎 as the portion of area of the inner surface and 𝐴 as the entire area. We know that since the forces are balanced,

𝐹 𝑖 = 𝐹 𝑔 , (10) 
𝑝𝑎 = 𝐺𝑀𝑚 𝑅 2 . (11) 
Substituting the Schwarzschild radius,

𝑝𝑎 = 𝑚 𝑀 𝑐 4 4 𝐺 . (12) 
We assume that the mass is evenly distributed over the surface. Then, the following proportionality holds

𝑎 𝐴 = 𝑚 𝑀 . (13) 
Using ( 13) in ( 12) leads to

𝑝 = 𝑐 4 4 𝐺𝐴 . (14) 
Expression ( 14) defines the pressure exerted on the inner spherical boundary. Should we decide to flatten this surface, such that the forces do not neutralize each other, the net force over that area would be

𝐹 𝑛𝑒𝑡 = 𝑝𝐴 = 𝑐 4 4 𝐺 . ( 15 
)
or expressed as a function of the hypothesized energy limit, 𝜀 𝑚𝑎𝑥 ,

𝐹 𝑛𝑒𝑡 = 𝜀 𝑚𝑎𝑥 2 4 𝐺 . ( 16 
)
Equation ( 15) is profound, since it reveals that the net force exerted on the black hole, and similarly the net reaction force, are not dependent on the size nor the mass of the black hole, but rather they are both constant. In other words, all the Schwarzschild black holes have a net force of approximately 1.21 × 10 44 [N], which provides a new insight on what this theorized type of forcefield could be.
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Further Considerations

In the case of spinning black holes, the shape of the event horizon is not a sphere. The contribution of the rotational energy is greater the further we are from the rotation axis. If we follow the theory presented in this paper, the gravitational contribution at the hemisphere should be smaller to avoid surpassing the energetic limit. Thus, the hemispherical ring of a rotating black hole would be further from the center than the poles in order to have a smaller gravitational energy. This coincides with what we know so far from rotating black holes. In fact, it would be an interesting exercise to derive the radii of the Kerr, Kerr-Newman, or the Reissner-Nordström black holes, using the energetic limit. To do so, we would need to consider the combined effect of the electrostatic, the rotational and the gravitational specific energies. Nevertheless, one can perceive the influence of the energy from the fact that the charge, the rotation, and the mass can produce different shapes of black holes.

Conclusion

To conclude, this paper proposes three theories. First, we described the concept of specific energy limit. Second, the introduction of a new type of force that prevents any particle from surpassing the energetic boundary (i.e., crossing to the non-existent region of space-time). Third, we illustrate the shell nature and formation of the black hole using the specific energy limit. Future work should focus on simulations to benchmark the proposed theory with observations. Additionally, further research should be done in the quantum mechanics of the proposed theories.
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Appendix B

We assume a symmetric and homogeneous solid sphere subject only to its own gravitational pull. For this development, we consider a sector of the sphere in which we make radial partitions or sections to visualize the internal forces acting on each section. Fig. 4 shows the sector of the sphere and the radial partitions chosen. Additionally, we know that the gravitational force exerted on a mass inside a solid sphere is proportional to the distance to the center of the sphere. Fig. 4 also shows the gravitational forces that would act on each of the centers of gravity of the radial sections. Let us do a rigid body analysis of each of the sections to see the forces that are present. Fig. 5 shows the reaction forces (identified by 𝑅) and the gravitational forces (identified by 𝐹 𝑔 ) for each section. This figure reads from left to right. We can appreciate how the reaction force of deeper sections incorporates not only the gravitational force of the current section, but also the reaction force from the previous section.

Figure 5. Rigid body analysis for each of the four sections considered of the sphere's sector. Note that we did not add the reactions of section four because we restricted the study to this particular sector (section four is part of the core of the sphere).

As shown in Fig. 5, the center of the solid sphere is the location subject to the greatest amount of force, and thus with the highest internal energy. 

Figure 1 .

 1 Figure1. Two-dimensional idealized representation of the forces acting on a particle located at the center of the star, where (a) depicts the initial configuration of the particle, (b) the compression of the particle, and (c) the final configuration of the particle with an increase in the magnitude of the forces.

Figure 2 .

 2 Figure 2. Creation of the non-existent space-time region inside a particle that is about to surpass the energetic limit, where (a) depicts the initial state in which the creation of the reality boundary occurs, (b) the intermediate state and expansion of the reality boundary, and (c) the final state and formation of the thin shell.

Figure 4 .

 4 Figure 4. Sector of the solid sphere and radial sections with the respective centers of gravity and their associated gravitational forces.
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Appendix A

We consider the derivative of the energy as a function of the relativistic mass,

We also know that 𝛾 does not depend on 𝑚 0 , so

which finally leads to