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Abstract 
This article describes an extension of the theory of vortices to electromagnetic 
types with a start point from known fluid systems. From this, properties of 
gravity-generating objects (particles and black holes) can be derived, which 
can also describe their possible interior. This also leads to questions about 
stability, which are then addressed and ultimately lead to considerations of 
black holes and their possible internal structure. The results fit into the ob-
servable areas and can also be directly verified because they were analytically 
calculated in SI units. 
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1. Introduction 

In the year 1864 J. C. Maxwell published his dynamical theory of the electro-
magnetic field [1]. Although this theory has become a part of the standard of 
modern physics and electro techniques, one part of his theory concerning the 
vector rotation is not been given enough attention. This vector rotation can be 
found in the law of induction and Ampere’s law. In those two equations, the 
vortex can be found directly. It seems to suggest itself to further look into the 
subject of the electromagnetic (EM) vortex and its implications for other objects. 
The basic mathematic principle has already been shown in a previous article and 
some details of the implications now should be handled in a more precise man-
ner [2]. 

Before the description of mainly unknown objects can be started, is necessary 
to establish the foundation. A good point to start is the rotation of vectors of 
conventional (fluid) systems. From there on it can be transformed to these prin-
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ciples of EM systems [3]. With the used SI units, the assumptions can be meas-
ured and verified directly.  

Assuming the EM vortex has similar characteristics as the fluid vortex, there 
will result interesting equations [4]. The structure of a vortex consists of the area 
of rotation, called the nucleus, and the area circulation which surrounds the 
nucleus. The nucleus and the circulation zone differ significantly in their beha-
viors, whilst assuming that the nucleus itself behaves like a rigid body. This 
means that it has a constant rotational velocity. This is comparable to usual 
fluid mechanics of vortices [5] [6]. The vortex itself depicts a deformation of the 
spacetime if it is handled and understood as an electromagnetic-gravitational 
object. A special part of this theory is the correlation between pulse and electro-
magnetism. It is assumed that the observed charge is represented by the mean 
value of the disturbance of the spacetime. The spacetime is assumed as 
6-Dimensional (3× Space, Time, E- and H-field). The charge itself is understood 
as a non-equalized deformation of the E-field part. This assumption would also 
easily explain in a geometric way how the action of the field itself is done. In ad-
dition it explains the charge as a non-compensated part of the spacetime and al-
so would explain why the charge can’t be annihilated without any counter 
charge. One of the further assumptions is that not only gravity deforms the space 
and in addition the accelerated charge, but although respective accelerated EM 
waves can form a dynamic interaction with gravity [7]. The pulse (Poynting 
vector or power flow) and especial the change of it seem to play an important 
role.  

Remark: With this assumption it is understood that everything which contains 
positive energy is travelling at least with a part of itself (light, radio waves, the 
(EM) waves inside of elementary particles) with speed of light and only the cen-
ter of mass from the derived particle or black hole is slower than speed of light 
and is not able to reach speed of light which can be observed in the Lorentz 
transformation. A steady movement/rotation inside the objects reflects the zero 
point energy or can explain its existence in an electromagnetic way [8].  

2. The Vortex as Electromagnetic Rigid Body and Its  
Properties 

As mentioned, in the case of a vortex it can be envisioned that the inner core has 
a constant angular velocity (ω) and therefore behaves rigidly. However, this 
means that the internal phase relationships are also constant and, apart from the 
Lorentz transformed properties, otherwise undistorted. But if one looks at the 
area outside, the space distorts and changes as shown in Figure 1.  

This happens from the point of the highest orbital speed (for EM waves: c) rp 
and decreases with increasing distance to this point. One can imagine that the 
phase changes with the frequency [9]. This would also be consistent with the 
theory that the space around heavy masses is distorted. It should be noted that 
the density in the area of the vortex is not insignificant and also creates an  
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Figure 1. Distortion in the vortex. 
 
interaction zone outside due to the resulting spatial distortion. This would then 
correspond to the expected “fuzzy” behavior during the interaction since the 
vortex itself is precisely determined in its parameters but cannot be precisely de-
fined [10]. This is shown in Figure 2. 

In relation to a rotating EM wave, one can imagine the situation of such a 
vortex. The wave travels at a maximum speed of light c (accommodating space is 
vacuum) at radius rP. This can be assumed because, as a rule, energy transport 
cannot take place faster than the speed of light [11]. One can assume that the 
rotating EM pulse of the vortex/object is concentrated on the outer ring as an in-
finitely thin ring. All calculations and comparisons with measurement results at 
least point to this assumption [2]. The following applies to rotation: 

2I mr=                              (1) 
2

2rot
LE
I

=                             (2) 

I is the moment of inertia, m is the moving mass, r is the radius of rotation 
and L is the fixed angular momentum and E the energy. In the vortex itself, due 
to the shortening with the Lorentz transformation (circular movement is accele-
rated movement), the circumference is shorter than π times the diameter as 
shown in Figure 3. Without the shortening, this cannot normally be achieved 
geometrically [2].  

If for example, half the circumference would correspond to the π-quarter 
diameter, the shortening factor κ would be calculated in a circle and this is only 
possible relativistically, otherwise it violates the elementary geometry. 

1
4 4

r rκ κπ
= ⇔ =π                         (3) 

The example corresponds to a theoretical free space propagation of a wave 
that “meets itself” in a circle. In reality, however, the whole thing is more com-
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plicated and the shortening is different (fine structure constant α for shorten-
ing). It is assumed that the holding forces and dimensions result from the clear 
electrical determinacy of the object, thus they are electromagnetic in nature and 
the wave train cannot be torn apart (conservation of charge). Furthermore, it is 
assumed that the elementary charge can only be defined in the integral (ζ is the 
arbitrary “charge amplitude” or deflection of the room) since, according to the 
current model, it is distributed unevenly in the system. 
 

 

Figure 2. Vortex with a rigid core and its speed ratios. 
 

 

Figure 3. Representation of the adjustment of the necessary relativistic shortening in the vortex. 
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3

4
eQ

E rε
=

π
                         (6) 

And this means for the charge e: 
2 4e E rε= π                          (7) 

Which also corresponds to the 2nd vortex constant [2]. In other words, this 
means for the radius: 

2

4
er

E ε
=

π
                          (8) 

According to the original calculations, the energies agree exactly even when 
assuming a circular ring (based on the mass moment of inertia of an infinitely 
thin ring). It is assumed that the momentum and the charge automatically shift 
to the largest diameter and the mass is therefore concentrated there, which then 
leads to the assumption of an infinitely thin circular ring because the moment of 
inertia is thereby maximized and the energy is therefore minimized. However, 
this still needs to be clarified in detail in further consideration. 

3. The Vortex 

If we now look further at the theory of rigid EM vortices, we can mathematically 
assume that the vortex can be described by the vector: 

1
2

rotU=Ω                         (9) 

The amount ω=Ω  is the angular velocity inside. The vortex describes a 
rotation of electric and magnetic fields. Contrary to hydrodynamics (friction in 
fluids), for easier consideration it is now assumed that this value is constant over 
time. This is based on the assumption that there is no internal friction in par-
ticles or black holes because their properties do not change over time without 
external influences [12]. Furthermore, it should be further assumed that the 
highest orbital speed at the radius resulting from the radius is the speed of light. 
Higher speeds are fundamentally ruled out because energy or an impulse cannot 
be transmitted faster than light. The vector Ω (Figure 2) points out of the plane 
of projection and is perpendicular to the x and y axes. Using Stokes’ theorem, 
the surface integral can be rewritten into a ring integral. This means that both 
integrals are equivalent. In case of a circular circulation and thus a circular area, 
the solution is analytically simple. 

d d

1
2

A

U s rotU A

rotU

=

Ω =

∫ ∫

                     (10) 
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With A: Area of vortex core ( 2A r= π ). One function, the circulation ζ, is used 
as a measure of the strength of the vortex. 

( )d 2U s rU rζ = π= ∫                    (11) 

With a circle and the radius and a contour length l of  

2l r= π                          (12) 

U is a function of the velocity. This results from Stokes’ theorem: 

2 2
1 1 2d d

2 2 2
rU UrotU A U s

A rr r
π

Ω
π

= =
π

= =∫ ∫           (13) 

The vortex core is rigid and therefore Ω must be independent of the radius r. 
This means that the speed is also proportional to the distance r from the center. 

But since, as mentioned, the maximum speed cannot be more than the speed 
of light, there is a hard limit here. 

The mean value is a measure of the strength of the vortex per surface element. 

2A
ξ

Ω =                          (14) 

If we look at a frictionless medium (which the vacuum is), it also follows from 
the conservation laws that vortices can be deformed but the total angular mo-
mentum and the total mass must be conserved. For a cylindrical vortex with an-
gular momentum L, the conserved quantity applies: 

1 2L L=                          (15) 

L Iω=                          (16) 

21
2

I Mr=                         (17) 

With I: momentum of inertia and mass M and radius r follows then: 
2 2

1 1 1 2 2 2M r M r=Ω Ω                      (18) 

or alternatively  

1 1 2 2I I=Ω Ω                         (19) 

Since these are elementary objects, the mass and radius can change. If we con-
tinue to look at the matter geometrically as a rigid body, then vector notation 
applies: 

= ⊗U rω                         (20) 

or scalar: 
U rω=                          (21) 

However, since classical mechanics have to be transformed asymmetrically to 
the speed of light, the vortex vector is shortened asymmetrically by the factor of 
the fine structure constant (transformation U → c means r → rp/α) [2].  

p

U c
r r

α= =Ω                        (22) 

with c: speed of light and α fine structure constant. And with the Energy equa-
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tion leads to 

E ω= Ω=                         (23) 

p

E c
r
α

=
                          (24) 

4. Stability Analysis of Simple Matter 

If one now assumes that the electrical vortex under consideration is also the ba-
sis for much heavier objects, an equation for the radius results. It is also con-
ceivable that part of the dark matter is also constructed as an EM vortex. 

This means that as the energy increases, the radius of the object decreases, 
since the fine structure constant and Planck constant are considered constant 
and the speed of light cannot increase. 

p
cr
E
α

=
                            (25) 

This applies to normal matter (electron, muon, tauon) in which only the elec-
tron is stable. And heavier particles break down again. However, with singularities 
that also appear to be stable and no longer decay, the question arises as to where 
the limit might lie. The underlying assumption here is that singularities do not 
have a complex structure inside, otherwise this could be further compressed [13]. 
This is also consistent with the assumption that these are “point-like” objects. 

In order to create a black hole and violate the stability that occurs with normal 
matter, matter must now be compressed to such an extent that its original radius 
is less than the Schwarzschild radius [14]. The radius is calculated: 

2
2

S
Gmr
c

=                           (26) 

where G is the gravitational constant (6.67259E−11 m3/(S2∙Kg)) and m is the 
mass of the object. However, the radius does not apply to stable orbits which we 
assume for a rotating EM wave. Therefore it makes more sense to take the pho-
ton sphere which is 3/2 larger than the Schwarzschild radius [15]. 

2
3 3
2 sPhr r Gm

c
= =                        (27) 

Now it is assumed that the particle contracts at the moment when it wants to 
decay (like muons or tauons) then becomes stable again because it is held to-
gether by its own gravitational force or, in other words: the particle swallows it-
self! So if we equate the masses of both objects (lepton and photon sphere), we 
get a particle radius. 

2
0

4p
p

em
r
µ
π

=                          (28) 

With e elementary charge and µ magnetic field constant: 
2

3
SP

SP
c rm

G
=                          (29) 

And with SP Pr r=  follows: 
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                       (30) 

Surprisingly, this value depends only on natural constants and amounts to an 
upper diameter of rSP = 2.3911E−36 = rBH meters. Everything smaller “swallows 
itself”. This value would then arise for a primordial black hole that resulted from 
a collision or compression during the Big Bang [16]. An alternatively calculation 
can be found. 

If the shape is simply assumed that of a sphere (in reality it probably is more a 
shape of a torus), the density can also be calculated. 

With the volume and the density 

34
3

V r= π                           (31) 

m Vρ =                           (32) 

A possible density is then calculated: 
2 2 4

2 2 2
03 4 3

SP

SP

c r c c
G G r G e

ρ
µπ

= = =                  (33) 

32.086E80 kg
mBlackHoleρ =  

In comparison with the density of conventional, stable matter, it shows: 
2

0
2 4 3

kg3 9.72E12
16 melectron

electron

e
r
µ

ρ =
π

=  

3
kg1.222E15
mProtonρ =  

So the ratio between the density of the black hole and the density of the pro-
ton is 1.7E65. This also shows that normal matter is clearly far away from such a 
gravitational collapse! This also corresponds to the observation that significant 
compression is required to cause gravitational collapse [17]. A very interesting 
alternative calculation for the density and its internal structure of black holes can 
also be found in [18]. The creation of black holes in accelerators will probably 
take some time to come. 

5. A Possible Explanation of the Structure of a Black Hole 

Since no real singularities with a radius of exactly zero can occur in nature, as 
this contradicts the basic principles of physics (rotational energy can only be 
stored if a radius is present), the question remains how the problem can be 
solved. An approach that combines this theory and practice will now be pre-
sented. As mentioned, in principle a singular object with a radius of zero whose 
properties are difficult to combine with other areas of physics must be explained 
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and of course the calculations point to very small objects that have a small ra-
dius. In experimental physics, for example, energy is stored in a rotating object 
with radius r. When contracting, the radius decreases but the energy cannot 
disappear (which is also confirmed in measurements of the objects’ mass) and 
the angular momentum cannot disappear either. An object with an exact radius 
of zero cannot store energy. This is obviously a contradiction to the measure-
ment observation [19]. The following picture shows an approach as to how the 
singularity can still be singular but the radius is not zero and therefore energy 
can be present in the object. This is also in line with the definition of “point-shaped” 
which only means that no special internal structure exists. The solution is that 
the vortex has a center, but the mass is generated by a circulation of electromag-
netic charge. In this solution, the radius is determined but the object is still dis-
tributed over an area and therefore energy is greater than zero. The center itself, 
without any actual content, is then at the point with the radius zero. Such an ob-
ject has verifiable properties such as mass, magnetic fields or charge, which must 
also be measurable outside the event horizon. Since static electric fields do not 
have to have mass or momentum, they can also spread across the event horizon 
[20]. In the case of static magnetic fields, based on the no hair theory, it is as-
sumed that this is not the case, but due to Maxwell’s theory, these fields do not 
show any temporal variance, which nevertheless gives reason to consider this 
parameter as transparent for the event horizon since they are decoupled in the 
Maxwell equations and therefore do not interact with gravity (via the Poynting 
vector and the momentum of the photon). This would be a possible measure-
ment of properties of singularities in an experiment. It is known that magnetic 
fields occur close outside the singularity in the accretion disk [21] [22]. Figure 4 
illustrates the principle of the singularity. 
 

 

Figure 4. Possible inner structure of a singularity. 
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What happens when the Schwarzschild radius is exceeded assuming that an 
EM wave runs inside. This question could be answered by saying that even the 
light that represents an EM wave cannot return. In this case, incident matter 
would in practice be torn apart and the momentum/energy of the singularity 
would be incorporated. The radius of the singularity decreases by the corres-
ponding amount and the event horizon increases. The strong magnetic fields in-
side probably also orient any incident magnetic fields synchronously with the 
singularity. Unfortunately, measuring the latter statements will prove difficult in 
practice, so indirect results will have to be used. The charge remains as such, but 
since the incident matter is generally neutral, no large static charge is to be ex-
pected. 

6. Conclusion 

The electromagnetic vortex can be described as a rigid body which implies that 
an area with constant angular velocity exists. With a circular rotating EM wave 
with a maximum speed of light and therefore the corresponding charge, the vor-
tex can be handled as a part of the de-formed space. The physics within gravity 
funnels can be described analytically without the occurrence of mathematical 
singularities (the radius is greater than 0 but very small). This does not alter the 
assumption of point-like behavior which only explains the point symmetry of 
the object. The stability of extremely heavy and dense objects results from 
known properties and only depends on natural constants. The stability of black 
holes can be understood as a “self swallowing” of point like particles if the event 
horizon is greater or equal than the corresponding size. As expected, the density 
of black holes is far above the density of normal matter but not infinity. 
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