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Abstract 
We continue the discussion of the internal structure of elementary particles 
based on the earlier proposed generalized electrodynamic Maxwell equations. 
It is assumed that the variety of elementary particles is defined by a complex 
vector wave function dependent on space-time coordinates. In the general case, 
the wave function separates into components that are constant in time (the 
static field) and nonconstant in time (the dynamic field). Previous works have 
studied the nature of the static field. In particular, it was shown that far from 
the center of the particle, the electric field is much larger than the magnetic 
field and asymptotically tends to Coulomb’s law. On the other hand, close to 
the center of the particle, the field changes its nature. In the current work, we 
study the dynamic field. Due to the difficulty of the problem, we study a sim-
plified spherically symmetric model. Far from the center of the particle, we ob-
tain an analytic solution and show that the wave function decays exponentially. 
On the basis of this analysis and the accompanying discussion, we propose that 
inside a particle and within small distances to it, the generalized Maxwell equa-
tions describe a unified field that includes gravity. For large objects, gravity is 
described by Einstein’s general theory of relativity, which is based on classical 
concepts including the energy-momentum tensor, the interval, Riemannian ge-
ometry, extremals, etc. For small objects (e.g., elementary particles), the situa-
tion seems to be different, and hence, despite numerous efforts, a satisfactory 
theory for them has not been formed using Einstein’s theory. To a certain de-
gree, from our point of view, this resembles the situation that arose upon the 
comparison of classical and quantum mechanics. 
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1. Introduction 

A systematic theory of elementary particles that agrees with accepted philosophi-
cal concepts, from our point of view, currently does not exist. In [1], we attempt 
to construct such a theory on the basis of the generalized Maxwell equations of 
electrodynamics. 

It follows from quantum mechanics that every particle has an internal energy E 
and spin (i.e., its own angular momentum) and from classical relativistic mechan-
ics that 2

0E m c=  (where 0m  is its rest mass and c  is the speed of light), from 
which it follows that the particle is not a singular point (as it is usually postulated) 
but rather has a certain internal structure. 

Moreover, considering the fact that during various reactions various types of 
particles turn into one another, we can naturally come to the conclusion that they 
exhibit a similar nature. Due to the fact that photons are quanta of the electro-
magnetic field that take part in almost all reactions, it’s natural to conclude that 
all other particles should be described by equations associated with Maxwell’s 
electrodynamic equations. In our study, the structure of particles is described by 
a wave vector field ( ), tψ r , dependent on the coordinates r and time t [1]: 

( ) ( ) ( ), , ,t t i t= +ψ r E r H r ,                       (1) 

where ( ), tE r  and ( ), tH r  are the electric and magnetic fields, respectively. 
This way, the wave function is defined by six components that satisfy a self-com-
patible system of nonlinear equations. 

We note that in nonrelativistic quantum mechanics, the scalar Schrodinger’s 
wave function ( ), tψ r  describes the behavior of point particles in given external 
fields. In the relativistic case, instead of one scalar wave function, Dirac introduced 
the analysis of several scalar wave functions ( ),v tψ r , each of which satisfies the 
relativistic Klein-Gordon equation [2] [3]. The Schrodinger equations, like those 
of Dirac’s, are linear. 

In our case, the wave field ( ), tψ r  defines the internal structure of nonpoint 
particles according to a self-compatible system of nonlinear equations (the field is 
defined by an internal source that itself depends on the field as well) [1]: 

2

2

rot grad ,

div ,

i i
c t

β

α

∂
= +

∂
=

ψψ ψ

ψ ψ
                       (2) 

where α , β  are constants. 
It was shown that in order for a particle to be stable in time, that is to satisfy the 

harmonic law i te ω− , it is necessary for there to be a nonconstant wave function 
( ), tψ r  and a constant one ( )0ψ r  (excluding particles that travel at the speed 

of light, such as photons). The stability condition is defined by 

( )2 , 0t =ψ r .                           (3) 

Considering the condition (3), the equation for 0ψ  and ψ  separate. How-
ever, if 0ψ  does not depend on ψ , then ψ  becomes a function of 0ψ . 
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Earlier works studied the static equation for ( )0ψ r  [1] [4]. In particular, they 
obtained analytic solutions far from the center of the particles. It was shown that 
in this case, the electric wave function ( )0E r  is bigger than the magnetic field 

( )0Η r  and practically satisfies Coulomb’s law. Closer to the center of the parti-
cle, the structure of ( )0ψ r  becomes more complicated and the electric field does 
not satisfy the standard Coulomb’s law. 

The analysis of the dynamic field of the electron (i.e., the field that varies in 
time) is a more challenging problem. Below, we attempt to solve this problem on 
the basis of a spherically symmetric model far from the particle’s center. From the 
obtained analytic solution, it is seen that the wave function essentially decays ex-
ponentially with distance. 

On the basis of this analysis and the accompanying discussion, we propose that 
inside a particle and within close proximity to it, the generalized Maxwell equa-
tions describe a unified field that includes gravity. For large objects, gravity is de-
scribed by Einstein’s general theory of relativity, which is based on classical con-
cepts including the energy-momentum tensor, the interval, Riemannian geome-
try, extremals, etc. For small objects (e.g., elementary particles), the situation seems 
to be different, and hence, despite numerous efforts, a satisfactory theory for them 
has not been formed using Einstein’s theory. To a certain degree, from our point 
of view, this resembles the situation that arose upon the comparison of classical 
and quantum mechanics. 

2. Basic Relations 

First, we will demonstrate the connection between the wave function ( ), tψ r , the 
electric field ( ), tE r , and the magnetic field ( ), tH r . We recall that ( ), tψ r  is 
the sum of two terms: a constant term ( )0ψ r  and a term varying in time 
( ) i te ω−
ψ r  (see [1]): 

( ) ( ) ( )0, i tt e ω−= + ψ r ψ r ψ r .                    (4) 

From (1), we have that 

( )
( ) ( ) ( )
( ) ( ) ( )

0

0

0

,

, , ,

, , .

( , ) ( , ) ( ) i tt i e

t t

t t

t ω−+

+

=

= +

=

+ 





ψ ψ r

E r E r E r

H r H r

E r

H r

r H r

                (5) 

Considering that 

( ) ( ) ( )
( ) ( ) ( )
0 01 02

1 2 .

i

i

= +

= +  

,ψ r ψ r ψ r

ψ r ψ r ψ r
 

Equating real and imaginary components in (5), we obtain the following for the 
constant electric and magnetic fields: 

( ) ( ) ( ) ( )0 01 0 02,  = =E r ψ r H r ψ r ,                 (6) 

And for the time-varying fields: 
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( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

1 2

2 1

, cos sin

, cos sin

t t t

t t t

ω ω

ω ω

= +

= −


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

 

,

.

E r ψ r ψ r

H r ψ r ψ r
              (7) 

From (7) we see that if the wave function ψ  varies follow a simple harmonic 
law, then all of the components of the electromagnetic field ( ), tE r  and ( ), tH r  
vary in time in a more complicated manner and depend on both functions ( )1ψ r  
and ( )2ψ r . 

We now shift our focus to the definition of the dynamic field of the electron 
( )ψ r , which is defined from the general Equation (2) upon satisfying condition 

(3), satisfying in particular the Equation [1]: 

( ) ( ) ( ) ( )0 0 0iω α− ⋅ + ∆ ⋅ =   ψ r ψ r ψ r ψ r ,              (8) 

where a cβ α=  and ∆ is the Laplacian. 
We rewrite (8) into a more compact form: 

( ) ( ) 0F iaF∆ − =r r ,                       (9) 

where ( ) ( ) ( )0F r r= ⋅ ψ ψ r —a scalar, and a aω= . 
In the spherical coordinate system that we will use, ( )F r  takes the form 

( ) ( ) ( ) ( ) ( ) ( ) ( )0 0 0r rF ϕ ϕ θ θψ ψ ψ ψ ψ ψ= + +  r r r r r r r .       (10) 

Defining all of the components of ( )ψ r  from the single Equation (9) is clearly 
not possible. We will solve an approximate problem using the condition that at a 
sufficient distance from the particle’s center, the field 0ψ  essentially satisfies 
Coulomb’s law. As is shown in [1] [4], we can assume that ( ) ( )0 0rE r→E r , 

( )0 0→H r , and hence assuming (6), we obtain 

( ) ( ) ( ) ( )0r rF F r E r rψ→ → r .                   (11) 

In this case, the problem of defining the function ψ  simplifies dramatically 
and (9) turns into a simpler equation: 

( ) ( ) 0r F r iaF r∆ − = ,                      (12) 

or in the explicit form 

( ) ( ) ( )
2

2

2 0d F dFr r iaF r
r drdr

+ − = .                  (13) 

We now seek a solution to the differential Equation (13) in the form 

( )F r f rγ= ,                         (14) 

where γ  is a constant. Plugging (14) into (13), we have that 

( ) ( )
2

1 2
2 2 1 1 2 0d f dfr iaf r r f

drdr
γ γ γγ γ γ γ− − 

− + + + − + =    
 

.    (15) 

Supposing that 0r ≠  and equating each term in (15) to zero (i.e., terms with 
various powers of r ), we obtain 

( ) ( )
2

2 0d f r iaf r
dr

− = ,                      (a) 
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( )2 1 0df
dr

γ + = ,                         (b) 

( ) ( )1 2 0f rγ γ γ− + =   .                      (c) 

Assuming that ( )f r  and ( )df dr r  are both nonzero, from (b) and (c) we 
obtain 

1γ = − .                           (16) 

The solution to Equation (a) is of the form 

f Aeδγ= , 

which plugging into (a) gives 
2 0iaδ − = , 

a iδ = ± . 

Using both signs for δ , we obtain two linearly independent solutions to the 
differential Equation (10). Considering that 2ii e π= , we have that 

4 2 2cos sin
4 4 2 2

ii e i iπ π π   = = + = +   
   

. 

From the two possible signs in the above expression for δ , we choose the neg-
ative sign and hence obtain 

2 2 2 2r a ir af Ae e− −= .                     (17) 

Considering (16), we have that 

AF f
r

= ,                         (18) 

where A  is a constant. In the end, consider (11) and the fact that ( ) 2
0rE r q r≅ , 

where q  is the charge of the electron, we obtain the following for the wave func-
tion ( )r rψ : 

( ) ( )2exp 1
2r

A ar r i r
q

ψ
 

= − + 
 

 .                 (19) 

We point out that, unlike the static field that decays with distance as an inverse 
square law, the dynamic field decays faster: as an exponential. We emphasize that 
the solution for the dynamic field of the electron ( )ψ r  is obtained from spheri-
cal symmetry and is far from the particle’s center. 

3. Some Commentary 

We point out that in Equation (19) for the dynamic field of the particle, there are 
two quantities that would initially seem to have different physical natures: the 
charge q  and the frequency ω  (via the constant a ). However 

2mcω = , 

where   is Plank’s constant and m  is the mass of the particle. This way, the 
dynamic field depends both on the charge and mass. On the other hand, there is 
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a remarkable resemblance between Coulomb’s law and Newton’s law of gravita-
tion [5]. Since the mass of a particle defines its gravitational field, don’t the above 
observations serve the purpose of demonstrating that the gravitational field hap-
pens to be one aspect of the general field that exhibits an electromagnetic nature, 
and perhaps is determined by the generalized Maxwell equation [1]. 

Undoubtedly, these discussions only suggest a new perspective on more general 
problems which will require further thorough investigation. 
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