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  Chapter 2. 
Screening of electrostatic field by matter. 

 
In the Coulomb record of central electrical interaction, medium is formally absolutely transpar-
ent for the field, that contradicts to the fact of field-charge interaction and energy conservation 
law. In order to avoid this defect, a coefficient describing weakening of the field by matter is 
introduced,  and  new mathematical apparatus of electrodynamics is developed. Relation is ob-
tained, that allows generalize the Gauss theorem and Poisson equation for the case of charged 
medium and opaque matter for electrostatic field. Conditions of electrical neutrality of the me-
dium with electron and proton flows  is deduced [51-53][128] . 
 2.1.  Inapplicability of the Gauss theorem in real space.                                                    Since the Coulomb  times, experiments on studies of radial dependence of 
single charge field intensity in the law of electrostatic interaction had been 
performed at distance scales of a laboratory. Such studies in the larger scales are 
practically impossible because of charges induced in surrounding objects. 
Therefore, when applying the Coulomb law and its consequences, Poisson 
equation, in geophysics and astrophysics, large scale extrapolation to unknown 
region is subconsciously  used. 
     In particular, it stems from the Coulomb law, that electrical potential   in 
arbitrary point of infinite matter, charged with uniform density  q , is infinite 
                                   

        =   
0

 4  r2 dr = . 
      This infinity flows from calculations of field intensity in the point at the 
surface of infinite semi-infinite space with distributed volume charge. These 
consequences give a reason to belive that the Universe and cosmic bodies 
including the Earth and Sun are in average electrically neutral. At the same time, 
in the vicinity of the Sun and at the Galaxy scales, the processes are observed, 
which can get a satisfactory description supposing electrically charged cosmic 
bodies and presence of quasi-static electric fields in cosmic space [116]. 
     Discrepancy between reality and the Coulomb law for central interaction is the 
most pronounced for the Gauss theorem, the consequence of this law. The 
theorem tells: The electric flux  E  through any closed surface S of volume  V  is 
proportional to the enclosed electric charge  Q. The charges outside of the volume 
do not induce the electric flux through its surface. Formally it is written as 
 
                                                 E ds =   4

V
qdV   =  Q ,                                      2.1 

 where q is the charge density in the volume, S is the surface perpendicular to the  
force-lines.  



41 
 

B 

      The relative permittivity of the matter   should be taken equal unity, as the 
polarization of atoms at the surface is not important. The charge should be 
considered either inside the volume or outside of it. So, for infinitely small 
volume, the Theorem may be written in the form  
 

                                                      Div E =   4 q.                                                       2.2                                   
 
      It is in the form (2.2) the Theorem enters the system of Maxwell's equations 
[19][20] in electrostatics. The reason why in the Gauss Theorem the charges 
outside the volume does not influence the electric flux through the surface of the 
volume, is that the length of the force-line of the field is taken to be infinite 
(Figure 2.1). 
 
 
 
 
 
 
 
 
 
 
Figure 2.1. Illustration of the Gauss Theorem. Charge  Q1  induces electric flux 1  through  
surface S , while charge Q2  2 .        Such line necessarily crosses the surface of finite value two times in opposite 
directions at arbitrary distance from the charge, without induction of a flux 
through it. However, the possibility to approximate electric field by infinitely long  
strength lines is a hypothesis, which is not certified neither experimentally nor 
theoretically. Moreover, application of the Theorem to real medium containing 
volume charge leads to absurd results.  show it with the example of infinite 
of enough widespread medium with uniformly distributed charge with density q 
(Fig. 2.2).  
According to the Theorem, in such medium, at some point   placed at the  
surface of arbitrary sphere with volume  V1  and radius  r1 , the radial electric 
field intensity  E1 induced by charge  qV1, is 
 

    E1 = qV1 . 
 
External charges . Drawing another 
sphere with the volume V2 touching the point A one get another electric intensity,  

2, differing in value and direction from 1. This absurd result leads to 
fundamental conclusion 

               E2                             E1                                                                                                            
 
              S   Q1   Q2 
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    q  0                      A 

                                                                                      
1    Q2 =  qV2   

The Gauss Theorem describes the electric flux of a charge in an abstract empty 
space where no any other charge presents. In a real volume-charged medium this 
Theorem is not valid. 
 
 
                                                                   V2  
 
 
 
 
 
 Fig.2.2. Illustration of inapplicability of the Gauss theorem for volume-charged medium. Two  
volumes touching in point  induce the field intensities in the medium, differing in values and 
directions.                                
     It becomes clear from this example, that the volume without any charge, when 
placed into volume-charged medium, induces the electric field similar to that it 
could induce in vacuum while being charged with the same charge density as the 
medium, but of opposite sign. 
In other words, 
 
the value and sign of volume charge are relative quantities, depending on density 
and sign of volume charge of surrounding medium 
 
It appeared to be, that the Coulomb  law, Gauss Theorem, and mathematical 
apparatus of classical electrodynamics satisfactory describes reality only in cases, 
when it is possible to neglect the volume charge of medium, i.e. when the 
absolute value of charge density in some volume is high respect to that of 
surrounding medium. 
 

atic interaction with weakening of field. 
 
     Absence of limits of applicability of the Coulomb law and postulating the 
infinity of force-lines of central field are equivalent to postulating the absolute 
transparency of matter in respect to electrostatic field. Meanwhile 
 
the particle interacting with field cannot be transparent for it by definition. 
 
    This can be shown another way. According to classical electrodynamics, the 
work done by external force to move the charge in abstract empty space across the 
equipotential surface of electric field is zero. This does not mean that the work is 
zeroth during the motion. To put the charge in motion, the force source does work 

     V1              E2                  
Q1 =  qV1                 
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on acceleration of the charge. However, after consequent restoration of rest, 
during de-acceleration (if neglect the  bremsstrahlung) all the energy is 
completely returned back to the source. The work is not done in the case of 
motion with constant speed, therefore, in general, energy and work of external 
force spent to move the charge is equal to zero. 
    Contrary to that, the work is done, when charge moves under effect of external 
force from a point on one equipotential surface to a point on another equipotential 
surface. The energy spent for the movement does not completely return back to 
the force source. The work done by external force transforms to potential energy 
of the particle-source system. Increase in the potential energy means changes in 
the system. As no changes had happened in the particle, then the field has to 
change. The only parameter of central field, that can change when particle 
position changes, is its symmetry. Hence, if particle presents in the field, the 
central symmetry of the field is broken down and degree of this breaking depends 
on the particle position. This means that the particle interacting with the field is 
opaque for it. 
      Further below, by opacity of matter with respect to central field we mean that 
there is no force-line behind the particle, i.e. the weakening of central field by 
matter (Figure 2.3). To clarify practically useful consequences of weakening of 
electrostatic field by matter it is necessary to develop formalism with regard for 
this effect. Now let us deduce the basic relations. 
      With the regard for opacity of matter for electrostatic field, weakening of 
intensity dE  is proportional to matter density, i.e. mass density    of the medium 
and thickness dx of the matter screen behind which the field is measured. If 
analogy of screening is similar to shadowing of light from a point light source is 
correct, then the weakening dE is also proportional to the field intensity at the 
surface of the screen. The weakening of uniform field by matter along the X-axis 
can be written as 

d  = -    dx , 
                                              where   is a constant associated with thickness of screening layer of matter  be-
hind which the field weakens e times. Below, it will be referred to as  weakening 
constant or constant of screening of electrostatic field by matter. For the uniform 
mass distribution in medium 
                                                                 ( ) = const, 
 transposing term of the field intensity to the left and integrating both sides of 
equation, one gets intensity of unidirectional field behind the screen with the ef-
fective mass thickness   
                                                          -   ),                                               2.3     
 where   is the field intensity in the point   = 0 at the screen surface. 
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a                                                                     b  
Fig.2.3. Permeation of electrostatic field trough proton in classical ( )  and real (b) electrody-
namics.  
                In the case when the field source is a point charge Q, multiplying both sides of 
classical equation for field intensity 
 
                                                     E(r) = Q 

 by square of concentric spherical surface  S with radius  r 
 

S = 4  r2 
 proceeding to electric flux   through a closed surface, we get relation for abso-
lute transparency of matter 
                                                    = E ds =  (r) 4  r2  =  Q .                                        2.4                
 The right side of this equation is constant. Thus the electric flux for the point 
charge is identical to the flux of homogeneous field for which the above formal-
ism is applicable. In particular one can write 
  
                                                            (r) =   (-  r / ) ,                                               2.5         
  where  is the flux through a closed surface in the vicinity of the source. 
     Dividing (2.4) by square of the surface, for the field intensity of the point 
charge we get 
                               (r) =   (-  r / ) = Q   (-  r /  ).                     2.6  
 The expression for the interaction force of two point charges in medium with the 
mass density  , has the form differing from classical one 
 
                                                 F  = Q1Q2   exp (-  r / ).                                           2.7 
 

                                            
                                                              E 
 
 
 
 
 
                                                        

                                                 
                                                            E 
                                                       Electro- 
                                                         static 
                                                       shadow 
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As shown below, a conceptual assumption of opaque matter  <  leads to 
formalism principally different from that of classical electrodynamics. Further 
below the layer thickness 
                                                                    r   =    ,                                                            2.8  
  weakening the homogeneous electric field  E  by e times we call weakening 
radius or radius of screening of electrostatic field by matter (that shouldn't be 
missed with Debye length or screening length in plasma, which describes 
physically different effect, that is compensation by the opposite sign charges). 
 

pace charge of bodies.  
     In accordance with classical electrostatics, due to repulsion, uncompensated 
charges in electrically conducting body are concentrated at the surface 
independently from the body size and state of volume-charge of surrounding 
medium. Equipotentiality of internal points of the body is established after all 
charges have been located at the surface. 
     Taking into account the coefficient of screening of electrostatic field by matter  
rae in the case when the body size   rb  sufficiently exceeds this radius 
  
                                                             rb >> rae ,                                                   2.9       
 
the uncompensated surface charges of the same sign at the opposite sides of the 
body should experience less repulsion than that predicted in the classical 
electrostatics with transparent matter. Further below, the body, where the 
condition (2.9) is fulfilled is called electrically massive or e-massive one. With an 
increase in matter mass thickness between opposite sides of the surface, the force 
induced by charges of one side and acting on the charges at the other side 
exponentially tends to zero, and, at some critical mass thickness, it becomes 
possible to neglect the interaction energy small respect to thermal motion energy. 
In this case, the minimum of the potential energy of charge assembly is reached 
with some distribution of the charges inside the volume of the body. Under the 
condition (2.8) internal points of e-massive body can be regarded as the points of 
infinitely large space, where equilibration is reached with homogeneous 
distribution in volume. 
       When placed in extended electrically conducting charged medium, an 
initially neutral electrically conducting e-massive body reveals the charges at its 
surface induced by medium charges of opposite sign. At the same time, inside the 
body, the volume charge appears with the same sign as that of the medium charge. 
During exchange of charge between the body and medium the surface charge is 
being neutralized, and in the state of dynamical equilibration the body gets a  
stable excessive charge of the same sign as that of medium charge. This example 
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shows, that 
 
being placed into charged medium, e-massive body in the equilibrium state 
contains the volume-charge. 
 
This conclusion is also applicable to non-e-massive body, as it can be considered 
as some closed volume of charged medium. 
 

-infinite space.   
     For the case with weakening of the field by matter with the coefficient   , the 
intensity of electrostatic field at the flat surface of e-massive semi-infinite 
medium with charge q  and mass  densities is determined by integrating the 
intensities induced by the charges of this semi-infinite medium, starting from 
some point at the surface. With regard for weakening of the field by matter, the 
normal component of the field (with respect to the surface) induced by volume 
element dV of charged medium in spherical coordinates is 
 

    dE  = q   r2 Cos  Sin  exp(- r/ ) dr d  d  , 
 where  r is the radius-vector from the point at the surface to the volume element 
dV ,    is the polar angle of the vector   r  calculated from the direction normal to 
the surface, and is the azimuth angle calculated from some fixed direction. 
     Intensity of the field at the surface point is determined by integration of 
intensities of fields induced by charges all over the semi-infinite space. 
 
                                                               =    .                                                             
 After integrating the field intensity is   
          
                                                                 =    .                                                     2.10 
  It follows from (2.10) that the field intensity at the border between the e-massive 
media with the charge  q1, q2  and mass  1, 2  densities  are 
 

                                                  1.2 =    ( - ).                                          2.11   
 This equation also describes the field intensity at the surface of the e-massive 
body, placed into an extended medium. 
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  Electrodynamic equilibrium of contacting media and bodies. 
 
     According to (2.11), the dynamical equilibration of contacting electrically 
conducting e-massive media or bodies, defined by condition E1,2 = 0 is realized 
when  

                                                                  = .                                                          2.12                                                        
      It also follows from (2.11) that equipotentiality of points in e-massive medium 
or body with non-homogeneous mass density distribution is established when the 
volume charge distribution is proportional to the mass density so, that  in each 
point of the medium or body  
                                                                       = onst.                                                          2.13  
 
This is the condition of electrostatic equibration in a medium or body. Note, that 
in classical electrodynamics, the  electrostatic equibration is defined by condition 
 q = 0. 
 

lectric potential in charged medium. 
 
     In classical electrodynamics, the electric potential  at a point in electric field is 
defined as the work done to move a positive charge equal to unity from infinity to 
that point.  show that in a real medium containing particles, this definition of 
potential is ambiguous. 
   The potential  of a point inside extended medium is determined by sum of 
potentials at the point respect to the charges formally presenting in all infinite 
medium, but  practically  within the screening radius of the electrostatic field  
 

r  = 
 0

2

0 0
 , 

where 
d   = q   r2 Cos  Sin  exp(- r/ )  d  d  dr . 

      Element of potential differs from the element of field intensity by an addition 
integration (2.9) over radius. In contrast to (2.9) the integration is performed over 
the whole solid angle. This leads to the expression  
 
                                                           r  =  2  2 .                                                2.14  
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As this parameter is completely defined by charges distributed in medium within 
the weakening radius, it can be called as internal absolute electric potential of 
medium. The expression can be rewritten in the form 
 
                                                              r  =  2  ra 2 q ,                                                2.15      
 where r  is the radius of weakening of electrostatic field (2.7), q is  the mean 
charge density within this radius. 
     The internal potential describes electric state of e-massive body or medium and 
its ability to do work in moving the unit charge from uncharged infinity inside the 
body. 
 
The internal potential at a point of medium is determined by position of charges 
and masses within the radius of screening of electrostatic field from this point. 
 
   The potential of e-massive spherical body of radius rb respect to uncharged 
infinity is defined by integration of radial field intensity b (2.10) from the 
surface to infinity. It is taken into account that at the surface of semi-infinite 
space, the potential is equal to the half of the internal one 
 
                                                        b =     dr  = Eb rb ,                                                                     2.16 
  hence 
                                                   b  =  2 Eb rb  = 

 
2   rb .                                           2.17 

 With the internal potential using parameter s, the work in moving of a charge in 
vacuum from e-massive body or semi-infinite space to uncharged infinity can be 
quantitatively estimated. 
    With (2.17) and (2.10) the ratio of the internal potentials of two spherical 
bodies respect to uncharged infinity is 
 
                                            =    =    =    ,                                2.18 
 where  Q1, Q2 are the charges of bodies in terms of the parameter f , and r1, r2  are 
their radii. 
     Presence of mass density in denominator in (2.14) does not mean that in real 
space there are points, where potential turns to infinity respect to medium. As 
follows from (2.15), that radius of screening of the particle in a local vacuum 
enlarges until it meets a matter and until the massive layer becomes not less than   

, i.e.  
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in real space, point with zeroth mass density doesn't exist. 
 
     The expression (2.15) leads to necessity of different logic in calculations of 
charge and mass distributions with regard for screening of the field by matter,  
rather different than that in classical electrodynamics. Below the necessary 
formulas are deduced. 
 

      
 
      The expression (2.14) is valid for change of charge density in a point. L  
deduce expression for potential between two different points of space and show 
that this expression differs from the expression (2.14). For doing this,  
consider two homogeneous e-massive semi-infinite spaces, touching each other 
with a plane, normal to the X-axis in the point x = 0 (Figure 2.4.) 
 
 
                                                             ra1                ra2                    E           1                                                                  2  
                                  q1, 1                                                                                               q2, 2                             
 
 
 
 
                                                                       0                                    
 
Fig. 2.4. The region at the boarder of the two semi-infinite spaces with different values    
where the field intensity differs from zero is located within the radii of screening of the field,  
ra1 and ra2 .   According to (2.3) and (2.11), the field intensities E1 and E2 in the points of 
different semi-infinite spaces 1 and 2 with the charge and mass densities  q1, 1 (for  < 0)  and q2, 2 (x > 0), which are placed at distance  x  from the boarder 
plane, are  
                                         E1 =    (  - ) exp (- 1 x / ),                    
                                                                                                                                                2.19                             
                                         E2 =    (  - ) exp (- 2 x / ).     
                            The potential between internal points of different semi-infinite spaces, distant 
from the boarder plane, is defined by work in moving the unit charge from one 
point to the other, say from the internal point of space 1, to the internal point of 
space 2 
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                                                      12   = 0
1 dx + 0 2 dx .                                          2.20 

  The integrals in the right side are 
 
                                            0

1 dx  =   2  (  - ) , 
                                                                                                                                                  2.21 
                                           

0
2 dx  =    2  (  - ) . 

 After this, the expression (2.20) takes the form 
 
                                             1,2  =  2 ( + ) ( - ) .                                 2.22  
 When   1 = 2 , (2.22) coincides with (2.14).   
   With (2.22), field intensity in medium with gradient of charge and mass density 
ratio becomes  
                                                  =  grad  = 2 2   grad  .                                      2.23 
      Note, that in creating gradient of  electrostatic potential are involved the 
charges and masses within the screening radius of field. 
 

 
 
    When compared the equations (2.22) and (2.14), question arises about their 
difference. Below it is shown, that this difference comes from weakening of the 
field by matter. Consider three touching flat e-massive layers with the charge 
densities  q1, q2, q3   and mass densities  1, 2, 3. (Layer 2 is in the middle). In 
classical electrodynamics, the potential difference between two arbitrary internal 
points of the layers 1 and 3 does not depend on the intermediate layer 2 
 

    13  =  1 - 2  +  2 - 3  =   1 - 3 .    
    In real electrodynamics, this equation is not fulfilled. To show it,  express  
the potential (2.22) for internal layers 1 and 3 through the sum of potentials 
between internal points of layers 1,2 and 2,3. After simplification we get 
 
             13 =   2 [ (  - )  + ( - )  + ( - )].             2.24 
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     After that, the parameters of the layer 2 remained, and this means, that the 
potential difference between points of the layers 1 and 3 depends on 
characteristics of the layer 2. 
      show, that the potential between the points depends both on the presence 
of mass between them and the spatial distribution of this mass.  take the case 
of homogeneous field directed along the X-axis with its source in the plane with 
the point x=0 (Figure 2.5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
Fig. 2.5. Work in moving of charge from the point   = 0  to the point  = L depends on position 
of weakening screen in the X-axis. 
                       Suppose the weakening screen with the thickness  d << x1,x2  to be placed in 
two positions in the X-axis, 1 ( ) and 2 (b). Then, in the two cases, the works of 
the force moving the charge e from the point x = 0 to the point x = L are 
 
                                        a =  x1 + Ad +    (L-x1) exp (- d/ ),                                                                                                                                           2.25              
                                        b =  x2 + Ad +    (L-x2) exp(- d/ ), 
 where d is the work in moving through the screen,  is the mass density of the 
screen. 
As, in general,  1  2,   then the work is a  b.   
In the real space containing mass, the work in moving charge from one point to 
another depends on the path of the motion, and on distribution of mass along this 
path. The potential difference between these points is not unambiguously 
determined by the work in moving the unit charge.  
 
    This dependence of the work on the mass along the path does not mean a 
possibility for perpetual mobile. This example is only shows defectiveness in 

                                                 
 
 
 

 
 
                                                                                                                       X 
       1                                                                                             X2             
 
 
b 
 
                                                                                                                       
  
      0                                                                                                         L                    
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potential definition in classical electrodynamics, when weakening of the field by 
matter is not regarded. This ambiguity in potential difference definition through 
the work in moving charge from infinity calls for a parameter, which 
characterizes the energy state of a point, body, and medium in unambiguous way. 
 

  Potential in real electrodynamics.  
    In terms of real electrodynamics, electric potential  of a point of 
homogeneous medium may be determined by flux of central fields induced by the 
charges of surrounding space with regard for weakening of the field by matter is 
 
                           =    4  q r2 exp(- r/ e) Sin  exp(- r/ ) dr d   ,         
          where angle  is defined the same way as that in paragraph 2.4. Integrating leads 
to scalar value with the dimension of the field intensity 
 
                                                                =

  
   4  e   .                                           2.26 

 In this representation, the potential  is  not defined by work, but by absolut 
values  of charge and mass densities. According to (2.10) and (2.17), the relation 
with potential  b (2.17) of a spherical body with radius  r  respect to uncharged 
infinity is described by the equation 
                                                                   b  =  2 b  ,                                                        2.27                                            
with the internal potential r (2.14)                                                                                                                  
                                                                   b  =  2 r   ,                                                        2.28                                      
 and field intensity at the body surface, induced by internal charges (2.10) 
 
                                                                   b  = 4 | Eb | .                                                         2.29 
 

 
 
    When an e-massive sphere with charge qb   and mass  b   densities is placed 
into medium with the parameters  q  ,    field intensity at its surface is defined by 
(2.11).  The flux through the surface of the e-massive body of arbitrary shape is 
equal to multiplication of intensity by the surface area Sb, perpendicular to the 
force-lines.   
                                         = (  ) ds      ( - ) Sb  ,                           2.30 
 where  is the unit vector, normal to the surface.  
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     This expression is the generalization of the Gauss Theorem (2.1) for the case 
of e-massive body, placed in e-massive charged space of arbitrary volume. In the 
case with e-massive sphere, the electric flux through the surface is 
 
                                                     =     ( - ) 4  r2 .                                      2.31                        
                It becomes clear from (2.30), that in the case of zeroth volume charge density  qb  of e-massive body, the flux through its surface is not equal to zero and is created 
by the charges of surrounding medium 
 
                                                           = -    Sb.                               
or                                                                                                                                                                                                                                          
                                                           =  -   qo rao Sb ,                           
                    where rao is the radius of field screening (2.7) in medium around the sphere.  
     If charge is concentrated in e-massive sphere and the external medium within 
the radius r   is electrically neutral, then the flux through the surface is 
 
                                                           =   Sb                                   
or                                                                                                                                                 
                                                           =   qo rab Sb .   
                                 The case of e-non-massive sphere. 
      Consider a homogeneous e-massive space with the charge qo and  mass 
densities (Figure 2.6). Then at the surface of spherical e-non-massive volume V, 
choose an arbitrary point A. Taking into account that 
                                                             qb  =  qo ,  this point does  differ from any other points of the surface, thus the intensity at 
this point is zero. The intensity differs from zero only when the charge densities 
inside and outside of the volume are not equal 
 
                                                                     qb  qo ,  besides that, the intensity is  
                                                          =   (qv - q )V .                                             2.32 
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The choice of the point at the surface of the volume  Sv  is arbitrary, therefore the 
flux through the surface is 
 
                                                =   ds  = 4  (qv - q ) V.                                      2.33                   
 
 
 
 
 
 
 
 
 
  
Fig. 2.6.  In presence of the volume V without charge, asymmetry appears in the space 
              respect to the plane separating two homogeneously charged semi-infinite spaces. 
      The expression (2.33) is the generalization of the Gauss Theorem for the case 
of e-non-massive body, placed into homogeneously volume-charged infinite 
medium. It follows from (2.33) that 
 
electric flux through closed surface of some volume inside infinite medium with 
homogeneous mass distribution is determined by difference in charge densities 
inside and outside this volume.  
 
In particular 
-  with  q  = 0   equation (2.33) coincides with  (2.1),  
-  with  qv = qo  flux through the surface is equal to zero,  
-  with  qv = 0   flux is 
                                                      = 

vS
E ds  = - 4  q V.                                         2.34        

                 After dividing both sides of (2.33) by volume, and tending the volume to zero, 
the equation is written in the differential form  
 
                                                          Div E = 4  (qv - q ),                                              2.35  
                      that is the generalization of the Maxwell's equation for the case of any arbitrary 
point of a body or volume-charged extended medium. The dependences (2.33), 
(2.35) correspond to the limit cases of e-massive and non-massive bodies. In view 
of grate importance of the result, lets explane once more, why no charge density 
distribution of surrounding medium appears in differential and integral form of 

                                                       
                                                  qo , o                                                                             
                                                                                                                                                                                                     
                                                        
                                                                                  

     V 
  qv , v                    
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the Gauss Theorem, while it presents in formalism of real electrodynamics 
(2.45)(2.47). 
    In classical electrodynamics the field  of the point charge is approximated by 
radial lines of infinite length, which can cross the closed surface of some volume 
only two times, without forming a flux. Weakening of electric field E by matter is 
associated with radial lines of finite length, which are segments of different 
length. This means that one can find a limited volume inside infinite medium, 
where at least one end of the segment is present. The concentration of these ends 
is proportional to the charge density in the medium. Hence, force-lines of external 
charges, ending inside the volume, cross its surface only once, thus creating a 
non-zero electric flux independently from the charge inside the volume. When the 
signs of the parameter    in a body and medium are the same, and the absolute 
value of the parameter of the medium larger than that for the body, the electric  
flux through the surface has direction corresponding to the body state of charge 
with the opposite sign. Principally important conclusion flows from equations  
(2.30),(2.33)  
 
concept of the volume charge of medium is both absolute and relative one. It is 
absolute from viewpoint of response of charged particles encemble forming the 
volume charge to the impact of external field. And it is relative from viewpoint of 
the field direction generated by volume charge in the vicinity of the ensemble 
when placed in the charged medium.     
                                                                                                                             

 2.11. Electric capacity of e-massive sphere.  
      By analogy with classical concept of electric capacity,  the electric capacity of 
e-massive body can be introduced  in real electrodynamics, as ratio of the body 
volume-charge in terms of the f b  with 
respect to uncharged infinity 
                                                                     b =  .                                                   2.36 
 The change in the charge of a body is expressed through the change of its volume 
charge density as  
                                                                  Qbf =  Mb  ,                                                     2.37 
 and with (2.17) the change in the potential with respect to uncharged infinity is  
 
                                                   b bo rb  =  2 rb  .                                   2.38 
 After dividing (2.37) by (2.38) capacity of e-massive spherical body (2.36) with 
the radius  rb and mass Mb is 
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                                                               b      .                                              2.39 
 
 

 2.12.  Magnetic moment of space charged sphere. 
      All cosmic bodies rotate, and dipole magnetic fields around them are observed. 
In real electrodynamics, these fields are induced by volume charge of bodies. In 
order to describe magnetism in stars and planets let's deduce expression for mag-
netic moment of rotating sphere charged in volume and transparent for magnetic 
field. Consider sphere with the radius rb, charge qb and mass  b densities rotating 
with period b. Then the magnetic moment j is found as a sum of circle currents 
with their density j , formed by charges, rotating with the body 
   

j  =  j S , 
                                                                      where  S   is the area limited by the moving charge.   
     Magnetic moment of the sphere b is determined by integrating of the circle 
currents over the sphere volume Vb as 
 

                                                            b = 
V j dVb .                                                     2.40 

In spherical coordinates, the magnetic moment is  
 

 b = 
V

d   =
V

s dj  = q   r
0 0

2
0

 r2 sin2  r2 sin    dr   , 
 where   is the angle between the rotation axis of the sphere and direction from 
the sphere center to the charge,  is the azimuthal angle characterizing the charge 
position in the cycle current respect to some non-zero direction. In the case of ab-
solutely transparency of matter for magnetostatic field, integration leads to ex-
pression 
                                                             b  =  2 rb5  q .                                                  2.41 
  This expression can be written in three different ways  
 
                                                              b =   Qb Sb   ,      
                                                                                                                                                                            
                                                              b =   Mb Sb  ,                                             2.42          
 
                                                                 b =   Sb Ib , 
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where Qb  is the charge of the sphere,  Sb is large circle area of the sphere,  Mb is 
the sphere mass as the matter quantity, Ib is the total circle current for the case of 
rotating body                                                             Ib = Qb / b .                                                          2.43 
                                                                                                        

2.13.  Concept of local and natural densities of charge and mass. 
                                                                                                 Similarly to classical electrodynamics, in the real electrondynamics, the elec-
tric potential in a point is created by charge of all surrounding medium, though, in 
contrast to classical case, it is practically formed by the charge within the radius 
of weakening of electrostatic field induced in a point. The dependences (2.9-2.23) 
are obtained for the case of homogeneous charge and mass spatial distributions. In 
reality, the mass distributions are always looks more complicated. For example, in 
cosmic space, besides elementary particles and single molecules, macroscopic 
bodies present. In this case, the screening radius varies with change in direction. 
     In calculation of potentials and field strength in medium with non-
homogeneous mass distribution the necessity of correct calculations of charge and 
density distributions arises. Sometimes, traditional methods of these calculations 
appear to be ambiguous. In particular, when the chosen volume in the calculations 
is too large, then together with charge and mass of the homogeneous matter other 
objects may enter this volume. If the volume is too small, of about typical mo-
lecular sizes, then with further decrease in its size the measured density exhibit a 
stepwise changes. At least, with sizes less than atomic radii, the mass and charge 
densities turns to zero (when no atomic nucleus or electron are caught into the 
volume) or increases up to mass and/or charge density of nuclear matter. 
     For derivation of equations (2.9-2.23) local values were used. Simultaneously, 
integration is hold taking into account the radius of weakening of the field. In the 
case of non-homogeneous mass distribution the result in integration over charge 
appears to be dependent on the spatial mass distribution. To get the mass to 
charge ratio, the total effective charge within the radius of weakening of electro-
static field in all directions, should be divided by mass within this radius. The 
volume of integrating is appeared to be dependent on the mass density distribu-
tion. The charge and mass densities calculated within the radius of screening we 
will call natural ones, in contrast to local ones, calculated in traditional way. The 
volume of integration over charge and mass, limited by radius of screening of 
electrostatic field in all directions from a point, is also can be called the natural 
volume. 
      With regard for essential non-homogeneity of medium in different directions, 
integrating of charge and mass distributions is easier to perform over the solid an-
gle. Let us deduce expression for calculations of ratio of natural charge density to 
natural mass density in a point for the case common for the cosmic medium. The 
natural charge under consideration when we calculate potential or field strength, 
is equal to sum of natural charges with the local densities qi within the solid an-
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gles  i  with the heights equal to the screening radii rai   
 
                                                      Qn =  

i
niQ  = 3

1  
i

i 3
air qi ,                                           2.44        

                    
where                                                      rai =   .                                                                                                                             
Natural mass in this volume is 
 
                                                     Mn = 

j
njM  = 3

1
j

j
3
aejr  j .                                             2.45    

                                               Ratio of natural densities of charge and mass is 
 
                                              =  =  

i
i raej3 qi  /  

j
j

3
aejr  j  .                                 2.46 

 Below, the most important applications of (2.46) are considered. 
Medium with homogeneous charge and density distributions.  
This situation is the simplest one. Here 
 
                               qi = q,    i = ,       

j
j =

i
1 = 4 ,           rai =  raj =  ra  , 

 
therefore                             Qn =   ra3 q ,          Mn =   ra3 . 
 Ratios of natural and local charge and mass densities coincides 
 
                                                                     = .                                                               2.47 
          Boundary of two e-massive homogeneous media.  
     It is assumed that within the first half space the natural and local densities of 
charge  and  mass  are  equal q1, 1, and those within  the  second  half  space   are  
q2, 2. In this case, the natural charge in numerator and mass in denominator in 
(2.46) consist of two components, referred to different half spaces 
 
                                        Qn  =   3

1
i

i rai3  qi =   ( ra13 q1 + ra23 q2 ), 
                                                                                                                                                  2.48 
                                        Mn =   3

1
j

j raj3   =   (ra13 1 + ra23 2) .  
 Ratio of densities at the boundary of media is 
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                                                          =  =   .                                            2.49 
 For estimates of each medium contribution into the total value, when medium 
mass densities, and, hence, screening radii in these media, are essentially differ-
ent, for example, for a point of the Earth surface, the equality (2.49) is better to 
rewrite 2.7) as 
                                                             = .                                                    2.50 
 In practically important case of approximate electrodynamical equilibrium of two 
media, i.e. when the ratio of natural densities in these media 
 

   
    , 

          and under condition r 1 >> r 2  , the equation (2.50) transforms to 
 

      . 
Point in cosmos. 
At the point of cosmic medium, where a cosmic body within solid angle b is ob-
served, the natural charge in the point is 
 
                                              Qn  = 3

1  [ b r b3 qb  + (4   b) rac3 q  ] ,                                
and the natural mass is                                                                                       
                                             Mn =  3

1  [ b r b3 b  + (4   b) rac2 c ] .        
                          The ratio of natural charge and mass densities is 
 
                                                          =   .                                       2.51 
 In the equations,  q  ,   are the local charge and mass densities in the cosmic 
medium, qb, b  are the local charge and mass densities in a cosmic body within 
the layer thickness  ,   rac is average radius of weakening of the field in the cos-
mic medium, r  is the distance from the point to the body surface. 
Charge and mass within the solid angle enclosing the body, are determined by 
charge and mass of the body with high accuracy. In order to evaluate the contribu-
tion of charge and mass of the body into the total ratio of densities at the point, 
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equation (2.51) is rewritten with regard for (2.7) as 
 
                                                         =   .                                     2.52                       
 
      In the case of electrodynamical equilibration of the body with surrounding 
medium, the ratio of charge and mass densities within the body does not deviate 
from that in the medium. At the point, which is not distanced that much from the 
body, say, for the Sun and distances not exceeding the Solar System size, the dis-
tance between the point and body may be much less than the radius of screening 
in the cosmic medium (r b<< rac ). With this,  and b << 4  , the first terms in nu-
merator and denominator in (2.52) can be neglected within high accuracy, and the 
expression transforms to 
                                                                    = . 
 When the point approaches to the body and enters its atmosphere with the screen-
ing radius rab << r b then  
                                                     b  ,       r b , rac  rab ,                 and the ratio of charge and mass densities takes on the atmospheric value. 
                                                  

2.14.  Coefficient of weakening of electrostatic field by matter.               
                            The main object, weakening the electrostatic field can only be a proton, as the 

heaviest stable particle, reappearing solely or consisting neutron. Protons forms 
matter in real world and determine the matter mass. Thus, the coefficient of 
weakening of electrostatic field by matter describes opacity of proton for this field 
within some radius rp .     define the value of the weakening coefficient for the field . In the case 
when the field directed from the source along r is homogeneous, and has the val-
ue  in the point r = 0, the weakening of the field dE  behind the layer with the 
proton density np is  

                                                         dE = - E  p2 np dr .                                           
 Proton density in substance can be identified with nucleon density, i.e. can be as-
cribed by mass density. With regard of this, the unidirected field intensity is de-
fined as 
                                        E (r) = Eo exp (- p2 np r) = Eo exp (- p2  mp-1 r) ,                        2.53 
 where is the effective radius rp of absolute proton opacity, mp is the proton mass, 

 is matter density, r is the width of the matter layer between charge and meas-
urement point. 
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   This dependence can be written in the more convenient form (2.3) 
 
                                                             E (r) = E exp (-  r /  ) ,                                             2.54  
Where   is the coefficient of weakening of electrostatic field (as in (2.3)) equal 
to mass thickness of the layer, corresponding to the field weakening by factor  . 
The thickness is related with mass and opacity radius of proton by the equation 
                      
                                                                          =   .                                                         2.55                                
 If proton is absolutely opaque for the field within its radius, estimated now as 
 
                                                                  rp  8,418.10-16 m ,                                                 2.56  
                          then, taking into account the proton mass mp = 1,67.10-27 kg the coefficient of 
weakening of electromagnetic field takes the value 
 

                                                   75  / 2  =  7,5.102  / 2 .                                      2.57 
   This coefficient should be considered to be constant of the real electrondynamics, 
on which most of quantitative results are based. The values (2.57) shows, that the 
effect of the field weakening can be accessed in laboratory measurements. In Ta-
ble 2.2 mass densities of different materials and radii of weakening of electrostat-
ic field (2.7) are presented. 

                                                                                                            able 2.2 
                              Material 
                         

    Mass density,   
             g /  cm3                

           Screening   
            radius, m                                        Earth soil in average          5,5         1,4.10-1 

  Water          1,0             0,75 
  Surface layer of atmosphere          1,3. 10-3            577 
  Atmosphere at 6 km of altitude          6,6. 10-4           1140 
  Ionosphere ( h = 100 km )          3,7. 10-10             2.109 
  Cosmos      10-17   -   10-24      1017  - .1024 

 
  It follows from all these values, that the Earth in whole and that even with oro-
graphic heterogeneity with high accuracy is the e-massive body, and, therefore, 
 
electrostatics based on the Gauss theorem and Poisson equation is not applicable 
for description of electrostatic states of the Earth, Earth atmosphere, Sun, and 
cosmic space. 
 
At the altitude of ionosphere and above, the radius of weakening of electrostatic 
field exceeds the Earth diameter and, hence, it is not determined by the local mass 
density.            
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2.15. Condition for electric neutrality of  medium. 
 
    In classical electrodynamics, when proton and electron fields are equal, the 
condition of neutrality of an infinite homogeneous medium is determined by 
equality of concentrations of these two particles, np and  ne  
                                                                         np = ne .                                                             2.58 
   In real electrodynamics it is necessary to take into account the difference in the 
field intensities induced by protons and electrons, and one should specify the pa-
rameter characterizing the neutrality. Thus, the equality of electrostatic fields in 
the characterized by the parameter f, 
while ability of the ensemble to react or absence of a response of the ensemble to 
effect of an external field is defined by the parameter s. 
   The potentials of the media (2.14) and (2.26) are determined by the parameter f 
of charged particles, i.e. by the sum of electric fluxes induced by protons and 
electrons. With regard for ratio of field intensities of these two particles is 
 
                                                                          =                                                      2.59 
 
the zeroth charge density of the medium with respect to this parameter is defined 
by the condition 
                                                                      npfp +  nef  = 0.                                                     2.60    
                                                                                                                                                                                  It is satisfied when the concentration ratio of protons and electrons is 
 
                                                                          =    .                                                2.61                     
                                                             
     In cosmic space, protons, electrons, and neutral molecules with rest charges are 
accelerated in some total electrostatic field. The time of presence of elementary 
particle in cosmic space is limited by time of its emission from the surface of 
electric massime body and time of absorption of this particle by any other e-
massive body. This situation can be simulated using two flat parallel electrodes, 
with potential difference applied to these electrodes, where the protons and elec-
trons with the corresponding concentrations np and ne are accelerated in opposite 
directions, getting the velocities vp and ve. In this case, the mean flux densities of 
the particles between the electrodes are 
 
                                                           jp = np p ,        je = ne e .                                                        2.62                           
   Under condition of the medium neutrality with respect to the field densities 
(2.60) , taking into account (2.61), the ratio of the flux densities is 
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                                                                     =   .                                                      2.63 
 
   Mean velocities of protons and electron, when accelerated in a homogeneous 
external field  are proportional to the accelerations, and, hence, are inversely 
related to the particle masses 
                                                               =      =    .                                               2.64 
                                              Taking into account (2.64), the ratio of field flux densities of electrons and pro-
tons (2.63) in terms of the parameter f when the condition (2.60) is fulfilled, is 
equal 
                                                            = ( )2 .                                              2.65 
    Electric current densities of protons and electrons in terms of the parameter f are 
found by multiplication of fluxes (2.62) by charges epf ,eef in terms of this parame-
ter  
                                                     Jpf  =  epf  jp  ;              Jef  =  eef  je .                                      2.66 
                                                         The corresponding ratio of electric current densities with respect to this parame-
ter in the case of medium neutrality (2.60) with regard for (2.59) is  
 
                                                                         =   .                                                                           2.67 
                                                             The electric neutrality of medium in terms of the parameter s is defined by the 
condition 
                                              npsp  +  nes   = 0      or        npeps +  nee s = 0                              2. 68                          
                                                                                                                                                                                       Taking into account an approximate equality of the cross section of these two par-
ticles 
                                                                 | sp |  | se | 
 the electric current densities of protons and electron in terms of this parameter is 
defined by multiplication of the flux densities by the charges in terms of the pa-
rameter s   
                                                    Jps  =  eps  j   ;                     Jes  =  ees je .                                       2. 69 
    In the case of the medium neutrality in terms of the parameter f , the ratio of 
electric flux densities of the particles in terms of the parameter s according to 
(2.65) is found as 
                                                                      = (  )2 .                                                        2.70   
                                                         


