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Abstract: The paper discussed in detail the covariant relation between relativity of electric potential 

and Maxwell equations, deduced new Maxwell equations. At the same time, the equation of relation 

between the velocity of light and the electric potential has been got, and two new physic effects, i.e., 

lenticular effect and frequency effect of electric potential, have been found. In addition, the paper has 

deduced the relation between electric potential and electromagnetic physic quantity of capacitance, 

resistance inductance. It is indicated that the present Maxwell equations are the approximation of the new 
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of the serial papers of the author. 
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According to the relativity of electromotive space-time[1]，we know that the relativity of 

electric potential and general relativity are all special cases of the relativity of complex space-

time, and general relativity and Maxwell’s equation are covariant. Therefore it is necessary to 

discuss the relation between the relativity of electric potential and Maxwell’s equation. From the 

relativity of electromotive space-time [1], it can be known that the basic equation of complex 

relativity is as follows: 
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According to complex relativity, it can be known that when the movement velocity is equal 

to zero, its special case is the relativity of electric potential. 
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Because     
and   are taken arbitrarily， equation(8) indicates that the tri-dimensional 

spatial real length   ，  in reference system of electric potential is invariable, so there is： 

             (11) 

Formula for time expansion：             (12) 

Both sides of equation(7) is divided by imaginary number  ，we can obtain Lorentz 

Transform in scalar form： 
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Lorentz transform of electric potential can be expressed by hyperbolic function: 
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Since，     ( )       ( )          (17) 

From(16) and(17), we can obtain：    ( )  
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Assume：       ， 
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Where, assume     as the electric potential of reference system 2 related to reference system 

1，   as the electric potential of reference system 3 related to reference system 2.   is the 

electric potential of reference system 3 related to reference system 1，that is the total electric 

potential after superposition of electric potential    and   . 
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The formula for electric potential superposition can be obtained： 
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In(18)，what does the physical meaning of   have？ It will be discussed further in 

following section. 

In series circuit of k completely same batteries, assume that the electric potential of the 

negative pole of the first battery  is zero, the electric potential of its positive pole is   ，the 
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electric potential of the positive pole of battery No. k is    relative to the point of zero electric 

potential. There are two ways to measure the electric potential difference of the positive and 

negative poles of the battery No. k in the circuit, one way is to measure electric potential 

difference     of the positive and negetive poles of the battery No.K by using a voltmete, it is 

not related to the amplitude of electric potential where the battery is situated, i.e., not related to 

the amplitude of K.     is a constant. It is equivalent to the voltage the battery measured in the 

reference system of aero electric potential. The present electromagnetic theory calculates 

               ，i.e.  ,        . Assume that the total voltage of the circuit is   ，and 

when k tends to be infinite,   may be infinite. So there is: 

                 (21) 

Another way is to measure the electric potential relative to zero electric potential of the 

negative and positive pole of the battery No. k, its electric potential value is       和     . If 

assume        ，        ，      ，according to the calculation of formula(20) for 

superposition of the relativity of electric potential, the amplitude of     is not a constant,  and 

closely related to the amplitude of     和     . That is,     the voltage of the battery measured 

in different reference systems of electric potential. From the formula for calculation of electric 

potential of the relativity of electric potential(18) we obtain： 
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When     tends to be zero or     ，the above formula becomes         ，i.e.  , 

                 (23) 

According to(18), it can be obtained： 

        ( )  

Assume                 (24) 

          (   )         (25) 

From(21) and(24), the functional relation between          和   can be obtained： 

  
  

   
    

When   remains invariant，the quantity of batteries   tends to be infinite, 

               和    tend to be zero. Therefore from equation(23), there is:  

          (   )         (26) 

Substituting it into the above equation to search for the limit： 
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Therefore it can be known that the physical meaning of the angle of hyperbolic function in 

equation(18).    is defined as the absolute electric potential, it is the relative electric potential 

when the limit electric potential    is infinite. 
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By searching the derivative for the above formula, we obtain： 
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In the above equation,    is the micro voltage of the micro battery No. k in the reference 

system with zero electric potential,   is the micro voltage of the battery in the reference system 

with electric potential    . If the same  parallel polar plate vacuum dielectric capacitor C is 

connected parallels to both ends of each battery, then，the voltage at two ends of the capacitor 

and the voltage of the battery are completely equal. So there is： 
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Where，                和      are respectively the voltage differential of the same 

capacitor in the reference system with zero electric potential and the reference system with 

electric potential  ， equation(30) have  universal significance, therefore if it is  assumed that  

  和           are respectively the electric potential difference in the reference system with 

electric potential   and the electric potential in the reference system with zero electric potential, 

there is: 
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According to the principle of relativity, the voltage, the capacitance and electric charge of 

the same capacitor in the reference system with zero electric potential and reference system with 

electric potential   must meet satisfy the same relational formula: 

    
 

 
  and       

  

           (32) 

   ， ， ， ， ，   are respectively the voltage, the electric charge,  the capacitance, 

the area of electric pole, the distance of two parallel polar plates of the capacitor in the reference 

system with zero electric potential, they are all vacuum dielectric constants.。 

    ，  ，  ，  ，  ，  
  are respectively the voltage, the electric charge,  the 

capacitance, the area of electric pole, the distance of two parallel polar plates of the capacitor in 

the reference system with electric potential , they are all vacuum dielectric constants. 

Therefore there is      
   

   
          (33) 

By calculating the relation  between the capacitance and the geometric size of the capacitor, 

we can obtain： 
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From(11) we can obtain：Under any electric potential, the tri-dimensional geometric size is 

invariable, i.e.,     ，    .So there is: 

 

  
 

  

   
           (34) 

By substituting (34) into(33), we can obtain： 
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Evidently， equation(35) is contradictory to Gauss’s law in Maxwell’s electromagnetic 

theory. In Gauss’s law, the right side of equation(35) must be equal to 1. Therefore, Maxwell 

equation must be modified correspondingly. 

Maxwell equation  in vacuum[2]： 

∯     
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∯                (38) 
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1. Gauss’s law of electric field 

According to  relativistic principle of electric potential, for the reference system with zero 

electric potential and the reference system with electric potential , the equations  have the same 

form： 

∯     
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∯       
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For the same reason, for the reference system with zero electric potential and the reference 

system with electric potential  , the intensity of electric field is respectively： 
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From the relational expression for electric potential transform, it is known that tri-

dimensional  geometric size is not related to electric potential, so there is:     ,      
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Therefore 
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From equation(35) we obtain the relation between the intensity of electric field and the 

electric potential of the reference system: 
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 )          (45) 

Therefore after integration of both sides of equation (45), Gauss’s law is:  
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Since electric potential is not related to tri-dimensional geometric size, i.e.       ，the 

modified Gauss’s law becomes： 
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 )∯            (47) 

So there is：∯       (  
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Thus it can be seen that the amplitude of electric flux is related to the amplitude of electric 

potential of the reference system, Gauss’s law  of electric field in Maxwell equation is only a 

particular case in equation (48) when    . 

2. Gauss’s law of magnetic field 

According to relativistic principle of electric potential, there is: 

∯        

∯                   (49) 

Therefore, it is not necessary to modify Gauss’s law for magnetics. However magnetic 

induction intensity is related to electric potential. Suppose the magnetic induction intensity in 

infinitely long spiral coil in the reference system F with zero electric potential and that in the 

reference system    with electric potential   are respectively  和   ，there is： 

                 (50) 

     
               (51) 

       and   
        are respectively magnetic induction coefficient, circles of coil and 

current intensity of reference systems F and    . Then there is: 
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From equations(12) and(35) , we can obtain： 
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Because geometric parameters are not related to electric potential, therefore      ，and 

  和  have the same direction. 
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3. Ampere’s loop law of electric field： 
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Substituting (55) and(12) into(57)，and because        , we can get： 
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Substituting(56) into(58), we obtain： 
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From(45), we obtain：∮       (  
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Substituting the above equation into (55) and (59), we get： 
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Substituting (61) into(58), we obtain the modified Ampere’s loop law of electric field: 

∮        (  
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          (63) 

Because the speed of light of the reference system with zero electric potential    
 

√    
，

the optical velocity of the reference system with electric potential   is   
  

 

√  
   

 
，From(61) 

we get speed of light—electric potential equation： 
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 )           (64) 

That is, the speed of light is related to the electric potential of the reference system（  
  

  ） . In fact, it reflects the basic assumption that there exists a limit in the module of 

electromotive velocity. Because the speed of light in Maxwell equation is the speed of light in 

real space, it is the limit of object movement in real space. When the electric potential of 

electromotive reference system is not zero, it has virtual velocity    ，the limit of the real 
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velocity   
 
 must become smallerto ensure that the module of complex velocity is equal to   . 

From(64) it can be known that they satisfy： 

  
     

    
 
 

Where，     
 

  
 

It indicates that there exists certainly refraction effect of electric potential, i.e., lunular effect 

of electric potential. When light rays pass nearby an object, because electric potential continues 

to increase with the decrease of r，inducing the decrease of speed of light with the decrease of r，
therefore  light path will be a bending line, the same as the lunular effect of gravity. 

4. Law of magnetic loop： 

According to the principle of relativity of electric potential, there is: 
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From(54) and (62) we get： 
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Substituting(67)(45)(12)(61) into(66)，and       ，we get the  modified law magnetic 

loop： 
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Equations(47)(49)(63)(68) constitute the form of integration in Maxwell equations. It is 

easy to get its form of differential by mathematic transform: 
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Where，   is density of electric charge，   is current density. 

Application of new Maxwell equations： 

(1) Suppose the resistance in the reference system with zero electric potential is   and the 

resistance in the reference system with electric potential   is   ，there is: 



 
 

 9 / 10 
 

  
 

 
            (74) 

   
  

  
           (75) 

Substituting(31)(53)(74) into(75), we get： 
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(2) Suppose the capacitance in the reference system with zero electric potential is   and the 

capacitance in the reference system with electric potential   is   ， there is： 
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(3) Suppose the electric inductance in the reference system with zero electric potential is   

and the electric inductance in the reference system with electric potential   is   ，there is: 
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Substituting (31)(53)(12)(78) into(79), we get： 
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(4)  Suppose the frequency of LC circuit in the reference system with zero electric potential 

is   and the frequency in the reference system with electric potential   is   ，there is： 
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Substituting (80)(77)(81) into(82), we get： 

   
  

√    
  √  

  

  
           (83) 

From (83) it can be known that the frequency of electromagnetic wave is related to electric 

potential. That is, the spectral frequency of an atom in the reference system with high electric 

potential is lower than that the reference system with zero electric potential, we call it frequency 

effect of electric potential. At the same time, equation(83) can be transformed into equation (12)，
which shows that equations are consistent and harmonious. 

Suppose in RC circuit and in the reference system with zero electric potential, time constant 

is  ，resistance R，voltage V，current I，capacitance C, and in the reference system with  

electric potential  , time constant   ,
 resistance   , voltage   , current   , capacitance   , 
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                   (84) 

According to Ohm’s law    
  

  
，substituting  (31)(53)(34) into(84) we get： 
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(85) and (12) are equivalent. 
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