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1.
The point electric charge energy divergence is a fundamental challenge in 

electromagnetism. To address this, the author proposes the hypothesis of a 

potential limit constant. This hypothesis explains how the existence of a 

potential limit constant can resolve the issue of point charge energy 

divergence. However, this requires the development of Maxwell's equations 

and the special theory of relativity.

New electromagnetism (there is electric

potential limit constant Φ0 ):
• Point charge potential equation：
     ϕ = 𝑓 𝑟 ，r → 0, ϕ → Φ0

• Electric field  strength equation for a 

point charge：

     E = −
d𝑓 𝑟

𝑑𝑟
 ,  r → 0, E → 0

• Electric field energy density equation： 

     𝑤𝑒 =
1

2
𝜀0E2, r → 0, 𝑤𝑒 → 0

• The point charge energy： 

 Ee = ම
0

∞ 1

2
𝜀0E2 𝑑𝑣 = 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕

The theory of electrodynamic space-time relativity predicts the existence of a symmetrical theory to special 

relativity: the theory of electric potential relativity. this section discusses the covariant relationship between the theory of 

electric potential relativity and Maxwell's equations. The author derived the modified Maxwell's equations.

  The new Maxwell Equations contains the electric potential limit constant. The functional relationship between the 

electric potential limit constant and physical quantities was also obtained.

 New Maxwell's Equations also predicts many new physical effects, such as electric potential lensing and electric 

potential redshift effects. They provide a theoretical basis for experimentally testing new theories. 

 Calculate the electric field energy of the point charge according to the modified Maxwell equation and conclude that 

the point charge energy is a finite value instead of infinity. 

3.
3.1 The Theory of Complex Electrodynamic Space-Time Relativity

 
Therefore, there should be a correspondence between the potential and the imaginary speed. That is, the 

potential ϕ is equivalent to the imaginary speed Vϕ𝑖. The limit potential Φ0 should also be equivalent to 

the imaginary speed limit C0 :
Vϕ𝑖 = Kϕ         

C0𝑖 = KΦ0          

Among them, the imaginary factor 𝑖 = −1 . It can be obtained from the equation：

K =
C0

Φ0
𝑖

Vc = Vx + Vϕ𝑖

Physically, it corresponds to a frame of reference that has both real velocity and potential. It is equivalent 

to a carriage that is both moving and electrified. Therefore, basic assumptions can be proposed: 

(5) Complex electrodynamic space-time relativity principle: the laws of physics have the same form in any 

complex electrodynamic inertial frame of reference;

(6) The assumption of the spatiotemporal limit of complex electrodynamics: In any complex 

electrodynamic inertial frame of reference, the limit of the modulus of the complex velocity at any point in 

the vacuum is a constant C0, or the limit of the modulus of its complex potential is a constant Φ0.

Among them, C0 is the speed of light in the Vacuum with zero potential, C0 =299,792,458meters/second. 
The value of the limit Φ0 of the mode of the complex potential will be finally determined by experiments.

In mathematics, it is a special form of  biquaternion. Physically it is a five-dimensional space-time (4 

dimensions of space + 1 dimension of time). Extend the concepts of complex velocity and complex 

distance to the concept of biquaternion velocity and biquaternion displacement. Establish the inertial 

reference frame of the biquaternion. Further establish the basic assumptions of the quaternion reference 

system. And derive the basic equations of quaternion electrodynamic space-time relativity.
Rq = F𝑖 + 𝐫 =  F𝑖 + X𝐢 + Y𝐣 + Z𝐤

R′q = F′𝑖 + 𝐫′ = F′𝑖 + X′𝐢 + Y′𝐣 + Z′𝐤 

Vq = Vϕ𝑖 + 𝐕r = Vϕ𝑖 + Vx𝐢 + Vy𝐣 +Vz 𝐤 

||Vq|| = Vϕ
2+Vr

2= Vϕ
2 + Vx

2
+ Vy

2+Vz
2    

3.2.1 The fundamental equations of the special 

TBESTR are described by system times tq and

 tq
′  can be obtained:

Rq
′ = Rq − Vqtq 

 tq
′ = tq

tq = (1 −
1

γ
 )

𝐶0
2

||Vq||2 (t + t′) 

3.2.2 The fundamental equations of the special 

TBESTR are described by reference frames

 t  and  t′ can be obtained:

Rq
′ = Rq −

Vq

||Vq||
1 − γ r1 + ||Vq||γt  

t′ = γ t −
||Vq||

C0
2 r1  

r1 =
1

||Vq||
 (FVϕ + XVX + YVY + ZVZ)

where：γ =
1

1−
||Vq||

𝐶0
2

2
 

 

According to electromagnetic theory calculations, the electric field 

energy of a point charge is infinite. There are further difficulties without 

using the point charge model. This is a difficulty that electromagnetism 

itself cannot overcome.

Classical electromagnetism (potential limit is infinity)

• Point charge potential equation：

     ϕ =
1

4𝜋𝜀0

𝑞

𝑟
 , r → 0, ϕ → ∞

• Electric field strength equation for 

point charge：

    E = −
dϕ

𝑑𝑟
=

𝑞

4𝜀0𝑟2 ,  r → 0, E → ∞

• Electric field energy density equation：

    𝑤𝑒 =
1

2
𝜀0E2 ,  r → 0, 𝑤𝑒 → ∞

• The point charge energy：

     Ee = 0׮

∞ 1

2
𝜀0E2 𝑑𝑣

    = 0׬

∞ 𝑞2

8𝜋𝜀0𝑟2 𝑑𝑟 = −
𝑞2

8𝜋𝜀0𝑟 0

∞

→ ∞

Obtained through the rotation and translation transformation of the coordinate system:      

3.1.1  The fundamental equation of The Theory of Complex Electrodynamic Space-Time 

Relativity expressed in system times tc and tc
′  is as simple as the equation of Galileo 

transformation:     

Rc
′ = Rc − Vctc         

tc
′ = tc       

Where, tc = (1 −
1

γ
 )

C0
2

Vc
2 (t + t′)

 3.1.2   The fundamental equation of  The Theory of Complex Electrodynamic Space-

Time Relativity expressed in reference frame times t and t′ is: 

Rc
′ = Rc −

Vc

|Vc|
1 − γ X1 + |Vc|γt        

t′ = γ t −
|Vc|

C0
2 X1  

Where,     γ =
1

1−
|Vc|

C0
2

2
 

X1 =
1

Vc
(XVx + FVϕ) 

       

3.1.3 Let Vϕ = 0，and Vx > 0，then there is the special theory of relativity:

X′ = γ X − Vxt           

F′ = F           

t′ = γ t −
Vx

C0
2 X           

γ =
1

1−
Vx

C0
2

2
  

3.1.4 Let Vx = 0， and Vϕ > 0, then there is a form that is symmetrical with the 

special theory of relativity, that is, the potential relativity theory:

F′𝑖 = γ F𝑖 −
𝐶0

Φ0
ϕ𝑖t          

X′ = X           

t′ = γ t −
ϕ

Φ0C0
F            

γ =
1

1 −
ϕ

Φ0
2

2

This article reviews the preprints of the author's two papers: The Theory of Electrodynamic Space-Time Relativity[1] and 

Discussion on the Covariant Relationship between the Theory of Electric Potential Relativity and Maxwell's Equations[2].

      Numerous experimental observations indicate that fundamental charges are quantized. Therefore, the point charge model is 

widely used in fundamental physical theories such as electromagnetism and quantum field theory and has succeeded dramatically. 

However, electromagnetic theory calculations indicate that the energy of point charges diverges, a phenomenon considered a long-

standing fundamental challenge in physics. 

      The author proposes the hypothesis of a new fundamental physical constant - the electric potential limit constant. If this 

assumption holds, the authors discuss the basis for solving the problem of point charge electric field energy divergence. In addition, 

the paper also proposes that the electric potential limit constant may be a fundamental physical constant as important as the speed of 

light and Planck's constant and may extend Maxwell's equations and modern space-time theory. The authors performed theoretical 

derivation, including the derivation of the new Maxwell equations. Within the framework of this new electromagnetism, the problem 

of infinite energy of point charges was thoroughly solved, and new physical effects were predicted for experimental verification.

If there is the potential limit constant Φ0 , the basic assumption of the potential reference 

system is:

(3) Principle of relative potential: physical laws have the same form in any equipotential 

reference system;

(4) Assumption of constant potential limit: There is a limit constant for potential, and in any 

equipotential stationary reference frame in vacuum, this potential limit is a same constant Φ0;

Comparison found that: The basic assumptions (1) (2) of the inertial reference system and the 

basic assumptions (3)(4)of the potential reference system are in the same form. At the same 

time, the shape of the velocity superposition curve is the same as that of the potential 

superposition curve. There are various indications that there is potential relativity.

Two basic assumptions of special relativity:

(1)Principle of relativity of motion: The laws of physics have the same form in any inertial 

system.

(2) Assumption of constant speed of light: In any inertial system, the speed of light in a 

vacuum is constant.

• The Lorentz transformation can be obtained:

X′ = γ X − Vxt                 

t′ = γ t −
Vx

C0
2 X         

γ =
1

1 −
Vx

C0
2

2

3.2 The special the Theory of Biquaternion Electrodynamic Space-Time Relativity

Internal Consistency Check of the Theory. By calculating the relationship between different forms of energy and the potential of the reference frame, they must be consistent: 

 
m0

′C0
′2

m0C0
2 =

ν′h′

νh
=

q′U′

qU
= 1 −

ϕ2

Φ0
2    （ Pass the Test）

New Maxwell Equations

Maxwell Equations

Result of calculating the electric field energy of a point charge using the     

      modified electromagnetism (with the existence of the electric potential 

      limit  constant):

• Equation for the potential of a point charge

      ϕ = Φ0tanh2(
q

4πε0Φ0r
), r → 0, ϕ → Φ0      

• Equation for the Electric Field Strength Distribution of a Point Charge

      E′ =
q

4πε0r2 (1 − tanh2(
q

4πε0Φ0r
)),   r → 0, E′ → 0

• Equation for the Electric Field Energy Density of a Point Charge 

      𝑤𝑒
′ =

1

2
ε0

′  E′2
,  r → 0, 𝑤𝑒

′ → 0

• Calculation of the Energy of a Point Charge

     Ee = 0׮

∞ 1

2
ε0

′  E′2
𝑑v′

  =
q2

8πε0
0׬

∞ 1

r2 (1 − tanh2 q

4πε0Φ0r
𝑑𝑟 

  = −
1

2
qΦ0tanh

q

4πε0Φ0r
|𝑟=0
𝑟=∞ =

1

2
qΦ0（𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡） 
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2.

4.

Fundamental postulates of The Theory of Biquaternion Electrodynamic Space-Time Relativity:

(7) The principle of relativity in biquaternion electrodynamic space-time: physical laws have the same form in any biquaternion electrodynamic inertial 

reference system. 

(8) The postulate of biquaternion electrodynamic space-time limit: in any biquaternion electrodynamic inertial reference system, the limit of biquaternion 

velocity state's norm-modulus of any point in the vacuum is the same constant 𝐶0; or the limit of biquaternion electric potential state's norm-modulus of 

any point is the same constant Φ0.  

Where 𝐶0 is the speed of light in a vacuum with zero electric potential, equaling 299,792,458 m/sec.  Φ0 can only be determined by experiment.

RQ = (F1 + F2𝑖) + (X1 + X2𝑖)𝐢 + (Y1 + Y2𝑖)𝐣 + (Z1 + Z2𝑖)𝐤

R′Q = (F1
′ + F2

′ 𝑖) + (X1
′ + X2

′ 𝑖)𝐢 + (Y1
′ + Y2

′𝑖)𝐣 + (Z1
′ + Z2

′ 𝑖)𝐤  

VQ = (Vϕ1 + Vϕ2𝑖) + (Vx1 + Vx2𝑖)𝐢 + (Vy1 + Vy2𝑖)𝐣 + (Vz1 + Vz2𝑖)𝐤

||VQ|| = Vϕ
2 + Vr

2 = Vϕ1
2 + Vϕ2

2 + Vx1
2

+ Vx2
2+Vy1

2 + Vy2
2 + Vz1

2 + Vz2
2 

RQ ∙𝑎𝑟 VQ = F1Vϕ1 + F2Vϕ2 + X1VX1 + X2VX2 + Y1Vy1 + Y2Vy2 + Z1Vz1 + Z2VZ2

The fundamental equations of the complete TBESTR described by the system times tQand tQ
′ :

RQ
′ = RQ − VQtQ 

tQ
′ = tQ

tQ = (1 −
1

γ
 )

𝐶0
2

||VQ||2 (t + t′)  

The fundamental equations of the complete TBESTR described reference frames time t and t′:

RQ
′ = RQ −

VQ

||VQ||
1 − γ

RQ∙𝑎𝑟VQ

||VQ||
 + ||VQ||γt  

t′ = γ t −
RQ∙𝑎𝑟VQ

C0
2  

γ =
1

1−
||VQ||

𝐶0
2

2
 

3.3 The Complete the Theory of Biquaternion Electrodynamic Space-Time Relativity

Verification of the theory

F1
′ 2

+ F2
′ 2

+ X1
′ 2

+ X2
′ 2

+ Y1
′2

+ Y2
′ 2

+

Z1
′ 2

+ Z2
′ 2

− C0
2t′2

 

=  F1
2 + F2

2 + X1
2 + X2

2 + Y1
2 + Y2

2 +

Z1
2 + Z2

2 − C0
2t2 

• The conclusion is that the equation is 

established above ( the detailed proof 

process in Appendix A of the paper[1] ). 

That is, the theory of electrodynamic 

space-time relativity is theoretically 

self-consistent.

3.2.3 When Vϕ = 0, then||Vq|| = 𝐕r ，Rq = 𝐫, Rq
′ = 𝐫′

,Vq = 𝐕𝐫: 

r1 =
𝐫∙𝐕r

|𝐕r|
 

 The special theory of relativity in any direction 𝐫(𝐱, 𝐲, 𝐳) in 

three-dimensional space can be obtained :

𝐫′ = 𝐫 −
𝐕r

Vr
( 1 − γ

𝐫∙𝐕r

|Vr|
+ |Vr|γt)     

  

t′ = γ t −
𝐫∙𝐕r

C0
2          

where, γ =
1

1−
|Vr|

C0
2

2

3.2.4 When 𝐕r= 0, there is Potential time dilation effect:

∆t′ =
1

1−
ϕ2

Φ0
2 

∆t 

The potential limit constant:

Φ0 =
ϕ

1 −
 Δt

Δt′2

2

ϕ → ∞
Point charge energy

is divergent

 special theory of 

relativity

Maxwell’s 

equations

ϕ → ∞
Point charge energy

is divergent

ϕ → Φ0
Special relativity

need to be 

developed

ϕ → Φ0
Point charge energy 

dose not diverge.

Maxwell’s equations

need to be developed

1. Potential light speed effect：

The speed of light in four-dimensional space-

time is related to the electric potential：

C0
′ = C0 (1 −

ϕ2

Φ0
2) 

1.2 The speed of light in five-dimensional 

spacetime remains constant, and the principle of 

invariant light speed holds. This is entirely 

consistent with the fundamental assumptions of 

the Electrodynamic Spacetime Relativity.

C0
′2

+ Vϕ
2 = C0

2

Vϕ = C0

ϕ

Φ0

There is no contradiction between them and the 

Special Theory of Relativity.

ϕ =0，C0
′ = C0

2. Electric Potential Lens Effect

Due to the change in the speed of light in three-

dimensional space caused by the electric potential, 

it can be proven, according to Fermat's principle, 

that the law of refraction still holds. The refractive 

index is related to the electric potential:

n1 =
C0

C1
′ =

1

(1 −
ϕ1

2

Φ0
2) 

n2 =
C0

C2
′ =

1

(1 −
ϕ2

2

Φ0
2) 

Law of Refraction:

n1sinθ1 =  n2sinθ2  

Therefore, when light passes near a charged 

sphere, the path of the light will curve towards the 

center of the sphere. This phenomenon is called 

the Electric Potential Lens Effect, It similar with 

the gravitational lensing effect caused by mass.

3. The Relationship Between Resistance, 

Capacitance, and Inductance with the Potential of 

the Reference Frame

Resistance, R′ = R(1 −
ϕ2

Φ0
2)

1
2 

Capacitance,C′ = C 1 −
ϕ2

Φ0
2

−1

Inductance, L′ =  L
LC Circuit, Deriving the Potential Redshift Effect

ν′ = ν 1 −
ϕ2

Φ0
2 

The above equation is suitable for electromagnetic 

waves, naturally including light.

From the RC Circuit, Deriving the Potential Time 

Effect:

τ′ = τ(1 −
ϕ2

Φ0
2)−

1

2 

This conclusion is entirely consistent with the 

conclusions of the Potential Theory of Relativity.

4. The Relationship Between the Potential of the 

Reference Frame and Other Physical Quantities

The Relationship Between Potential and Energy

Eϕ
′ = E0 1 −

ϕ2

Φ0
2  

The Relationship Between Potential and the 

Planck Constant

h′ = h 1 −
ϕ2

Φ0
2

1
2

The Relationship Between Potential and Mass

m0
′ = m0 

The Relationship Between Potential and Charge

q′ = q 

The Relationship Between Potential and Potential 

Difference
U′

U
= 1 −

ϕ2

Φ0
2 

Based on the modified Maxwell's equations, more 

relationships between physical quantities and 

potential can be derived.

Total speed V

Speed linear superposition 

curve(Newtonian mechanics)

Nonlinear superposition curve of 

velocity

(Special Theory of Relativity)

Thought experiment: infinite inertial reference frames connected in series

Speed of light C0
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