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Abstract: Explanation of electron self-energy and charge quantization is one of the challenging problems 

facing quantum electrodynamics. In this work one quantizes electron and elementary particles charges on the 

basis of electromagnetic Hamiltonian in a curved space-time at vacuum stage of the universe,using quantum 

spin angular momentum and Klein-Gordon equation beside generalized special relatively. Electron charge is 

found to be quantized and the electron self-energy is finite. The radius of the electron is also found. 
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I. Introduction 
 The universe building blocks are atoms. These atoms consist of electrons, protons and neutrons. The 

recent elementary particle models, like electroweak standard model, say that even these particles are consisted 

of smaller elementary particles called quarks and leptons [1,2], these particles have certain masses. The origin of 

these masses are explained by the so called Higgs mechanism [3,4].Recently Higgs particles which are thought 

to be responsible for mass generation was discovered experimentally in CERN [5]. This discovery comes as un-

ultimate reword confirming the key predictions of the electroweak standard model (ESM) [6]. This mechanism 

states that when symmetry is broken at minimum potential masses are generated.The electron charge is 

responsible for electric field generation. The motion of electric field generates magnetic field [7]. 

Electromagnetic field shown to be generated by time changing electric and magnetic field as shown by 

Maxwell. Maxwell equations predicts that electromagnetic wave (E.M.W) can be produced by oscillating 

charges [7]. These (E.M.W) are shown to carry information, therefore they are widely used in 

telecommunication systems [8]. According to Maxwell equations (M.E) electromagnetic field and light behaves 

as waves. But the black body relation and other related phenomena, shows that (E.M.W) sometimesbehaves as 

particles called photons describe behavior of (E.M.W) and the atomic scale [9]. The theory which describes the 

behavior of photons is quantum electrodynamics [10]. This theory succeeded in describing a wide meaty of 

physical phenomena can caring (E.M.W) the atomic scale. However, there are some setbacks associated with 

quantum electrodynamics, one of these problems is quantization of electron charge and electron self-energy 

[11].    

 

II. Electromagnetic Hamiltonian In A Curved Space Time And Vacuum Energy 
Accordingto general relativity (GR) any energy form cause space to be curved. Thus electromagnetic field can 

cause space to be curved. According to GR, the time – component of the metric is gives by [12] 
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Where g  is the gravity potential per unit mass and is related to electric potential   and electron charge e 

through the relation [13] 

g

U e

m m


                                        (2) 

Thus equation (1) becomes 
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 At early stages of the universe electric charge is generated due to the electromagnetic (e.m) field at 

vacuum stage. This requires minimizing the Hamiltonian (H) w.r.t electric potential   to find the electric charge 

and see how it is generated. Since the Hamiltonian part representing charge itself can be neglected as for as they 

are independent of  . The charge field interactions are neglected for simplicity. One also assumes electric 

charge to be at rest. This means that the magnetic field is not generated. Therefore  

0 ,     0,      1,2,3,...iA A i           (4) 

To find the Hamiltonian in curved space, one generalized the space one [14,15] 
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To be written in a curved space in the form [16,17] 
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From Equation (3) one gets 
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Thus minimization condition requires: 
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Assuming the mass energy to be resulting from electric field energy density d where 
2
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Inside electron of radius 0r , one gets  
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The vacuum energy potential which results from electric charge becomes      
2
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according to a vacuum energy potential which takes the form [18] 

 
3

2 2 2 2 2

0 0v vU n x n  


  
        (11) 

Thus combining Equations (10) and (11) yields 
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Thus the electric charge is given by 
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Setting ꞷ to be equal to zero, for simplification. The electric charge is given by 
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0 0 0 0(12 ) /e r x n n                         (13) 

0r  is the electron radius and 0x  is the universe radius. Thus the electron radius can be found by assuming that 

the electron energy results from its spinning, where the spin angular momentum is given by 
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Where for electron  
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At vacuum stage we choose minimums lower value. 
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Assume that rest mass is neglected in relativistic expression to get 
2mc E c p        (17) 
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The same relation can hold for Newtonian mechanics by considering wave nature of electrons, where the 

maximum velocity 
mv  is related to the effective value v through the relations 

2

mv
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By assuming  
p mv  

Thus the Newtonian expression for free particle takes the form 
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If one believes in relativistic energy mass relation, one gets  
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Thus one gets: 
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Since the momentum p is related to L according to the  
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It follows from equation (21) that 
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Using equation (16) one gets 
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Substituting the values of h, m and c, the electron radius can be calculated. The electric charge is assumed to be 

born at very early stages of the universe where vacuum exist and the minimum radius is 0x  where [18] 
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0 26.635 10x m   

The electric charge is numerically given by
191.6 10e C  . It can be obtained by adjusting the quantum 

numbers n  and 0n  to be 
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 Similarly, the charges of quarks and charged leptons can be found by adjusting the quantum numbers 

n  and 0n  

Equation (10) shows that vacuum energy is repulsive due to the existence of positive sign. This can form with 

cosmological models, which suggests repulsive vacuum energy. Inflation models suggest also very large 

vacuum energy. If one believes in this model, such that 
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in this case according to generalized special relativity model the electron mass is given by 
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Assume for simplicity  
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From Equations (16), (21) and (22) the electron radius can be given to be 
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Which is quite reasonable as far as nucleus or proton radius for very light atoms are 
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III. Conclusion 
 In section(II) the Hamiltonian of free electromagnetic field in a curved space-time is minimized to get 

  in terms of c, m and e at vacuum stage as shown by equation (8). Vacuum energy is obtained by minimizing 

  and is equated with that obtained from electric energy density according to equations (9,10). The expression 

for classical angular momentum and quantum spin angular momentum are used to find electron radius. The 

electron charge is shown to be quantized according to equation (13) due to the existence of two quantum 

numbers n  and 
0n  which can be adjusted early to find the value of e. The radius of the electron can be found by 

using equations (23,28). The values obtained are very small compared to proton and nuclear radius which is 

quite reasonable. According to equations (9,28), the electron self-energy is finite. 
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