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Abstract 
Studying the source of particle properties is the most important goal for 
scientists, so it was necessary to use the means available to us, which is physi-
cal logic to study these properties. In this paper, you will examine how the 
type of coordinates in which electromagnetic fields are distributed can have a 
role in detecting particle properties, specifically using the Riemann-Silberstein 
vector. Because electromagnetism it deals with electric and magnetic fields 
together for any electromagnetic sentence, and when we study it according to 
multiple coordinates and study its derivation by changing coordinates, we 
discover how the electromagnetic sentences are transformed from one par-
ticle to another. 
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1. Introduction 

In the creation of pairs experiment, we notice the transformation of a massless 
particle into a massive particle, and if we remind that the creator photon is 
energy that has only two properties which are an electric field and a magnetic 
field only, we will find that electron (positron) has only these two fields, so those 
fields are responsible only for all the characteristics of the new particle. We will 
study the free massless photon in vacuum (without interaction) according to 
Maxwell’s equation abbreviated according to Lorentz’s Gauge in the following 
form: 

0Aµ
µ∂ =                        (1.1: A) 

0tϕ∂ +∇ =A                       (1.1: B) 

And we can write it as the following  
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0F Aµν µ
µ∂ = =                         (1.2)  

In addition, we can write it as the following: 
2 2

2 2

0t

t

Aµ ϕ ϕ ϕ ∂ −∇   
= = =    ∂ −∇    A A A



 0

                (1.3)      

where A is the magnetic potential, ϕ  is the electric potential.  
And always 2 2 0tϕ ϕ∇ = ∂ ≠ , also 2 2

t∂ = ∇ ≠A A 0 . 
In order to know the importance of the previous equations, we must remind 

that electromagnetic potential of photon which is distributed in the Cartesian 
coordinates, and when we study the massive photon, we will find that its motion 
equation is given according to the following [1]: 

2F A m Aµν µ µ
µ∂ = = −                       (1.4)  

So, we must discover the reason which causes changing Aµ  from 0, into 
nonzero which is 2m Aµ− , then the last reason will be the reason off mass, be-
cause the value 2m Aµ−  comes from mass, thus, we will study the electromag-
netic potential according to curved coordinates. 

2. Studying of Electromagnetic Potential with Curved  
Coordinates 

When we study the massive particle of the weak force (Proca’s particle), we will 
find that its equation has the following [2]: 

 2A m Aµ µ= −                          (2.1)  

where 2 2 0tϕ ϕ∇ ≠ ∂ ≠ , 2 2
t∂ ≠ ∇ ≠A A 0 . 

We can easily note that two different particles have the same kinetic motion, 
so the only reason, which makes the difference in property, is the sort of coordi-
nates, then, for facilitating the study, we will study Aµ  according to the fol-
lowing curved coordinates which have a constant radius (because the studied 
particle have a classical radius) [3]: 

In cylindrical coordinates ( ), , ,r z tθ : 
The radius ] [0,r∈ ∞ , [ ]0,2θ ∈ π , ] [0,z∈ ∞ , t is the time  

( )
2 2 2

2
2 2 2 2 2 2

2 2 2

2 2 2 2 2 2

2 2 2

2 2 2 2

1 1 2 ˆ, ,

1 1 2 ˆ

1 1 ˆ

r r r r r

r

z z z z

A A A A A Ar z r
r rr r z r r

A A A A A A
r rr r z r r

A A A A z
r rr r z

θ

θ θ θ θ θ

θ
θθ

θ
θθ

θ

 ∂ ∂ ∂ ∂ ∂
∇ = + + + − − ∂ ∂∂ ∂ ∂ 

 ∂ ∂ ∂ ∂ ∂
+ + + + + − ∂ ∂∂ ∂ ∂ 
 ∂ ∂ ∂ ∂

+ + + + ∂∂ ∂ ∂ 

A

 (2.2: A) 

( )
2 2 2

2
2 2 2 2

1 1, ,r z
r rr r z

ϕ ϕ ϕ ϕϕ θ
θ

∂ ∂ ∂ ∂
∇ = + + +

∂∂ ∂ ∂
             (2.2: B) 

Now, if we checked the previous curved coordinates, we will find that the 
electromagnetic potential distributed according to cylindrical coordinates changes 
around a moving coordinate center, and this is the most important property of 
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the boson which stops only at the receiving particle, so we can say that Proca 
equation in cylindrical coordinates study the weak force particle (and massive 
photon) as the following: 

( ) 2, , ,A r z t m Aµ µθ = −                       (2.3) 

In spherical coordinates ( ), , ,r tθ φ : 
The radius ] [0,r∈ ∞ , [ ]0,2θ ∈ π , [ ]0,φ ∈ π , t is the time  

( )
( )

( )

( )

2 2 2
2

2 2 2 2 22 2

2 2 2 2

2 2 2

2 2 2 2 22 2

2 2 2 22

1 1 cot, ,
sin

2 2 2 2cot ˆ
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2 2cot ˆ
sin sinsin

r r r r
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r r r rr
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θ
θ θθ

θ
θθ θ φ

θ
φ φθ θθ

 ∂ ∂ ∂ ∂
∇ = + + + ∂∂ ∂ ∂

∂ ∂
− − − − ∂ ∂ 
 ∂ ∂ ∂ ∂

+ + + + ∂∂ ∂ ∂

∂ ∂
+ + − ∂ ∂ 

A
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( ) ( )

2 2 2

2 2 2 2 22 2
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2 2cot ˆ
sin sin sin

r

rA A A A
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θ

θ
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φ φθ θ θ

 ∂ ∂ ∂ ∂
+ + + + ∂∂ ∂ ∂

∂ ∂ + + −
∂ ∂ 

   (2.4: A) 

( )

2 2 2
2

2 2 2 2 2 22

2 1 cos 1
sinsinr rr r rr

ϕ ϕ ϕ φ ϕ ϕϕ
φθ φ φθ

∂ ∂ ∂ ∂ ∂
∇ = + + + +

∂ ∂∂ ∂ ∂
      (2.4: B) 

And if we checked the previous curved coordinates, we will find that the elec-
tromagnetic potential distributed according to spherical coordinates changes 
around a fixed coordinate center, and this is the most important property of the 
fermion which don’t move without an external operator, so we can say that Pro-
ca equation in spherical coordinates study Dirac particles (electron-positron) as 
the following: 

( ) 2, , ,A r t m Aµ µθ φ = −                        (2.5) 

When we note that the radius of the electron is fixed, then 
2

2 0
rrA

r
∂

=
∂

,  

2

2 0rA
r

φ∂
=

∂
, 

2

2 0
r
ϕ∂
=

∂
, 0

r
ϕ∂
=

∂
, so, the changing of Aµ  will be only by the angles  

and this confirms that the electron do not move without an external operator, 
and then the subjective electromagnetic equation describing the change in the 
electromagnetic potential of an electron takes the following form:  

( ) 2, , ,A r t m Aµ µθ φ = −                       (2.6) 

Moreover, the Equation (2.6) studies the Dirac particle (electron-positron) in 
the static state (before any photon is absorbed) which is the Equations (2.7) [4]:  
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( ) ( )1 1, ,
2 2

1 0
0 11 1at rest e , at rest e
1 02 2
0 1

imt imtψ ψ− −

+ + −

   
   
   = =
   
   

−   

 

( ) ( )1 1, ,
2 2

1 0
0 11 1at rest e , at rest e
1 02 2
0 1

imt imtψ ψ
− − −

−   
   
   = =
   
   
   

 

where the sign + in 1,
2

ψ
+

 means (positive energy = electron) and the sign – in 

1,
2

ψ
−

 means (negative energy = positron). 

3. The Use of Riemann-Silberstein Vector in the Study of  
Mass  

In order to understand the role of the electric field in shaping the characteris-
tics of the elementary particle such as charge and the polarization of those 
fields that cause spin, we have to study Equation (2.6) in the field method, and 
the most important field vector for studying the work of the fields is the Rie-
mann-Silberstein vector, then, we will introduce the Riemann-Silberstein (RS) 
vector which is defined as the complex sum of the electric and magnetic field 
vectors as the following [5]: F ic= +E B . It appeared in 1907 in an article by 
Silberstein, and it is discovered that the (RS) vector may become a matrix oper-
ator as the following:  

0

0

0
0

A
A

A
µ

µ
σ

γ
σ

 +
=  

− 

A
A

                   (3.1)  

where σ  is Pauli matrices, 0A  electric potential, A is magnetic potential. 
In addition, we know: 

0
0

t i

t i

µ
µ

σ
γ

σ
∂ + ∂ 

∂ =  ∂ − ∂ 
                   (3.2) 

then, it follows from the definition of 0A
t
∂

= − −∇
∂

E A  and = ∇×B A  in 

terms of Aµ  which are equivalent to the homogeneous Maxwell equations. 
So, we can write: 

( )( ) ( )
( )

0
0

i
A

i
µ µ

µ µ

σ
γ γ

σ
 +

− ∂ = =  − − 

E B
E B

 : 1c =       (3.3)  

If the Lorentz gauge 0tϕ∂ +∇ =A . 
Also [6] defining the invariants of the field  

2 2 2 2 ,− ≡ − ⋅ ≡E B E B                     (3.4) 

Then we have ( )22 i= +F    and it follows  
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( )
( )

2
2

2

0

0

i I

i I

 +
 =
 − 


 

 
                    (3.5)  

Thus 2  is diagonal, in the general case, the matrix   satisfies the equa-
tion: 

( ) ( )24 2 2 2 2 22 0− − + + =                       (3.6) 

Thus, the Riemann-Silberstein matrix becomes a Hermitian operator of the 
Dirac function as the following: 

i i iψ λψ=                             (3.7) 

where  

( )i iλ = ± ±                             (3.8)   

Therefore, if the RS matrix was operator then   is operator, so we can 
write the last subjective personal electromagnetic equation for electron (2.4) as 
the following: 

( ) ( )2, , , , , ,A r t m A r tµ µθ φ θ φ= −                    (3.9)  

( ) ( )2, , , , , ,A r t m A r tµ
µ µ µθ φ θ φ∂ ∂ = −                  (3.10)  

( ) ( ) ( )2, , , , , ,A r t m A r tµ µ µ µ µ
µ µ µγ γ θ φ γ γ θ φ∂ ∂ = −           (3.11)  

( )( ) ( )2A m Aµ µ µ µ µ
µ µ µγ γ γ γ∂ ∂ = −                  (3.12)  

( ) ( )2, , ,r t m Aµ µ µ
µθ φ γ γ−∂ = −                   (3.13)  

( ) ( )2, , ,r t m Aµ µ µ
µθ φ γ γ∂ =                    (3.14)  

( )( )2m Aµ µ µ
µ µ µγ γ∂ ∂ = ∂                     (3.15)  

( ) ( )2, , , , , ,r t m r tθ φ θ φ=                     (3.16)  

Then, the changing of (RS) vector as an operator at the wave function of Dirac 
particle: 

( ) ( )2 2, , , , , ,i i i ir t m r t mθ φ ψ θ φ ψ λψ= =                (3.17)  

The last operator that expresses the relationship between the mass of Dirac 
particle and the changed electromagnetic fields of this particle on its surface with 
the time. 

4. The Origin of the Spin and the Charge 

We can easily note from the last equation (3.17) the following  
The first note: 
Before creation of pairs, there is a no massive electromagnetic system with 

Cartesian coordinates (the photon) that has two pulses (positive-negative). 
After creation of pairs, there are two massive electromagnetic systems with 

spherical coordinates which have two charges (positive-negative), because iλ  
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in the Equation (3.17) equals to ( )i± ±   in the Equation (3.8) that makes the 
two direction ±  which causes the two charges e± , more precisely, we will 
get on the positive pulse of wave phase when ] } / 2, / 2[tω ∈ − π +π , and we will 
get on the negative pulse of wave phase when ] } / 2, / 2[tω ∈ + π −π , Figure 1. 

The second note: 
We must study the RS vector of electron (positron) ( ), ,r θ φ , then we will 

expand the study to discover what this matrix can offer in the new dimensions of 
the studied fermion (electron-positron) which was belonging to the creator 
photon, so we will consider the creator photon at the creation point is circularly 
polarized, and when it becomes Dirac pairs must be studied in the helicity coor-
dinates, then we will study the RS vector propagating in Z direction in closed 
path by the helicity basis vectors ( 1 1,e e+ − ) instead of the spherical coordinates 
( e eθ ϕ+ ) for knowing its importance, the relation between the helical and the 
spherical for one vectors is  

1 0 1
1 0 1r rF f e f e f e f e f e f eθ θ ϕ ϕ

+ −
+ −= + + = + +              (4.1) 

( ) ( )1 0 1
1 1, ,
2 2rF f if F f F f ifθ ϕ θ ϕ+ −= − + = = −             (4.2) 

Finally, the equation of one (RS) vector spherical harmonic. 
 

 
Figure 1. The origin of charge. 
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( )
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( )
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( ) ( )
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( )

,1

1

0 ,0

1

, 1

d 1cos
d

1 1, e cos
2

d 1cos
d

n
m

im n
m n

n
m

P ik
r r

F ik
n n

F P z kr
r

F ik
P ik

r r

ϕ

θ

θ ϕ θ

θ

+
−

±

−

−

  +  
     +   = =    ±      + ±    

F





   (4.3) 

where ( )nz kr  Bessel spherical functions, and the functions ( ){ },e cosim n
m lPϕ θ−  

form an orthogonal basis for components of an arbitrary square integrable vector 
function defined on the sphere, (remind Legendre polynomials ( ),e cosim n

m lPϕ θ− ). 

1F+  is the component of the right-hand circular polarized field propagating in Z 
direction, 1F−  the right-hand circular polarized field propagating in −Z direc-
tion, and 0F  the radial component. The functions can be interpreted as genera-
lized spherical harmonics. 

Then the equation of all circular polarized RS vector of electron (on the 
sphere r0) Will be as the following [7] 

 
( ),1

1

cos
e2 0

0

n
mikr

m n n
n m n

P
i

r

θ
−

∞ =+
+ = =−

 
 

=  
 
 

∑ ∑F                 (4.4) 

( )
1

, 1

0
e2 0

cos

ikr
m n n

n m n
n

m

i
r

P θ

−
∞ =+

− = =−

−

 
 

=  
 
 

∑ ∑F                 (4.5) 

The last equation expresses the rotation of all the RS vectors of electron, that 
acts rotation of electron around itself which makes the spin as in Figure 2, Fig-
ure 3. The instantaneous change of the coordinates of the creator photon at  
 

 
Figure 2. The photon (s = 1 Up) at the creation point becomes right-handed polarized 
and then ready to be spherically distributed giving two Dirac particles their spin are +1/2. 
 

 
Figure 3. The photon (s = −1 Down) at the creation point becomes Left-handed polarized 
and then ready to be spherically distributed giving two Dirac particles their spin are −1/2. 
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the point of creation from Cartesian to spherical starts with changing of the po-
larization of the photon to circular, the right-handed polarization of the photon 
(spin: Up) gives in the new spherical coordinates two particles their spin +1/2, 
and the left polarization of the photon (s:Down) gives in the new spherical coor-
dinates two particles their spin −1/2. 

5. Conclusions 

1) The task of the wave function is only to perform all measurements of the 
electron (positron), while determining the structure of the electron (positron) is 
only done by an equation of motion that contains the electromagnetic potential 
of the electron. 

2) It is now understood how the coordinates can affect the distribution of the 
electromagnetic potential of the particle so that the studied particle has proper-
ties related to this distribution, and through a vector (RS) we are able to study 
the effect of changing the electromagnetic fields with space-time in the appear-
ance of the property that allows the electron to have its properties (charge-spin) 
and allows to interact with the Higgs particle to show mass. 

3) We have found that the source of gravity is the change in the values of the 
electric field on the surface of the elementary mass particle (spatial change) and 
the pulsation of the electric field at every point (temporal change), which makes 
it give a field similar to dark matter, as it could essentially be the gravitational 
field acting as a dark matter field in systems. Certain [8] likewise, dark matter 
can be considered a modified gravitational field, where the modified theory of 
gravity F(R, T) is adopted to explain the effects of dark matter in spiral galaxies, 
as inferred from flat rotation curves [9]. 

4) The Equation (3.17) in this shape (5.1): 
2m=   

( ) 2, , , i i ir t mθ φ ψ λψ=  

can study all real particles (fermions-bosons), when we study the boson, we will 
choose an suitable coordinate without wave function, and when we study the 
fermions, we preserve the wave function according to exclusively spherical coor-
dinates, it is SHAAM Equation.  

5) After we knew the origin of mass and charge and spin, we can now put the 
electromagnetic model of electron (positron). 
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