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Chapter 

1 Introduction 
 
The electron has both an intrinsic electric field and an intrinsic magnetic field.  
The electron’s intrinsic electromagnetic field has both energy and angular momentum. 
In our book, we have the assumption that the electron has the electromagnetic origin, 
the electron spin is the electron’s electromagnetic field angular momentum, and the 
electron’s self-energy is the electron’s electromagnetic field energy. 
 

The simplest model of electron spin is a spinning electrically charged ball, 
similar to the earth rotating about its own axis. In this model, the electron’s rest 
energy equals the electrostatic potential energy of a sphere of charge e with radius : 0r
 

00

2
2

4 r
ecme πε

=                                                                                                            (1.1) 

 
In which  is the classical radius of the electron,  is the electron’s mass. 0r em
 
Combine electron mass  with radius , and we get electron spin angular 
momentum: 

em 0r

 

20 =vrme                                                                                                                    (1.2) 

 
In which v is the classical velocity for electron spin. 
 
Then we can obtain the electron’s classical velocity: 
 

0rm
v

e

=                                                                                                                      (1.3) 

 
Combine this with equation (1.1), thus: 
 

2

2
04

e
cv πε

=                                                                                                                (1.4) 

 
And so: 
 

α
cv =                                                                                                                          (1.5) 

 
In which α  is fine structure constant: 
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c
e

0

2

4πε
α =                                                                                                                 (1.6) 

 
As we know: 
 

137
1

≈α                                                                                                                       (1.7) 

 
Therefore: 
 

137≈
c
v                                                                                                                       (1.8) 

 
Based on the above model of electron spin, the classical electron velocity is 

much greater than the velocity of light!  Why did the spinning electric charge ball 
model fail for the electron spin? The basic assumption of the above electron spin 
model is that the electron’s mass originates from electric field energy. 

 
In our book, we have an assumption that the electron has electromagnetic 

origin.  The electron’s self-energy is the electron’s electromagnetic field energy, 
which mainly comes from electron magnetic field energy, in comparison to the 
electron’s magnetic field energy, the electron’s electric field energy is much smaller. 
This is one of the major reasons why the above electron spin model failed. 

 
We no longer regard the electron as a point-like particle. Instead, we assume 

that electrons have internal structure; inside the electron it has continuum spherical 
distribution of both electric charge and magnetic charge. Based upon the charge 
distribution, and also according to the Gauss Laws for electric field and magnetic 
field, we calculate the electric field and magnetic field distribution inside the electron, 
and then we calculate electromagnetic field energy and angular momentum of the 
electron. 

 
Then we make the assumption that both the electron mass and spin have 

electromagnetic origin. Thus we obtain the electron’s self-energy from the 
electromagnetic field energy, and the electron spin from the electron’s 
electromagnetic field angular momentum. 
 

Then we extend our electron’s electromagnetic model to the proton and 
neutron, the proton and neutron also have electromagnetic origin; and we continue our 
electromagnetic model to the hydrogen and helium atoms in our book. 
 

In our book, we also provide a possible solution for the hydrogen atom 
spectrum, in which the hydrogen atom spectrum is regarded as the hydrogen 
electromagnetic field stationary wave energy spectrum. 
 

The particles that comprise all physical materials include electrons, protons 
and neutrons; all of which have electromagnetic origin. Therefore, all materials have 
electromagnetic origin. 
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Chapter 

2 
The electric charge distribution 

inside of the electron. 
 
 

We no longer regard the electron as a point-like particle. The electron has an 
internal structure, and the electric charge inside the electron has continuum 
distribution. 
Here is one of our most basic assumptions about the electron; the electric charge 
distribution inside of the electron has the following equation: 
 

θ
π

θρ sin)exp(1),( 22
ee

e a
r

ra
er −−=                                             (2.1) 

 
We use the spherical polar coordinates in our book, in which r is the radial 
coordinate,θ  is the polar angle, e is the electric charge of the electron,  is the 
electron radius constant. 

ea

 
By integrating the electric charge density equation (2.1), we can find the volume 
electric charge: 
 

∫=
V

ee drrrQ 3),(),( θρθ                                                      (2.2) 

 
In which , thus: drdrdr θθπ sin2 23 =
 

∫ −−=
V ee

e drdr
a
r

ra
erQ θθπθ

π
θ sin2sin)exp(1),( 2

22                   (2.3) 

 
22( , ) exp( ) ( )sine

e e eV

e r r rQ r d d
a a a

θ θ θ
π

= − −∫                              (2.4) 

 
2

0 0

2( , ) [ exp( ) ( )][ sin ]
r

e
e e e

e r r rQ r d d
a a a

θ

θ θ θ
π

= − −∫ ∫                  (2.5) 

 
)2sin

2
1(1)]exp()1(1[),( θθ

π
θ −−+−−=

ee
e a

r
a
rerQ                                     (2.6) 

 
The equation (2.6) is the electric charge space distribution equation. 
From equation (2.6), we find out that: 
When πθ = , therefore: 
 

 7



 )]exp()1(1[),(
ee

e a
r

a
rer −+−−=πQ                                       (2.7) 

 
As we can see, the electric charge distribution is a kind of cumulative gamma 
distribution [B] 
 
Equation (2.7) is the electric charge equation within the sphere of radius r. 
When ∞→r , thus:  
 

eQe −=                                            (2.8) 
 
Thus we can see that the electron as a whole has one unit negative electric charge e. 
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Chapter 

3 
The magnetic charge distribution 

inside of the electron. 
 
 
In our electron model, we no longer regard the electron as a point-like particle. 
Similar to the electron’s electric charge, which has continuum distribution inside of 
the electron, we make one of our basic assumptions here that the magnetic charge has 
continuum distribution inside of the electron. The distribution equation is as follows: 
 

θ
π

θρ cos)exp(1),( 2
ee

m a
r

ra
gr −−=                                       (3.1) 

 
By integrating the magnetic charge density equation (3.1), we can get the volume 
magnetic charge: 
 

∫=
V

mm drrrQ 3),(),( θρθ                                                   (3.2) 

 
In which  thus drdrdr θθπ sin2 23 =
 

∫ −−=
V ee

m drdr
a
r

ra
grQ θθπθ
π

θ sin2cos)exp(1),( 2
2               (3.3) 

 
Therefore, 
 

( , ) 2 exp( ) ( ) cos sinm
e e eV

r r rQ r g d d
a a a

θ θ θ= − −∫ θ               (3.4) 

 
Thus: 
 

0 0

( , ) 2 [ exp( ) ( )][ cos sin ]
r

m
e e e

r r rQ r g d d
a a a

θ

θ θ θ θ= − −∫ ∫              (3.5) 

 
Consequently, 
 

)2cos1(
2
1)]exp()1(1[),( θθ −−+−−=

ee
m a

r
a
rgrQ                                      (3.6) 

 
Equation (3.6) is the electron magnetic charge space distribution equation. 

From the above equation (3.6), the radial part of the distribution is a kind of 
cumulative gamma distribution function *[B]. 
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From equation (3.6), we find out that: 
When πθ = , Thus:  
 

0),( =πrQm                                                                (3.7) 
 

From equation (3.7), we learn that within the sphere of any radius r, the 
magnetic charge total is always zero. 
 

We find out that inside of the electron, within the sphere of any radius r, the 
magnetic charge as a whole is always zero, even though magnetic charge distribution 
exists inside of the electron. 
 

When 
2
πθ = , thus: 

 
 )]exp()1(1[)

2
,(

ee
m a

r
a
rgr −+−−=Q π                                          (3.8) 

 
The above equation (3.8) is the electron north pole area magnetic charge 

distribution within the sphere of radius r, from which we can see the magnetic charge 
distribution is also the cumulative gamma distribution [B]. 
 
When ∞→r  thus:  
 

gQm −=                                                                  (3.9) 
 
Which shows us that the electron has one unit negative magnetic charge ‘g’ in the 
whole north pole area (

2
0 πθ <≤ ).  

Inside the electron, the whole area of the north pole, has one unit negative magnetic 
charge ‘g’. 
 
As we know, the electron has total zero magnetic charge, so the electron whole south 
pole area ( πθπ

<≤
2

) has one unit positive magnetic charge ‘g’. 

 
Inside the electron, the whole area of south pole has one unit positive magnetic charge 
‘g’. 
 
 
Reference 
 
Quantised singularities in the electromagnetic field 
PAM. Dirac  
Proc. Roy. Soc. London A 133, 60, 1931 
 
The theory of magnetic monopoles 
PAM. Dirac  
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Phys. Rev. 74, 817-830 (1948) 
 
A new derivation of Dirac's magnetic monopole strength  
P V Panat  
Eur. J. Phys. 24 111-114 (2003) 
 
Symmetry in electrodynamics: A classical approach to magnetic monopoles  
W. B. Zeleny  
Am. J. Phys. 59, 412 (1991) 
 
Magnetic charges in special relativity  
I. Adawi  
Am. J. Phys. 59, 410 (1991) 
 
Angular momentum of a charge–monopole pair  
K. R. Brownstein  
Am. J. Phys. 57, 420 (1989) 
 
Quasiclassical quantization of the magnetic charge  
P. Hraskó  
Am. J. Phys. 45, 838 (1977) 
 
Thomson's monopoles  
I. Adawi  
Am. J. Phys. 44, 762 (1976) 
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Chapter 

4 
The electric field inside of  

the electron 
 
 
As we know, the Gauss Law of Electric Field defines the relationship between electric 
charge and electric field as follows:  
 

0ε
ρeE =⋅∇                                                                  (4.1) 

 
In which E  is the electric field strength, and eρ is the electric charge density. 
If we combine the Gauss Law of Electric Field equation (4.1) and the electric charge 
density distribution equation (2.1), we will obtain the follows electric field solution: 
 

)cosˆsinˆ)(exp(1

0
2 θθθ
επ

−−= r
a
r

ra
eE

ee

                                        (4.2) 

 
Below, we will prove that the above equation (4.2) satisfies the Gauss Law of Electric 
Field. 
 
As we know the gradient  in spherical coordinate is: 
 

φ
φ

θθ
θ

∂
∂

+
∂
∂

+
∂
∂

=∇ ˆ
sin
1ˆ1ˆ

rrr
r  

 
From equation (4.2), thus: 
 

}cos)exp(1sin)]exp(1[{ 22
0

θ
θ

θ
πε ∂

∂
−−−

∂
∂

=⋅∇
eee a

r
ra

r
rra

eE                                      (4.3) 

 
Thus: 
               

}sin)exp(1sin)]exp(1[{ 22
0

θθ
πε eee a

r
ra

r
rra

eE −+−
∂
∂

=⋅∇                                       (4.4) 

 
}sin)exp(1sin)]exp(1)exp(1{[ 222

0

θθ
πε eeeee a

r
ra

r
raa

r
ra

eE −+−−−−=⋅∇                          (4.5) 

 
Therefore: 
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}sin)exp(1sin)]exp(1)exp(1{[ 222
0

θθ
πε eeeee a

r
ra

r
raa

r
ra

eE −+−−−−=⋅∇               (4.6) 

 
And so: 
              

θ
πε

sin)exp(1
22

0 ee a
r

ra
eE −−=⋅∇                                                    (4.7) 

 
If we combine equation (4.7) and (2.1), then we will get the Gauss Law of Electric 
Field. 
 

0ε
ρeE =⋅∇   

 
Thus we have proved that the electric field equation (4.2) indeed satisfies the Gauss 
Law of Electric Field. 
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Chapter 

5 
The magnetic field inside of  

the electron 
 
 
Similar to the electric field, the Gauss Law of Magnetic Field has defined the 
relationship between magnetic charge and magnetic field. The Gauss Law of 
Magnetic Field is: 
 

0µ
ρmH =⋅∇                                                                  (5.1) 

 
In which H  is the magnetic field strength, mρ  is the magnetic charge density. 
 
Combine the Gauss Law of Magnetic Field (5.1) and magnetic charge density 
distribution equation (3.1), and we get the follows magnetic field strength solution: 
 

)sinˆcosˆ)(exp(1

0

θθθ
πµ

+−= r
a
r

ra
gH

ee

                                     (5.2) 

 
We will prove that the above equation (5.2) satisfies the Gauss Law of Magnetic Field. 
As we know the gradient  in spherical coordinate is: 
 

φ
φ

θθ
θ

∂
∂

+
∂
∂

+
∂
∂

=∇ ˆ
sin
1ˆ1ˆ

rrr
r  

 
From equation (5.2), thus: 
 

]}sin)exp(1cos)]exp(1[{ 2
0

ϑ
θ

θ
πµ ∂

∂
−+−

∂
∂

=⋅∇
eee a

r
ra

r
rra

gH                                      (5.3) 

 
Therefore, 
 

]}cos)exp(1cos)]exp(1)exp(1{[ 22
0

ϑθ
πµ eeeee a

r
ra

r
raa

r
ra

gH −+−−−−=⋅∇                       (5.4)  

 
Thus: 
 

θ
πµ

cos)exp(1
2

0 ea
r

ra
gH −−=⋅∇                                         (5.5) 

 
Combine equation (3.1) and (5.5), then we get: 
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0µ

ρmH =⋅∇  

 
Thus we have proved that the magnetic field solution equation (5.2) satisfied the 
Gauss Law of Magnetic Field. 
 
 
Reference 
 
The magnetic dipole interaction in Einstein-Maxwell theory 
W.B.Bonnor 
Class.Quant.Grav. 19 (2002) 149-153 
 
Interaction between a stationary electric charge and a stationary magnetic dipole 
W.B.Bonnor 
Class.Quant.Grav. 18 (2001) 2853 
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Chapter 

6 
The electromagnetic field  

angular momentum of the electron 
 
 
As we know, the electromagnetic field has the properties of energy, momentum and 
angular momentum. The electromagnetic field momentum density is: 
 

HE
c

p ×= 2

1                    (6.1) 

 
Based upon the electromagnetic field momentum, and then we can define the field 
angular momentum density as follows: 
 

pr ×=ς                      (6.2) 
 
Thus: 
 

)(1
2 HEr

c
××=ς                                (6.3) 

 
Then integrating equation (6.3), we can get the field angular momentum: 
 

3
2 )(1 drHEr

c
L ∫ ××=                       (6.4) 

 
Combine the equation (4.2) and (5.2) into equation (6.3), 
Thus: 
 

θ
π

ς ˆ)2exp(1
23

ee a
r

ra
eg

−−=                                (6.5) 

 
For the cylindrical coordinate ( ρ , φ , z), which has the follows relationship with the 
spherical coordinate (r, φ , θ ):  
 

θρ sinr=   
 

θcosrz =  
 
We can separate the angular momentum density into the z component and ρ  
component,  
The z component of angular momentum density is: 
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θ
π

ς sin)2exp(1
23

ee
z a

r
ra

eg
−=                                           (6.6) 

 
The ρ component of angular momentum density is: 
 

θ
π

ς ρ cos)2exp(1
23

ee a
r

ra
eg

−−=         (6.7) 

 
As we know the volume element is: dr  drdr θθπ sin2 23 =
For the ρ  component of angular momentum density, because  
 

0sincos
0

=∫
=

π

θ

θθθ d                                                    (6.8) 

 
Thus we can get the ρ  component of angular momentum:  
 

0=ρL  
 
For the z component of electron angular momentum, we have 
 

∫ −= drdr
a
r

ra
egL

ee
z θθπθ

π
sin2sin)2exp(1 2

23                  (6.9) 

 
Thus: 
 

∫ −= θθ
π

ddr
a
rr

a
egL

ee
z

2
22 sin)2exp(2                 (6.10) 

 

∫∫ −=
θ

θθ
π 0

2

0
22 sin)2exp(2 ddr

a
rr

a
egL

r

ee
z                   (6.11) 

 
Therefore: 
 

)2sin
2
1)](2exp()21(1[

4
),( 2 θθ

π
θ −−+−=

ee
z a

r
a
regrL                (6.12) 

 
The equation (6.12) is the angular momentum distribution equation of an electron.  
 
When πθ = , the z component of angular momentum is: 
 

)]2exp()21(1[
4

),(
ee

z a
r

a
regrL −+−=

π
π                 (6.13) 
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The equation (6.13) is the angular momentum within the sphere of radius r of an 
electron.  
 
The angular momentum distribution is a kind of cumulative gamma distribution in 
mathematics [B] 
 
When ∞→r  thus: 
 

π4
egL z =                               (6.14) 

 
The above angular momentum is the electron’s electromagnetic field angular 
momentum in total. 
 

What is the electron spin? As we know, the electron spin is the electron 
intrinsic angular momentum. Let us make an assumption that electron spin is the 
electromagnetic field angular momentum, which also means that the electron spin is 
of purely electromagnetic origin. 
 
Thus: 
 

2
=zL                    (6.15) 

 
Combine (6.14) and (6.15), thus: 
 

heg =                    (6.16) 
 
From equation (6.16), we found out that the multiple of electric charge unit ‘e’ and 
magnetic charge unit ‘g’ equal the Planck’s constant ‘h’. 
 
Then, we can also calculate the ratio of magnetic charge ‘g’ and electric charge ‘e’ as 
follows: 
 

2e
h

e
g
=                                                              (6.17) 

 
Thus: 
 

2
0

0

2
2

ce
hc

e
g

ε
ε

=                                                              (6.18) 

 
So: 
 

αε ce
g

02
1

=                                                              (6.19) 
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Thus: 
 

0

0

2
1

ε
µ

α
=

e
g                                                              (6.20) 

 
As we know, the vacuum impedance is: 
 

0

0
0 ε

µ
=Z                                                              (6.21) 

 
So we can see the ratio of magnetic charge unit ‘g’ and electric charge unit ‘e’ has the 
unit of impedance. 
 
 
Reference 
 
Electromagnetic field angular momentum in condensed matter systems 
Douglas Singleton, Jerzy Dryzek  
Phys. Rev. B, 62, 13070 (2000)  
 
Electromagnetic angular momentum and quantum mechanics 
D. Singleton  
Am. J. Phys. 66, 697 (1998)  
 
A derivation of the classical monopole energy loss from angular momentum 
conservation 
J. S. Trefil  
Am. J. Phys. 51, 1113 (1983)  
 
A Newton–Faraday approach to electromagnetic energy and angular momentum 
storage in an electromechanical system  
N. Gauthier  
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Dipoles at rest  
David J. Griffiths   
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Rotating waves  
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APEIRON Vol. 7 Nr. 3-4, July-October, 2000 
 
 
 
 
 

 20



Chapter 

7 
The electric field energy  

of the electron 
 
 
As we know, the electric field energy density is:  
 

2
02

1 Eue ε=                                                                  (7.1) 

 
Integrating energy density for the sphere of radius r, we can get the electric field 
energy: 
 

∫= 32
02

1 drEU e ε                                                                  (7.2) 

 
With the electric field strength equation (4.2), then we can get: 
 

∫ −= drr
a
r

ra
eU

ee
e

2
22

0
4

2

4)2exp(1
2

π
επ

                                                            (7.3) 

 
Thus: 
 

)]2exp(1[)(
0

3

2

ee
e a

r
a

erU −−=
επ

                                                 (7.4) 

 
Equation (7.4) is the electric energy distribution equation of electron. We find out that 
the electric field energy has the spherical exponential distribution inside of the 
electron. 
 
When ∞→r , thus: 
 

e
e a

eU
0

3

2

επ
=                                                                   (7.5) 

 
Equation (7.5) is the electron’s electric field total energy equation. 
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Chapter 

8 
The magnetic field energy  

of the electron 
 
 
As we know, the magnetic field energy density is: 
 

2
02

1 Hum µ=                                                                  (8.1) 

 
Integrating energy density to volume of the sphere of radius r, from the magnetic field 
equation (5.2), then we can get the electron magnetic field energy 
 

∫ −= dr
a
r

a
gU

ee
m )2exp(2

2
0

2

πµ
                                                     (8.2) 

 
Thus: 
 

)]2exp(1[)(
0

2

ee
m a

r
a

grU −−=
πµ

                                        (8.3) 

 
The equation (8.3) is the magnetic field energy within the sphere of the radius r. 
From equation (8.3), We find out that the magnetic field energy of electron has the 
spherical exponential distribution. 
 
When ∞→r , thus: 
 

e
m a

gU
0

2

πµ
=                                                                   (8.4) 

 
Equation (8.4) is the electron magnetic field energy in total. 
 
 
 
 
 
 
 
 
 
 
 

 22



Chapter 

9 
The electromagnetic field energy  

of the electron 
 
 
As we know, the electromagnetic field energy density is: 
 

2
0

2
0 2

1
2
1 HEu µε +=                                                                   (9.1) 

 
Thus the electron electromagnetic field energy is: 
 

me UUU +=                                                                  (9.2) 
 
Combine equation (7.5) and (8.4), thus: 
 

2
0

0
3

2

g
a

a
e

U
U e

em

e πµ
επ

=                                                      (9.3) 

 
Thus: 
 

0
22

0
2

επ
µ

g
e

U
U

m

e =                                                                  (9.4) 

 
As we know: 
 

hge =                                                                            (9.5) 
 
And also: 
 

c
e

0

2

4πε
α =                                                                           (9.6) 

 

00

1
µε

=c                                                                             (9.7) 

 
Thus: 
 

2)2(
π
α

=
m

e

U
U                                                                  (9.8) 

 

 23



Thus: 
 

)41( 2

2

0

2

π
α

πµ
+=

ea
gU                                                      (9.9) 

 
 
Thus: 
 

)41( 2

2

π
α

α
+=

ea
cU                                                               (9.10) 

 
As we know, the electron mass is one of the basic properties of electrons. Where does 
the electron mass come from? One of the most popular theories is the electromagnetic 
origin of electron mass. 
 
From the above equation (9.10), we get the electron’s electromagnetic energy; let us 
make an assumption here that the electron’s mass origin is from the electromagnetic 
field energy, thus: 
 

2cmU e=                                                                (9.11) 
 
In which U is the electron electromagnetic field energy, and  is the electron mass, 
then combine the equation (9.10) and (9.11), we can get 

em

 

)41( 2

2
2

π
α

α
+=

e
e a

ccm                                                    (9.12) 

 
Thus: 
 

)41( 2

2

π
α

α
+=

cm
a

e
e                                                               (9.13) 

 
And we know that the Bohr radius is: 
 

αcm
a

e

=0                                                                                    (9.14) 

 
Thus: 
 

)41( 2

2

0 π
α

+= aae                                                               (9.15) 

 
As we know, the value of fine structure constant is about: 
 

137
1

≈α                                                                           (9.16) 
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Thus: 
 

1)2( 2 <<
π
α                                                                           (9.17) 

 
Thus: 
 

eaa ≈0                                                                           (9.18) 
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Chapter 

10 
The velocity of the  

electromagnetic field 
 
 
As we know, the velocity V , the mass m, and the momentum P  has the follows 
relationship: 
 

m
PV =                                                                 (10.1) 

 
Let us make the assumption that the above relationship is also valid within the 
electromagnetic field. As we know for the electromagnetic field, the momentum 
density is: 
 

HE
c

p ×= 2

1                                                                (10.2) 

 
Per our assumption, the mass origin is from the electromagnetic field energy, so the 
mass density inside the electromagnetic field is: 
 

2c
 u
=ρ                                                                 (10.3) 

 
In which u is the electromagnetic field energy density: 
 

2
0

2
0 2

1
2
1 HEu µε +=                                                    (10.4) 

 
Thus, the velocity of electromagnetic field is as follows: 
 

ρ
pV =                                                                  (10.5) 

 
Thus:    
 

)
2
1(

2
1 2

0
2

0 HE

HEV
µε +

×
=                                                   (10.6) 
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As we know: 
 

00

1
µε

=c  

 
Thus:  
 

])()[(
2
1

)()(
2

0
2

0

00

HE

HE
c
V

µε

µε

+

×
=                                                     (10.7) 

 
Equation (10.7) is the electromagnetic field velocity equation.  
 
From the equation (10.7), we found out that the value of velocity V  is always less 
than the speed of light c, when and only when both of the follows two conditions are 
satisfied, the velocity will equal to speed of light, which are: 
 

0=⋅HE                                                                 (10.8) 
 
And  
 

HE 00 µε =                                                                          (10.9) 
 
Thus:  
 

                                                              (10.10) cV =
 
Combine the equations (4.2) and (5.2) into (10.7), then we can get the velocity of 
electromagnetic field inside the electron as follows: 
 

φ
α

π

α
π ˆ

)2(1

4

2+
=

c
V                                                   (10.11) 

 
In which φ  is the azimuthal angle. 
 
From the above equation, we find out that inside of the electron, the velocity is around 
the azimuthal direction, and that the speed inside of the electron has constant value. 
 
As we know:  
 

1)2( 2 <<
π
α      

 
Thus: 
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φ
π
α ˆ4cV ≈                                                               (10.12) 
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Chapter 

11 The conservation of electric charge 
 
 
The electric charge conservation is one of the basic conservation law in physics. 
The electric charge conservation law is as follows: 
 

0)( =⋅∇+
∂
∂ V

t e
e ρρ                                                                        (11.1) 

 
In which eρ  is the electric charge density.                                               
 
Let us prove that the electric charge conservation equation is valid for the electron. 
 
Combine the electron velocity equation (10.11) and the electric field equation (4.2), 
then we can get: 
 

)cosˆsinˆ)(exp(1

0
2 θθθ
επ

r
a
r

ra
VeEV

ee

+−=×                                    (11.2) 

 
As we know:  
 

φ
φ

θθ
θ

∂
∂

+
∂
∂

+
∂
∂

=∇ ˆ
sin
1ˆ1ˆ

rrr
r                                                  (11.3) 

 
Thus: 
 

θ
επ
φ sin)exp(1ˆ

)( 2
0

2 a
r

ra
eVEV

e

−−=××∇                                    (11.4) 

 
From the electric charge density equation (2.1), thus: 
 

VEV eρε 0

1)( =××∇                                                  (11.5) 

 
From equation (4.2), we know that: 
 

0=
∂
∂

t
E                                        (11.6) 
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Thus, we can get 
 

t
EVEV e ∂
∂

+=××∇ 00 )( ερε                                                 (11.7) 

 
Compare this with the hydromagnetic equation (dynamo equation), which is as 
follows: 
 

t
BBBV
∂
∂

+∇−=××∇ 2)( λ                                      (11.8) 

 
In whichλ  is the constant of the magnetic diffusivity. 
 
We can see that there are many similarities between these two equations; we then call 
the equation  (11.7) as the hydroelectric equation of electromagnetic field. 
 
Because: 
 

0)]([ =××∇⋅∇ EV                                                             (11.9) 
 
Thus: 
 

0)( =⋅∇+
∂
∂

V
t e
e ρ

ρ
                                               (11.10) 

 
Equation (11.10) is the electron electric charge conservation equation, which is also 
called the electric charge continuity equation. 
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Chapter 

12 The conservation of magnetic charge 
 
 
Similar to the electric charge, the magnetic charge conservation law is as follows: 
 

0)( =⋅∇+
∂
∂

V
t m
m ρ

ρ
                                                 (12.1) 

 
In which mρ  is the magnetic charge density.                                                
 
Let us prove that the magnetic charge conservation equation is valid for the electron. 
 
Combine the electron velocity equation (10.11) and the magnetic field equation (5.2), 
then we get: 
 

)sinˆcosˆ)(exp(1

0

θθθ
πµ

r
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VgHV

ee

−−=×                                    (12.2) 

 
As we know:  
 

φ
φ

θθ
θ

∂
∂

+
∂
∂

+
∂
∂

=∇ ˆ
sin
1ˆ1ˆ

rrr
r                                                  (12.3) 

 
Thus: 
 

θ
πµ

φ cos)exp(1ˆ
)( 2

0 a
r

ra
gVHV

e

−−=××∇                                    (12.4) 

 
From the magnetic charge density equation (3.1), thus: 
 

VHV mρµ0

1)( =××∇                                                             (12.5) 

 
From equation (5.2) we know that:  
 

0=
∂
∂

t
H                                                   (12.6) 
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Thus, we can get: 
 

t
HVHV m ∂
∂

+=××∇ 00 )( µρµ                                                (12.7) 

 
Compare with the hydromagnetic equation (dynamo equation), which is as follows: 
 

t
BBBV
∂
∂

+∇−=××∇ 2)( λ                                      (12.8) 

 
We can see there is much similarity between these two equations. We then call the 
equation (12.7) as the hydromagnetic equation of electromagnetic field. 
 
Because:   
 

0)]([ =××∇⋅∇ HV                                                              (12.9) 
 
Thus: 
 

0)( =⋅∇+
∂
∂

V
t m
m ρ

ρ
                                               (12.10) 

 
Equation (12.10) is the electron magnetic charge conservation equation, which is also 
called the magnetic charge continuity equation. 
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Chapter 

13 The electromagnetic field equation 
 
 
From our electron model, we find out that the electromagnetic field has satisfied the 5 
equations (4.1), (5.1), (10.7), (11.7), (12.7), here we rewrite each one of the equations 
as follows: 
 
The Gauss Law of Electric Field: 
 

0ε
ρeE =⋅∇                                                                                                                 (13.1) 

 
The Gauss Law of Magnetic Field: 
 

0µ
ρmH =⋅∇                                                                                                                 (13.2) 

 
The velocity of electromagnetic field equation: 
 

])()[(
2
1

)()(
2

0
2

0

00

HE

HE
c
V

µε

µε

+

×
=                                                                                 (13.3) 

 
The hydroelectric equation: 
 

t
EVEV e ∂
∂

+=××∇ 00 )( ερε                                                                                  (13.4) 

 
The hydromagnetic equation: 
 

t
HVHV m ∂
∂

+=××∇ 00 )( µρµ                                                                                 (13.5) 

 
Let us consider one special case based on the above 5 electromagnetic field equations, 
the free charge electromagnetic field in vacuum, which satisfies the following four 
conditions: 
 

0=eρ                                                                                                                       (13.6) 
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0=mρ                                                                                                                      (13.7) 

=⋅HE
 

0                                                                                                                   (13.8) 
 

HE 00 µε =                                                                                                        (13.9) 
 
Then, based on above 4 conditions, we get: 
 

cV =                                                                                                                      (13.10) 
 

HcEV 000 µεε =×                                                                                               (13.11) 
 
Thus: 
 

HEV =×0ε                                                                                                           (13.12) 
 
And: 
 

EcHV 000 µεµ −=×                                                                                            (13.13) 
 
Thus: 
 

EHV −=×0µ                                                                                                        (13.14) 
 
Thus, we can get the following 5 equations of the electromagnetic field in vacuum of 
free charge, which are: 
 

0=⋅∇ E                                                                                                                  (13.15) 
 

0=⋅∇ H                                                                                                                  (13.16) 
 
V=c                                                                                                                       (13.17) 
 

t
EH
∂
∂

=×∇ 0ε                                                                                                       (13.18) 

 

t
HE
∂
∂

−=×∇ 0µ                                                                                                    (13.19) 

Then based on the above 5 equations, we can get the Maxwell Electromagnetic Wave 
Equation in vacuum of free charge: 
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2 1

t
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∂
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2

2

2
2 1

t
H

c
H

∂
∂

=∇                                                                                                      (13.21) 
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Chapter 

14 
The electromagnetic field equation 

in complex form 
 
 
The electric field and magnetic field can be expressed in complex form. 
 
Let us define the electromagnetic charge density in complex form as: 
 

00 ε
ρ

µ
ρ

ρ em i+=                                                                                                    (14.1) 

 
The Electromagnetic field strength in complex form as: 
 

EiH 00 εµ +=Γ                                                                                                (14.2) 
 
And also: 
 

EiH 00* εµ −=Γ                                                                                               (14.3) 
 
As we know the electromagnetic field energy density is: 
 

2
0

2
0 2

1
2
1 HEu µε +=                                                                                                 (14.4) 

 
Thus, we have: 
 

*

2
1

Γ⋅Γ=u                                                                                                              (14.5) 

 
The electromagnetic field momentum density is: 
 

HE
c

p ×= 2

1                                                                                                           (14.6) 

 
Thus, we have: 
 

*

2
1

Γ×Γ=
ci

p                                                                                     (14.7)
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Then we can rewrite the electromagnetic field equation as follows: 
 

ρ=Γ⋅∇                                                                                                                  (14.8) 
 

*
*

Γ⋅Γ
Γ×Γ

=
i
cV                                                                                                     (14.9) 

 

t
VV

∂
Γ∂

+=Γ××∇ ρ)(                                                                                          (14.10) 

 
The equation (14.10) can be called the hydro-electromagnetic equation. 
 
As we know: 
 

)()()()()( VVVVV ⋅∇Γ−Γ⋅∇+Γ∇⋅−∇⋅Γ=Γ××∇                                         (14.11) 
 
Thus: 
  

)()()()( VVVVV ⋅∇Γ−+Γ∇⋅−∇⋅Γ=Γ××∇ ρ                                                 (14.12) 
 
Thus the hydro-electromagnetic equation can be rewritten in the complex form as: 
 

)()()( VVV
t

⋅∇Γ−Γ∇⋅−∇⋅Γ=
∂
Γ∂                                                                      (14.13) 

 
And thus, we can rewrite the equation (14.13) as follows: 
 

VVV
t

)()()( ∇⋅Γ=⋅∇Γ+Γ∇⋅+
∂
Γ∂                                                                    (14.14) 

 
Then the hydroelectric equation can be rewritten as: 
 

VEVEEV
t
E )()()( ∇⋅=⋅∇+∇⋅+
∂
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Then the hydromagnetic equation can be rewritten as: 
 

VHVHHV
t
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For the electron, we have 
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And 
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θ
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As we know: 
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Thus: 
 

θ
πε

µ
α
πθρ cos)exp(1
2

),( 22
0

0

ee
m a

r
ra

er −−=                                                       (14.20) 

 
Let us define: 
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Thus: 
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So: 
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Let us define: 
 

EiH 00 2
ε

α
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As we know: 
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Thus: 
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)sinˆcosˆ)(exp(1
2 0

20 θθθ
επα

πµ +−= r
a
r

ra
eH

ee

         (14.29) 
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Chapter 

15 The conservation of energy 
 
 
The conservation of energy is one of the most basic physics laws, for the 
electromagnetic field, the energy conservation equation is as follows: 
 

0)( =⋅∇+
∂
∂ V

t
ρρ                                                                                                    (15.1) 

 
In which ρ  is the mass density, V  is the field velocity. 
The mass density and energy density have the following relationship: 
 

2cu ρ=  
 
In which u is the electromagnetic field energy density. 
 
From equation (14.15) and (14.16), we have: 
 

VEVEEV
t
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∂
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And 
 

VHVHHV
t
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Thus: 
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And 
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Thus: 
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And 
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Combine (15.6) and (15.7), thus: 
 

])[(])[()(2)( 00 VHHVEEVuuV
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Let us assume that the electromagnetic energy is conserved, therefore, we have: 
 

0)( =⋅∇+
∂
∂ Vu

t
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Thus: 
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∂
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t
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Thus, we have: 
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As we know: 
 

2
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2

02
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Let us define: 
 

enEE ˆ=                                                                                                                 (15.14) 
 

mnHH ˆ=                                                                                                               (15.15) 
 
From the electromagnetic field energy conservation equation, then we can get the 
following equation: 
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Then we can rewrite the electromagnetic field as follows: 
 

0ε
ρeE =⋅∇                                                                                                             (15.17) 

 

0µ
ρmH =⋅∇                                                                                                             (15.18) 
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Chapter 

16 
The electromagnetic model  

of the proton 
 
 

As we know the atom consisted of electrons and nucleus, and the nucleus 
consists of protons and neutrons. 
 

Both protons and neutrons have the half spin just like electrons do. But the 
proton has one positive electric charge unit ‘e’ and the neutron as a whole has zero 
electric charge. 
 

Comparing protons and electrons, the proton’s mass is much larger than the 
electron’s mass, but they have the same amount of electric charge (with different 
signs), protons have positive electric charges, and the electrons have negative electric 
charges, both the electrons and protons have the same value of half spin. 
 

Let us make an assumption that the proton has a similar internal structure as 
electrons, the difference is that the proton has one positive electric charge, and the 
mass of the proton is much larger than that of the electron. 
 
The electric charge density distribution inside the proton is as follows: 
 

θ
π

θρ sin)exp(1),( 22
pp

e a
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er −=                                (16.1) 

 
The magnetic charge density distribution inside the proton is as follows: 
 

θ
π

θρ cos)exp(1),( 2
pp
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r
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Based on the above charge distribution equation, we can get the proton’s 
electromagnetic field distribution equation as follows:  
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Based on the electromagnetic field distribution equation, similar to the electron, we 
can get the proton’s electromagnetic field energy:  
 

)41( 2
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α
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cU                                 (16.5) 

 
Then, we make the assumption similar to the electron that the proton mass also has 
electromagnetic origin, then we have: 
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Compare this with the electron energy formula: 
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So we can get following relationship: 
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As we know that: 
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Thus: 
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In within  is the Bohr radius. 0a
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Chapter 

17 
The electromagnetic model  

of the hydrogen atom 
 
 
 Despite the hydrogen atom’s overall neutrality, hydrogen does have an 
internal distribution of electric charge. 
 

As we know that the simplest hydrogen atom consists of one proton and one 
electron, the hydrogen atom as total has zero electric charge. Combine both electron 
charge distribution and proton charge distribution together, then we can get the 
hydrogen atom’s electric charge distribution as follows: 
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Hydrogen atom magnetic charge density distribution equation: 
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Hydrogen atom electric charge distribution equation: 
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Hydrogen atom magnetic charge distribution equation: 
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Hydrogen atom electric field equation: 
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Hydrogen atom magnetic field equation: 
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Base on these equation, we can get hydrogen magnetic field energy: 
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In which 
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Thus: 
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The hydrogen electric field energy is: 
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Thus, the hydrogen atom’s electromagnetic energy is: 
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Thus: 
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As we know 
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Thus: 
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Thus: 
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As we know: 
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Thus, the momentum density for hydrogen is: 
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The energy density for hydrogen is: 
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Thus, the velocity of a hydrogen atom is: 
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Thus: 
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We find out that inside the hydrogen atom, the velocity is the same as for the electron, 
which has a constant speed value. 
 
As we know the field angular momentum density is: 
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Thus, the hydrogen atom field angular momentum is as follows: 
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Then, integrating equation (17.28), we can get the field angular momentum: 
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For the cylindrical coordinates ( ρ , φ , z), which has the following relationship with 
the spherical coordinate (r, φ , θ ):  
 

θρ sinr=   
 

θcosrz =  
 
We can separate the angular momentum density into z component and ρ  component,  
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The z component of angular momentum density is: 
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The ρ component of angular momentum density is: 
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As we know, the volume element is: dr  drdr θθπ sin2 23 =
For the ρ  component of angular momentum density, because  
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Thus, we can get the ρ  component of angular momentum:  
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For the z component of electron angular momentum, we have: 
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When πθ = , thus the z component of angular momentum is: 
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When ∞→r  thus: 
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In which 
 

ped aaa
111

+=                                                  (17.42) 

 
Thus: 
 

}41{
2

2

pe

d
z aa

aegL −=
π

                                               (17.43) 

 
As we know eg= h 
 
Thus: 
 

}41{
2

pe

d
z aa

aL −=                                          (17.44) 

 
Thus: 
 

)41(
2

pe

d

aa
aL −=                                                            (17.45) 

 
Thus: 
 

)
)(

41( 2
pe

pe

aa
aa

L
+

−=                                                   (17.46) 

 
Thus: 
 

)
)1(

141(
2 e

p

e

p a
a

a
a

L
+

−=                                                     (17.47) 
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Thus: 
 
≈L                                                                   (17.49) 

 
Based on the equations (17.3) and (17.4), we can get the ratio of magnetic charge and 
electric charge inside the hydrogen atom:  
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For the whole north pole area which θ  is within )
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For the whole south pole area which θ  is within )
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Chapter 

18 
The electromagnetic model  

of the neutron 
 
 

The neutron as a whole has zero electric charge and zero magnetic charge, but 
the neutron still has an intrinsic electric field and magnetic field.  

 
The neutron in total has zero electric charge and magnetic charge, but similar 

to the electron and proton, the neutron still has half spin. 
 

Let us compare the neutron and hydrogen atoms, both as a total have zero 
electric charge and zero magnetic charge, and both have intrinsic electric field and 
magnetic field. The major difference is the neutron alone has half spin. 
 

Let us assume that a neutron has a similar internal structure to a hydrogen 
atom. Then we can make an assumption that the neutron’s electric and magnetic 
charge distribution equation is as follows: 
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The neutron’s magnetic charge density distribution equation is as follows: 
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The neutron as whole has no electric charge, but has half spin. Here is the 

model for the neutron, which has a similar electromagnetic structure as a hydrogen 
atom. The difference is that the hydrogen atom has spin 1, but the neutron has half 
spin. 
 
Similar to the hydrogen atom spin formula, we can get the neutron’s angular 
momentum as follows: 
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As we know neutrons have half spin, so: 
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Let us make an assumption that  
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We can get the neutron’s magnetic field energy as follows: 
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In which 
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Therefore, we can get the neutron’s electric field energy as follows: 
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As we know, the electromagnetic field energy is: 
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nm  is the neutron mass, thus: 
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As we know, 
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Compare this with the electron formula: 
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Thus, we get the relationship between the electron mass, neutron mass and their 
radius relationship: 
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Chapter 

19 
The electromagnetic model  

of helium atom 
 
 
The simplest helium atom consists of two protons and two electrons. 
The helium atom’s electric charge and magnetic charge density distribution is: 
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Helium’s magnetic charge density distribution is: 
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The helium atom’s electric charge distribution equation is:  
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Helium’s magnetic charge distribution equation is: 
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Helium’s electric field equation is: 
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The helium atom’s magnetic field equation is: 
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As we know from (6.3), thus: 
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For the cylindrical coordinates ( ρ , φ , z), which has the following relationship with 
the spherical coordinate (r, φ , θ ):  
 

θρ sinr=   
 

θcosrz =  
 
We can separate the angular momentum density into ‘z’ component and ‘ ρ ’ 
component,  
The ‘z’ component of angular momentum density is: 
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The ‘ ρ ’ component of angular momentum density is: 
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As we know, the volume element is: dr  drdr θθπ sin2 23 =
For the ‘ ρ ’ component of angular momentum density, because: 
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Thus, we can get the ‘ ρ ’ component of angular momentum:  
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For the ‘z’ component of electron angular momentum, we have: 
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Thus: 
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When πθ = , thus the z component of angular momentum is: 
 

∫ −−−−−−−=
r

PPeePPee
z dr

a
r

aa
r

aa
r

aa
r

a
regrL

0

2

1122

2

2211

})]exp(1)exp(1[)]exp(1)exp(1{[),(
π

π       (19.17) 

 
When ∞→r , thus: 
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As we know, eg=h 
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As we know: 
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Thus: 
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The helium atom’s spin (angular momentum) is almost zero. 
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Chapter 

20 
The electromagnetic  

characteristic impedance 
 

As we know, the Quantum Hall effect can be used to define the 
impedance unit. There are two kinds of Quantum Hall effect: Integer Quantum 
Hall effect and Fractional Quantum Hall effect. The integer Quantum Hall 
effect can be regarded as a special case of Fractional Quantum Hall effect. 

For the Fractional Quantum Hall effect, in which the two-dimensional electron 
gas within extremely low temperature and high magnetic field perpendicular to 
current, the Hall Resistance has the following equation: 

)( 2e
h

n
mZ =                                                                                                           (20.1)                                 

In which m and n are the integers. 

As we know, the electron has electric charge and magnetic charge, the 
magnetic charge distributes along with the electron spin directional, and the electron 
spin will align with the external magnetic field. The one side of the two dimensional 
electron gases will have positive magnetic charge distribution; the other side of the 
two dimensional electron gases has negative magnetic charge distribution.  
 
Let us make an assumption that the characteristic impedance is the ratio of magnetic 
charge and electric charge, then:  

e

m

Q
QZ =                                                                                                                    (20.2) 

As we know, the electron is the smallest unit of electron gas, the ‘e’ is the electric 
charge unit of the electron, and ‘g’ is the magnetic charge unit of an electron.  Thus, 
we have: 
 

mgQm =                                                                                                                   (20.3)                            
 
And  
 

neQe =                                                                                                                     (20.4)                            
 
Both ‘m’ and ‘n’ are integers. 
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Then we have 
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As we know: 
 

hge =                                                                                                                       (20.6) 
 
Thus, we have: 
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n
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And so we get the result of the Fractional Quantum Hall effect. 

When the ratio (
m
n ) becomes the integer, the Quantum Hall effect is the Integer 

Quantum Hall effect. The Integer Quantum Hall effect is the special case of the 
fractional quantum hall effect. 
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Chapter 

21 The electromagnetic wave 
 
 

There are two kinds wave within the electromagnetic field, one is the field 
wave, and the other is the charge density wave. 
According to the Gauss Law for both electric field and magnetic field, the electric 
charge is the source of electric field, and the magnetic charge is the source of the 
magnetic field. 

When an electric current flows through a wire, it creates the electromagnetic 
field both inside and outside the wire. 

 
Outside the electric wire is a vacuum, both the electric charge density and 

magnetic density in the vacuum is zero. 
 

When the electric wire has ac current, there exists electromagnetic field wave 
propagate along the wire.  
 

Inside the electric wire, the electric charge density wave and magnetic charge 
density charge wave is the source of the electromagnetic field wave. 
 

Outside the wire is a vacuum, which has vacuum impedance. The 
electromagnetic field wave in the vacuum has light speed. 
 

The electric wire has characteristic electromagnetic impedance. Both the 
charge density wave and field wave have the same wave velocity. The wave velocity 
depends on the characteristic impedance of the transmission line. The higher the 
impedance, the lower the velocity speed. The impedance of the transmission line and 
velocity of the charge density wave have the reversion relationship: 
 

z
z

c
v 0=  

 
In which ‘v’ is the velocity of charge density sound wave, ‘c’ is the speed of light in 
vacuum, ‘ ’ is the impedance of the vacuum, and ‘z’ is the impedance of the 
transmission line. 

0z

 
The velocity factor is the ratio of the speed of waves in transmission line to the 

speed of light in the vacuum. 
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The electromagnetic wave in a transmission line may reflect at the end. If the 
load is smaller than the line impedance, a reflection will occur with a 180-degree 
phase shift. 

 
The forwarding wave and reflection of the incoming wave travels back and 

forth along the wire, which can form a standing wave. 
 

The charge density wave, which involves alternating compression and 
expansions, similar to a sound wave in the air, is a kind of longitudinal wave. 
 

The charge density wave is a kind of sound wave. The oscillation is in and 
opposite to the direction of the wave propagation. 

 
The electromagnetic field wave is a kind of transverse wave. The oscillation of 

its electric field and magnetic field is perpendicular to the direction of propagation of 
the wave. 
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Chapter 

22 The electron impedance 
 

The electric charge density wave and magnetic charge density wave are kinds 
of sound waves. The wave speed has an inverse relationship with the characteristic of 
electromagnetic impedance. 

The characteristic electromagnetic impedance of a vacuum is a constant: 
  

0

0
0 ε

µ
=Z                                                                                                                    (22.1) 

 
What is the characteristic impedance of electron? From the equation (20.7), in 

Quantum Hall effect, the characteristic impedance of two dimensional electron gases 
is the ratio of the magnetic charge and electric charge. 

 
Let us make an assumption that the electron characteristic impedance is the 

ratio of the magnetic charge and electric charge along with the spin direction. Let us 
now calculate the ratio of magnetic charge and electric charge inside the electron as 
follows: 

 
Based on the equation (2.7), we have the electron’s electric charge in the sphere of 
radius ‘r’: 
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The electric charge has the same distribution in both the north pole and south pole. 
In the north pole area of sphere of radius ‘r,’ the electric charge is: 
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In the south pole area of the electron sphere of radius ‘r’, the electric charge is: 
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Based on the equation (3.7), the magnetic charge distribution in a sphere of radius ‘r’ 
is zero: 
 

0)0,( =→πrQm                                                  (22.5)
                                                               
 
In the north pole area of sphere of radius ‘r,’ the magnetic charge is: 
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The south pole area of sphere of radius ‘r,’ the magnetic charge is: 
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Thus, within the north pole area of a sphere of any radius r, the ratio of magnetic 
charge and electric charge is: 
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The ratio is the constant, it doesn’t depend on the sphere radius ‘r’. 
 
In the south pole area of sphere of radius r, the ratio of magnetic charge and electric 
charge is: 
 

e
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                                                             (22.9) 

 
The ratio is the constant; it doesn’t depend on the sphere radius ‘r’. 
 
So we can see that inside the electron, for a sphere of any radius ‘r’, both the north 
pole and south pole have the same ratio of magnetic charge and electric charge, but 
with opposite signs. 
 
Per our assumption that the electromagnetic characteristic impedance inside of an 
electron is the ratio of magnetic charge and electric charge along with the spin, which 
is: 
 

e
gZ 2

=                                                                                    (22.10) 
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As we know, ge=h, thus: 
 

2
2
e
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As we know the fine structure constant is: 
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Thus: 
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Thus: 
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α
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Thus: 
 

α=
Z
Z0                                                                                               (22.15) 

 
The ratio of vacuum impedance and electron impedance is the alpha fine 

structure constant. 
 

As we know, the electromagnetic wave velocity varies inversely with the wave 
impedance, and we also know that the wave velocity in the vacuum is the speed of 
light, and then we have following relationship: 
 

Z
Z

c
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Thus: 
 

α=
c
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Thus: 
 

αcVwave =                                                                                    (22.18) 
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As we know the velocity factor is the ratio of the speed of waves to the speed 
of light in a vacuum, we find out that the velocity factor of an electron is the alpha 
fine structure constant. 

As we know, the ratio of magnetic charge unit and electric charge unit is as follows: 

2e
h

e
g
=                                                                                    (22.19) 

As we can see, the value 2e
h is also the quantum hall resistance unit, which is also the 

ratio of the magnetic charge unit and electric charge unit. 
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Chapter 

23 The hydrogen atom spectrum 
 
 
The hydrogen atom electric charge density distribution equation is: 
 

θ
π
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r

a
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PPee
e −−−=                (23.1) 

 
Hydrogen atom magnetic charge density distribution equation is: 
 

θ
π

ρ cos1)]exp(1)exp(1[2 ra
r

aa
r

aa
g

PPee
m −−−=               (23.2) 

 
The hydrogen atom electromagnetic field equation as follows: 
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As we know, the hydrogen atom spectrum in vacuum has following format: 
 

)11(1
22 nm

RH
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−=
λ
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                   (23.5) 

 
In which  is called the Rydberg constant. 
 

The hydrogen atom spectrum is the electromagnetic field wave energy 
spectrum; the atom spectrum is the result of the electromagnetic field standing wave, 
which includes both the electric field standing wave and magnetic field standing wave. 
 

According the equation (17.51) and (17.52), we find out that the ratio of the 
magnetic charge and electric charge within both the north pole and south pole of a 
hydrogen atom have the same value but opposite sign. 
 

Similar to the electron, let us assume the hydrogen atom’s characteristic 
impedance is the ratio of magnetic charge and electric charge for both north pole and 
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south pole. Thus we can derive the hydrogen atom’s electromagnetic characteristic 
impedance as follows: 
 

α
1

0ZZ =                                          (23.6) 

 
Outside the hydrogen atom is the vacuum.  The vacuum impedance is: 
 

0

0
0 ε

µ
=Z .                                         (23.7) 

 
As we know, the velocity has an inverse relationship with impedance, so the wave 
velocity inside the hydrogen atom has the following relation with the speed of light. 
 

Z
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c
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Then we can get: 
 

α=
c
V                                                    (23.9) 

 
The inside of the hydrogen atom has constant impedance and wave velocity. 

Outside the hydrogen atom, exists a vacuum that has light speed as its wave velocity. 
 

Inside of the hydrogen atom, there are both outgoing and incoming waves 
along the radial direction, which form a standing wave. 
 

Let’s introduce a new function which we can temporally call the zeta-
exponential function [C] as follows: 
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For m =1 thus: 
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In which 
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The value of )]1(2[ +nξ  is always larger than 1, with the increase of the integer n, the 
value becomes more and more close to the number 1. 
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As we know, the spherical wave equation [D] is: 
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We can see both the following functions are the solution of the spherical wave 
equation [D]: 
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And 
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The first solution )(1
1
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Vtrig

r
−  is a kind of outgoing wave. 

 

The second solution )(1
1
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Vtrig

r
+  is a kind of incoming wave. 

 
Let us make an assumption that the hydrogen atom electric field with the stationary 
wave function is as follows: 
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The hydrogen atom magnetic field equation with the stationary wave is as follows: 
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In which: 
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And 
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The B is the positive constant. 
 
Let us define the constant angle β  as follows: 
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As we know the electron’s electric field energy is: 
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Thus: 
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Thus: 
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As we know, the electron magnetic field energy is: 
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Thus: 
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βsinBqU m =                                                                                                               (23.28) 
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Thus: 
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Let us define the function f(r) as: 
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Thus: 
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The free electron electric field total energy is: 
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As we know, the electric field energy density is: 
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The free electron magnetic field energy is: 
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As we know, the magnetic field energy density is:   
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As we know the electromagnetic field energy density is as follows: 
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From here we can see that the hydrogen atom’s electromagnetic energy spectrum 
frequency has the following format: 
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As we already know, the hydrogen atom’s wave velocity is as follows: 
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Thus: 
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For the electromagnetic field wave in a vacuum, the wavelength is as follows: 
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As we know from (9.15), we have: 
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Thus: 
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Compared with the hydrogen atom spectrum formula (23.5), we can get: 
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Chapter 

24 Time-space and energy-momentum 
 
 

In our book, we make an assumption that all the particles, electrons, protons 
and neutrons have electromagnetic origin. 

 
We know all the material was made by the molecules, the molecule was 

consisted of atoms, the atom consists of electrons, protons and neutrons, and so all 
material has electromagnetic origin.  
 

Electric charge and magnetic charge are the most basic properties of 
electromagnetic field. 
 

1. Based on the charge distribution, we can get field distribution. 
2. Based on the field distribution, we can get field velocity. 
3. The charge moves according to the field velocity. 
4. Because of the velocity, the charge distribution keeps changing. 
5. Because the charge distribution changes, the field then changes. 
6. Because the field changes, then the field velocity changes. 

 
Based on the distribution of electric charge and magnetic charge in space, and 

according the Gauss Law for electric field and magnetic field, we can get the electric 
field and magnetic field distribution.  

 
And then, based on the electric field and magnetic field space distributions, we 

can get the electromagnetic field velocity, and then all of the electric and magnetic 
charges will move according to the electromagnetic field velocity. 

 
The electric charge and magnetic charge space distribution will keep changing, 

then the electric field and magnetic field will keep changing, and then electromagnetic 
field velocity will also keep changing.  
 

However the change happened, the electric charge and magnetic charge will 
keep conserved. 

 
All the basic particles include electrons, protons and neutrons, they are no 

longer regarded as point-like particles, but are instead considered to have a spherical 
electromagnetic field with the continuum distribution of electric charge and magnetic 
charge.   
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The key relationship between time-space and energy-momentum is the 
velocity of the electromagnetic field.  

 
As we know, the electromagnetic field velocity has the following relationship 

with energy-momentum: 
 

ρ
pV =                                                                                                                        (24.1) 

 
In which ‘ p ’ is the electromagnetic field momentum density, and ‘ ρ ’ is the 
electromagnetic field mass density. 
 

As we know, the electromagnetic field velocity has the following relationship 
with time-space: 
 

dt
rdV =                                                                                                                       (24.2) 

 
We have the following symmetrical relationship between time-space and energy-
momentum: 
 

Field Velocity V  
Time T Energy E 

Space R  Momentum P  
Absolute time S Rest energy U 

 
The key between these relations is electromagnetic field velocity. 
 
As we know, the rest energy density ‘u ’ is defined as: 0

 
 u                                                                                                         (24.3) 2222
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In which the electromagnetic field energy density ‘u’ is: 
 

2cu ρ=        
                                                                                                                        (24.4) 
In which ‘ ρ ’ is the electromagnetic field mass density 
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In which ‘ 0ρ ’ is the electromagnetic field rest mass density, thus: 
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Thus: 
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The symmetrical part of the rest energy is the absolute time ‘s,’ which is defined as: 
 

22222 drdtcdsc −=                                                                                              (24.8) 
 
Thus the time ‘t’ and the absolute time ‘s’ have following relationship: 
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The energy always has positive value, and the time is always one-directional. 

Time flows from the past into the future along with the direction of field velocity, the 
arrow of time is the direction of the field velocity. 
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Appendix A 
 
The gamma distribution function: 
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In which k is the shape parameter, a is the scale parameter, Γ  is the gamma function 
which has the formula: 
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Appendix B 
 
The cumulative gamma distribution: 
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For example, when h=1, thus: 
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Appendix C 
 
Zeta-exponential function 
 
As we know the exponential function is: 
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The Riemann Zeta function is: 
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Combine the exponential function and zeta function, and then we can have a new 
function, which we temporally called the zeta-exponential function as follows: 
 

∑
∞

=

+=
0

)](2[
!

)(
n

n

m mn
n
xxg ξ  

 
Then we will get:  
 

∑ ∑
∞

=

∞

=
+=

0 1
22

1
!

)(
n k

mn

n

m kn
xxg  

 
Thus: 
 

∑∑
∞

=

∞

=

=
0

2
1

2 ]1
!

[1)(
n

n

n

k
mm kn

x
k

xg  

 
Thus: 
 

∑∑
∞

=

∞

=

=
0

2
1

2 ])(
!

1[1)(
n

n

k
mm k

x
nk

xg  

 
Thus: 
 

)exp(1)( 2
1

2 k
x

k
xg

k
mm ∑

∞

=

=  

 
Thus, we have: 
 

)exp(1)( 2
1

2 k
xi

k
ixg

k
mm ∑

∞

=

=  

 
The above equation is the Fourier serial of the complex zeta-exponential function. 
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As we know for the exponential function, we have: 
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Similar to the exponential function, the complex zeta-exponential function has the 
following relationship: 
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Appendix D 
 
Spherical wave equation: 
 
In the spherical polar coordinate axes ( , ,r θ ϕ ), the gradient  is: 
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The spherical wave equation is: 
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Where ‘v’ is the speed of the wave which propagate through radial direction, for the 
special case in which it has angular symmetry (not dependent on the φθ , ), then we 
will have the following wave equation: 
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Thus, we have the following general solution: 
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In which 
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Where k is the wave number. 
 

a
vw =

 
 
Where w is the angular frequency. 
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Appendix E 
 
The gradient  in spherical coordinate is: 
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In which the spherical polar coordinate axes is ( , r θ , φ ). 
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What is the electron spin? 

The electron has both intrinsic electric field and intrinsic magnetic field.  

The electron’s intrinsic electromagnetic field has both energy and angular 

momentum. 

The electron spin is the electron’s electromagnetic field angular 

momentum. 

The electron’s self-energy is the electron’s electromagnetic field energy. 

The electron has electromagnetic origin. 

The electron is the smallest magnet, oriented in the same direction that 

the electron is spinning. The electron’s south pole has one unit positive 

magnetic charge ‘g’,  the north pole has one unit negative magnetic 

charge ‘–g’. 

The multiple of electric charge unit ‘e’ and magnetic charge unit ‘g’ 

equals Planck’s constant ‘h’. 

Both the electron’s electric charge and magnetic charge have the 

continuum spherical distribution inside the electron. 

The electron as whole has one unit negative electric charge ‘e’. 

The electron as whole has zero magnetic charge. 

All the particles that make up physical materials include electrons, 

protons and neutrons have electromagnetic origin. Thus all materials have 

electromagnetic origin. 
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