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Abstract 
The discovery of Earth’s radiation zone divided into two belts is the first ma-
jor discovery in Human space exploration. The inner belt dominated by 
energetic protons and the outer belt dominated by energetic electrons imply 
the inner belt with net positive charge and the outer belt with net negative 
charge. Earth’s surface carries net negative charge. These exploration data 
suggest the inner and outer parts of a star may be composed of several dis-
crete charged layers. We propose the mechanism of the star’s multiple Debye 
spherical layers to adapt to the objective existence. The charged particles in 
the near-earth space follow the statistical distribution of multiple Debye 
spherical layers of Earth. The inner belt and outer belt is the main body of 
layer 8 and layer 9 respectively. The empty slot between the inner and outer 
belt comes from the action of the electric field between them. An impenetra-
ble barrier to ultra-relativistic electrons originates from the action of the elec-
tric field of layer 7.  
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1. Introduction 

The discovery of Earth’s radiation zone divided into two belts is the first major 
discovery in Human space exploration. However, up to now, there is no perfect 
explanation for the cause of Earth’s radiation zone being divided into two belts. 
In addition, the obvious empty slot between the inner and outer belt, an impe-
netrable barrier to ultra-relativistic electrons from the outer radiation belt to the 
inner radiation belt. 

We have proposed a new mechanism of matter distribution. It can be used to 
explain the causes of these phenomena well. 

Due to the release of gravitational potential energy and fusion energy, the 
center of a star is usually at a high temperature at which matter is ionized. Due 
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to the electron diffusivity much higher than that of ions, Debye Sheath, i.e., elec-
tric double layer, the center-net positive charge region and the periphery-net 
negative charge region is formed. The electric field of the negative layer contin-
ues to act outward, resulting in the formation of the multiple Debye spherical 
layers of the star. 

Inner parts and outer parts of Earth follow the statistical distribution of mul-
tiple Debye spherical layers of Earth. The inner belt and outer belt is the main 
body of layer 8 and layer 9 respectively. The empty slot between the inner belt 
and outer belt comes from the action of the electric field between them. An im-
penetrable barrier to ultra-relativistic electrons from the outer radiation belt to 
the inner radiation belt in the Van Allen radiation belts originates from the ac-
tion of the electric field of layer 7. 

2. The Exploration Data and Analysis 

From 4 October 1957, Human beings have opened the era of space exploration, 
especially discovered Earth’s radiation zone and Earth’s radiation zone is divided 
into two belts, the inner belt dominated by energetic protons and the outer belt 
dominated by energetic electrons, the obvious empty slot between the inner belt 
and outer belt, an impenetrable barrier to ultra-relativistic electrons from the 
outer radiation belt to the inner radiation belt [1]. 

In areas of fair weather, the atmospheric electric field near Earth’s surface 
typically is about 100 volts (V) m−1 and is directed vertically downward to Earth 
[2]. 

The inner belt dominated by energetic protons and the outer belt dominated 
by energetic electrons, suggest the inner belt with net positive charge and the 
outer belt with net negative charge. 

The atmospheric electric field is directed vertically downward to Earth sug-
gests the atmospheric electric field: 1) only originates from crust with net nega-
tive charges 2) only originates from ionosphere with net positive charges 3) ori-
ginates from electric double layer: crust with net negative charge and the ionos-
phere with net positive charge. 

The above analyses of exploration data strongly suggest that the inner and 
outer parts of the Earth may be composed of several discrete charged layers. In 
this situation, we reveal its possibility and promote space exploration in the fol-
lowing argument and discussion.  

3. Debye Sheath-Electric Double Layer 

Since: 
1) Due to the release of gravitational potential energy and nuclear fusion 

energy inside Earth, Earth’s center is at a high temperature at which matter is 
ionized and emerges a large temperature difference between Earth’s center and 
its periphery [3] [4] [5] [6]. 

2) Set e ≈ iT T  in Earth’s center, the ratio of electron thermal rate ev  to ion 
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Then:  
As a statistical result of the thermal motion of the charged particles in Earth’s 

center and its periphery, Debye sheath, i.e., electric double layer, one net posi-
tively charged region ( 0q )-positive layer in Earth’s core and one net negatively 
charged region ( 0−q )-negative layer in the periphery of Earth’s core emerges 
[7]-[12]. As shown in Figure 1(a). 

The positive layer is a group of particles dominated by the positive particles 
(such as the positive ions), the negative layer is a group of particles dominated 
by the negative particles (such as the electrons and the negative ions). 

4. Multiple Debye Spherical Layers of Earth 

In fact, when Debye sheath, electric double layer emerges in Earth’s center and 
the periphery of Earth’s center, the negative particles in the negative spherical  
 

 
Figure 1. Debye sheath and Multiple Debye spherical layers of Earth. (a) Debye sheath, 
i.e., electric double layer: Earth’s center (+)-layer 0; the periphery of Earth’s center 
(−)-layer 1; (b) The corresponding equivalent charged thin spherical shells of Earth’s 
multiple Debye spherical layers; (c) The corresponding equivalent charged thin spherical 
shells of Earth’s multiple Debye spherical layers (inside Earth); (d) The corresponding 
equivalent charged thin spherical shells of Earth’s multiple Debye spherical layers (out-
side Earth, 10R≤ earthL ). 

https://doi.org/10.4236/jamp.2021.911191


D. L. Chi 
 

 

DOI: 10.4236/jamp.2021.911191 2982 Journal of Applied Mathematics and Physics 
 

layer of Debye sheath attract inward the positive particles in the positive layer of 
the Debye sheath, meanwhile, the negative particles in the negative layer of the 
Debye sheath attract the positive and repel the negative particles in the periphery 
of the negative spherical layer. As a statistical motion result, another one positive 
spherical layer dominated by the positive particles emerges around the negative 
spherical layer. In the same way, another one negative spherical layer dominated 
by the negative particles also emerges around the positive spherical layer. In the 
same way, in turn One by one, net charged spherical layer n + 1 emerges around 
the net charged spherical layer n. The adjacent layers (layer n, layer n + 1) carry 
opposite sign charges, n is a natural number. 

Due to Debye sheath, electric double layer, Earth’s multiple Debye spherical 
layers generate. As shown in Figure 1(b). 

The inner and outer matter of Earth follows the statistical distribution of 
Earth’s multiple Debye spherical layers. 

5. Main Characteristics of Earth’s Multiple Debye Spherical  
Layers 

1) The adjacent layers (layer n, layer n + 1) carry opposite sign charges, an 
electric field forms between adjacent layers. 

2) Due to the electric field between adjacent layers, a spherical capacitor forms 
between adjacent layers to store electrical energy. The gravitational potential 
energy and the fusion energy inside Earth can be transformed into the electric 
energy stored between adjacent layers of Earth’s multiple Debye spherical layers. 

3) The energy release between adjacent layers can drive the material move-
ment in the corresponding space  

4) The charged particles between adjacent layers will be expelled by the elec-
tric field between adjacent layers. The charged particles between adjacent layers, 
the negative particles among them will run to the positive layer and the positive 
particles will run to the negative layer. Finally, a slot will form between adjacent 
layers.  

5) The thickness of each layer of Earth’s multiple Debye spherical layers is po-
sitively related to the magnitude of 0q , inversely related to the space number 
density of charged particles. The space number density of layers in the multiple 
Debye spherical layers is inversely related to 0q  and positively related to the 
space number density of charged particles. 

6) Except layer 0 and layer 1, layer n + 1 forms in the electric field of layer n, n 
is a natural number. The (+) layer is dominated by the positively charged par-
ticle, the (−) layer is dominated by the negatively charged particle. 

7) Layer n + 1 and layer n carry opposite sign net charge, Layer n + 2m and 
Layer n carry same sign net charge, Layer n + 2m + 1 and layer n carry opposite 
sign net charge, m and n is a natural number. 

8) The motion of the dominant particles of layer n + 2 from layer n + 2 to 
Layer n + 1, or the motion of the dominant particles of layer n + 1 from layer n 
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+ 1 to Layer n + 2 is inhibited by the electric field of Layer n, n is a natural 
number. 

6. The Matter Distribution and the Possible Corresponding  
Layer in Earth’s Multiple Debye Spherical Layers 

At first, Earth’s core is in (+) layer, the periphery of Earth’s core is in (−) layer. 
Secondly, crust is in (−) layer, the inner radiation belt is in (+) layer, the outer 
radiation belt is in (−) layer. Thirdly, there may be 2n layers between Earth’s 
core and crust. There may be 2n layers between crust and the inner radiation 
belt. n is a natural number. 

The lower mantle may be in layer 1 (−), the upper mantle may be is in layer 2 
(+), crust may be in layer 3 (−) (Figure 1(c)). Ionosphere D may be in layer 4 
(+), ionosphere E may be in layer 5 (−), ionosphere F1 may be in layer 6 (+), io-
nosphere F2 may be in layer 7 (−). Although the shape of the radiation belts is 
not spherical, the main part of inner radiation belt may be in layer 8 or layer 2n 
(+) layer, the main part of outer radiation belt may be in layer 9 or layer 2n + 1 
(−) layer, as shown in Figure 1(d). 

1) Energy release between adjacent layers of Earth’s multiple Debye spherical 
layers can drive the material movement in the corresponding space. Such as 
mantle convection and crust motion, as well as atmosphere and ocean motion. 

2) The disappearance of ionosphere D and F1 at night does not mean that 
layer 4 and layer 6 also disappears. Since the space number density of charged 
particles decreases greatly near earth’ surface at night, then although the thick-
ness of some layers increases greatly near earth’ surface at night, the penetration 
of electromagnetic waves surges, especially in layers 4, 6. 

3) Whether during geomagnetic quiet period or during geomagnetic distur-
bance period, due to strongly coupled motion of upper atmosphere and ionos-
phere [13], no obvious slot between layers 4, 5, 6, 7, no obvious boundary of io-
nosphere D, E, F1, F2. 

7. Discussion 

1) The charged particles in the near earth space follow the statistical distribu-
tion of the multiple Debye spherical layers of Earth. At same time, the charged 
particles in the near earth space are greatly affected by the geomagnetic field. 
Geomagnetic field can greatly changes the multiple Debye spherical layers of 
Earth in the near earth space. The main part of inner radiation belt is in layer 8 
-layer 2n (+) layer, the main part of outer radiation belt is in layer 9-layer 2n + 1 
(−) layer. The inner belt and outer belt can be changed to be the main body of 
layer 8 and layer 9 respectively during geomagnetic quiet period, even the inner 
belt and outer belt can replace the corresponding layer respectively during geo-
magnetic quiet period, i.e., the inner belt and outer belt right is layer 8 and layer 
9 respectively during geomagnetic quiet period (Figure 2). 

2) In the three states, a) the main part of inner radiation belt is in layer 8-layer 
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2n (+) layer, the main part of outer radiation belt is in layer 9-layer 2n + 1 (−) 
layer, b) the inner belt and outer belt is the main body of layer 8-layer 2n (+) 
layer and t layer 9-layer 2n + 1 (−) layer respectively, c) the inner belt and outer 
belt right is layer 8-layer 2n (+) layer and layer 9-layer 2n + 1 (−) layer respec-
tively, there is an electric field between inner and outer belt. 

3) Due to the electric field between the inner and outer radiation belts, an slot 
of particle distribution between inner and outer radiation belts is formed during 
geomagnetic quiet period, i.e., an obviously empty slot between the inner and 
outer belts during geomagnetic quiet period. 

4) The charged particles are free to move along the lines of magnetic field B 
[14]. The lines of geomagnetic field B pass through the adjacent layers of Earth’s 
multiple Debye spherical layers. Since the adjacent layers carry opposite sign 
charges, then the current can emerge between the adjacent layers along the lines 
of geomagnetic field B. 

5) According to the configuration and flux of the magnetic field lines passing 
through adjacent layers, the current surface density between adjacent layers po-
sitively correlated the geomagnetic latitude. 

6) Since the current between adjacent layers weakens the adjacent layer and 
draws the adjacent layer closer, i.e., the current between adjacent layers leads the 
layer thickness and the slot between adjacent layers to reduce or shrink, then the 
thickness of belt is inversely related to the geomagnetic latitude. The width of the 
empty slot between the inner and outer belt is also inversely related to the geo-
magnetic latitude, as shown in Figure 2. 

7) a) During the period of strong geomagnetic activity, since the large amount 
of charged particles form solar wind injected into the near earth space, the space 
number density of charged particles increases greatly in the near earth space, the 
space number density of layers of the multiple Debye spherical layers of Earth 
also increases in the near earth space. This can lead (a) the disappearance of the 
slot between the inner and outer radiation belts, b) more radiation belts appears  
 

 

Figure 2. Earth’s radiation zone in earth’s multiple Debye spherical layers. 
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in near earth space, i.e., the generation of the new layer. Since the high space 
number density of charged particles in near earth space is just transient state, 
then the existence of new radiation belt is also transient [15]. 

8) The electrons is negatively charged particles, dominating particles of layer 9 
(−) layer, the motion of ultra-relativistic electrons from the outer radiation 
belt-layer 9 (−) layer to the inner radiation belt-layer 8 (+) layer is repelled by 
layer 7 (−) layer, i.e., is inhibited by the electric field of layer 7 (−) layer due to 
the action of Coulomb’s force. This inhibition to ultra-relativistic electrons right 
is an impenetrable barrier from the outer radiation belt to the inner radiation 
belt in the Van Allen radiation belts. 

Earth’s radiation zone is in Earth’s multiple Debye spherical layers. a, b, c may 
be the boundary of layers 8, 9, as shown in Figure 2. 

8. Conclusion 

Earth’s radiation belts are a group of energetic particles, following the statistical 
distribution of Earth’s multiple Debye spherical layers, strongly affected by the 
geomagnetic field. The exploration data on Earth’s radiation belts can be well 
explained with the mechanism of Earth’s multiple Debye spherical layers. 
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