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INTRODUCTION

The earth revolves around the sun in a stable elliptical orbit. 
The earth’s orbit will be disturbed by other celestial bodies, 
and if the disturbance is large enough, it will lead to disastrous 
consequences for the earth. Certainly, human beings care about 
related issues, such as: How does the disturbance affect the 
earth’s orbit? What is the geometrical feature of disturbed orbits? 
How much energy does it take to cause a devastating disaster? 
The perturbation theory of classical mechanics cannot provide 
satisfactory solutions to the problems.

A novel idea to solve the above problems comes from a theory 
of real particles [1-9]. The real particle theory treats the earth/
solar system as a two-body cluster with a similar structure to 
hydrogen atoms. Clusters (real particles) are cross-level entities 
that possess three modes of motion: Translation, rotation, and 
vibration. The planar motion of the earth can be expressed as 
a combined mode of rotation and vibration, and described by 
an orbital state function. After establishing a state equation and 
solving the planar case, probabilistic predictions can be made on 
the conditions that cause the orbit distortion and earth disaster.

LITERATURE REVIEW

Motion of the earth/solar system

Motion of clusters: In classical mechanics, particles are mass 
points with only mass but no volume. In real particle theory, 
clusters are sets of spatially correlated particles characterized by 
their mass, volume, and shape. Clusters are independent of their 
spatial size, e.g., galaxies, stellar systems, molecules, and atoms are 
all clusters. Clusters are independent of the number of internal 
particles, e.g., the solar system is a multi-body cluster and the 
earth/solar system is a two-body cluster.

The curvilinear motion of a mass point includes three modes: 
Real translation, pseudo rotation, and pseudo vibration. The 
motion of a cluster includes three modes: Real translation, real 
rotation, and real vibration. The real translation of a mass point 
is the spatial displacement of the point, the pseudo rotation is 
the rotation of the point around the center of curvature, and 
the pseudo vibration is the change in curvature radius during 
the rotation process. The real translation of a cluster is the 
displacement of its barycenter, the real rotation is the sum of 
pseudo rotations of the particles inside the cluster, and the real 
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vibration is the superposition of pseudo vibrations of the particles 
inside the cluster. The prototype of a cluster is an elastic object 
in the real world. The real rotation of an elastic object is called a 
self-rotation (spin), and the real vibration is called a self-vibration.

Elliptical orbit: The earth’s orbit around the sun is an ellipse. 
The ellipse equation can be expressed in polar coordinates (ρ, 
θ) as [8]

( ) cos[ ( )]a dρ θ φ θ= − ⋅  ……… (1)

Where a  is the ellipse semi-major axis, d = ae  is the focal 
length, e  is the eccentricity, and φ  is the eccentrical angle. The 
relationship between φ  and θ  is

tan tan
2 2

a d
a d

φ θ−
=

+  ……… (2)

The instantaneous angular speeds of φ  and θ  are not equal
( )φ θω ω≠ . If the rotation period T  is taken as the time unit, then 
their average angular speeds are equal ( 2 )Tφ θω ω ω π= = = . In the 
ellipse equation (1), the first term represents an ideal rotor with 
a radius a , and the second term represents a vibrator with an 
amplitude d .

For the earth/sun system, the earth and the sun rotate around 
their common barycenter in their own elliptical orbits. If the 
earth has rotation energy 1K  and vibration energy 1 , and the 

sun has rotation energy 0K  and vibration energy 0H , then, the 
two-body cluster has a self-rotation energy 1 0K K K= +  and a self-
vibration energy 1 0H H H= + .

( )2 21 1 ,    
2 2

K a p p aµ ω µω
µ

= = =
   ……… (3a)

( )2 2 21 1 ,    
2 2

H d sd sµ ω µω= = =      ……… (3b)

Where ( )0 1 0 1M M M Mµ = +  is the reduced mass of the earth/sun 
system, p  is the self-rotation momentum, and s  is the stiffness. 
In this case, the system has a potential energy V H K= − , hence, the 
self-vibration energy H K V= + is the Hamiltonian of the system.

Distorted orbits: The earth’s orbit will be distorted by the 
approach of other celestial bodies including the moon, planets, 
and invasive bodies. Nearby bodies mainly affect the vibration 
mode of the earth. By introducing the distortion factor m  and 
setting m m tφ θ ω= = , the relationship between the polar radius ρ  
and the time t  can be expressed by a distorted orbit equation as

( )( ) cos ;    , 0t a d m t a d mρ ω= − ⋅ > ≠   ……… (4)

This equation excludes the circular orbit with 0m = , but includes 
the elliptical orbit with 1m = . Let 5a d = , Figure 1 shows six 
examples of orbits with m  being an integer, in which the elliptical 
orbit with 1m =  is called the ground state and the distorted orbits 
with 1m >  is called excited states.

Figure 1: Possible earth’s orbits (a/d=5). The dashed line represents the trace of the ideal rotor, and the solid line represents the composite trace 
of the rotor and vibrator.
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The scale sh  in the state equation is a system constant, rather 
than a universal constant. The atomic systems adopt the Planck 
constant 346.62606896 10 J.ssh h −= = × . For ease of calculation, the 
solar system can use the earth’s angular momentum as the unit 

40( 2.66104 10 J.s)sh = × .

Quantized orbits: Both hydrogen atom and the earth/solar 
system are clusters with one particle outside the core, and their 
energy eigenequation is

2
2

0

2
20

0 1,    
2

s e E e gM Mψ ψ ψ
µ ρ

− ∇ − = =


 ……… (11)

According to the general theory of quantum mechanics, the 
eigenfunctions of binary clusters are [10]

1 2( ) ,     1, 2,...jm
nm n nC v e mθψ ρ ρ−= = ± ± ……… (12)

Where n  is the principal quantum number and m  is the 
distortion factor. The energy eigenvalues are

( )
2
0

2
0

,     1, 2,...
2 1 2

nm
eE n

a n m
−

= =
+ +  ……… (13)

Where 2 2
0 0sa eµ=  . Because n  and m  can only be integers, the 

energy of earth’s orbit is quantized with discontinuous levels. If 
the orbit jumps between the ground state and an excited state, it 
will result in serious earth disasters.

DISCUSSION

Essence of matter waves

In 1924, de Broglie proposed the matter wave hypothesis to 
explain the quantization condition of Bohr’s atomic orbits. 
Shortly thereafter, Schrödinger proposed the famous quantum 
wave equation based on the concept of matter waves. For one 
hundred years, quantum mechanics has made tremendous 
achievements, but the explanation of matter waves has been 
trapped in the binary paradox of wave-particle duality. This study 
tells people that the essence of matter waves is the mass vibration 
of clusters. Because the polar angle θ  is not equal to the eccentrical 
angle φ , the cluster’s vibration makes it impossible theoretically 
to determine the instantaneous speed of object when the orbital 
period T  is taken as the time unit. Therefore, using state function 
for probabilistic description is a supplement and transcendence 
to classical orbital mechanics. The real-particle field theory proves 
that the medium for transmitting mass vibrations is an electronic 
gas ubiquitously in the universe with an average density as high 
as 1024 per cubic meter [3].

Similarity of physical laws: Real particle theory strictly 
distinguishes physical quantities from mathematical quantities. 
Physical quantity is measurable, so it can be expressed in the 
form of real quantity  ( )sq q q= ⋅ . The scale ( )sq  is a measurement 
unit defined as a finite variable  ( )0 sq< < ∞ . The variability of 
scales brings great convenience to physical operation. If there is 
a functional relation ( , )z f x y= for any physical quantities{ }, , zx y , 
then, there must be the following equivalence formula

( , ) ( , )s s sz f x y z z z f x y z f= = ⋅ ⇔ = ∧ =    ……… (14)

The above formula reflects the similarity of physical laws, in which 
( , )z f x y=    is called a relation invariance and s sz f=  is called 

a scale covariance. The scale-free equation (5) is an application 
of the similarity principle, which shows that the orbital motion 

Mathematically, m  may be any rational number, however, we 
want to know which values of m  are allowed in physics. As 
the angle relationship (2) is valid only for the ground state, the 
instantaneous speed of the earth at excited states cannot be 
determined theoretically. Then, how to find more information 
from the distorted orbit equation?

Quantization of the Earth’s orbit

Orbital state function: The shapes of distorted orbits remind 
people of the hypothesis of electronic standing waves in atoms 
[10]. According to their similarity, the real particle theory reveals 
a relationship between the classical orbit equation and the 
quantum state function.

In real particle theory, any physical quantity q  is expressed 
in a real quantity form sq q q= ⋅ , where q  is called a digit (i.e., 
value) and sq  is called a scale (i.e., unit). Taking the space 
scale sr , the time scale st , and the angular momentum scale 

sh , there are derived scales { }1 ,   ,   s s s s s s s st p h r E hω ω= = = .  
The related physical quantities can be expressed by 

{ },  ,  ,  ,  ,  ,  s s s s s s st t t r a a r d d r p p p E E Eω ω ω ρ ρ= ⋅ = ⋅ = ⋅ = ⋅ = ⋅ = ⋅ = ⋅     
.  

Therefore, the distorted orbit equation can be rewritten in a 
scale-free form

( )cosd m t aρ ω+ ⋅ =     ……… (5)

Mapping the left side of the scale-free equation to the complex 
plane and expressing it with a complex function Ψ , we have 

( ) ( ) ( ) ( )2 2, j p Et jEt
p pt A e eπ ρ πΨ ρ ρ ψ ρ− −= =

   

 
    ……… (6a)

( ) ( ) 2 jp
p pA e π ρψ ρ ρ= 
 
                            ……… (6b)

Where Ψ  is called an orbital state function, ψ is called a 
stationary state function, and A  is called a probability amplitude. 
The mapping relation from the distorted orbit equation (5) to the 
orbital state function (6) is

{ }: ;  ;  ;  ;  , ;  pf t t p t m d E a Aρ ρ ω ω θ→ → → → → → 
         ……… (7)

This non-one-to-one mapping cannot be expressed as a functional 
relation.

Because ( ) ( ) ( ) ( ) 22
, , , pt t tΨ ρ Ψ ρ Ψ ρ ψ ρ∗= =  does not depend on time, 

so it expresses an effect of temporal average. If ( ) 2

pψ ρ  is integrable 
in the whole space, then there is a distribution function
( ) ( ) ( )( ) 12 2

0p pP d dρ ψ ρ ρ ψ ρ ρ
−∞

= ∫  ……… (8)

( )P ρ  represents a probability that the earth appears between 
dρ ρ ρ→ + . This is the statistical significance of the orbital state 

function.

Orbital state equation: The orbital state function represented by 
real quantities is

( ) ( ) ( ) ( ), ,    s sjEt jp
p p pt e A e ρΨ ρ ψ ρ ψ ρ ρ−= = 

    ……… (9)

Where 2ss h π= . The orbital state function and the quantum 
state function have the same form. According to the operator 
method of quantum mechanics, the differential equation satisfied 
by the stationary function can be obtained as [9,10].

( )
2

2ˆ ,    
2

sH E V Eψ ψ ψ ρ ψ ψ
µ

= − ∇ + =


 ……… (10)
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satisfies a unified physical law, regardless of the spatial size and 
temporal cycle.

The state function is not a physical quantity and cannot be 
expressed by a real quantity. However, its normalized modular 
square can be interpreted as probability, which is a time-average 
effect within the orbital period.

Nature of quantum: The finiteness of scales indicate that any 
physical quantity contains a non-zero factor as the smallest unit. 
The scales vary with clusters in different levels, and satisfy the 
covariance condition. The covariance limits the number of 
independent scales to three, from which all other scales can 
be derived. As the unit of measurement, the concept of scale 
encompasses the semantics of quantum. The real particle theory 
shows that the actual entity represented by scale or quantum 
is the cluster, rather than individual particles. The particle-like 
behavior of quantum comes from cluster’s translation mode, the 
wave-like behavior comes from the vibration mode, and the spin 
property comes from the rotation mode. Quantum mechanics is 
essentially a statistical theory of cluster kinematics.

CONCLUSION

The planar orbital motion of the earth/solar cluster includes 
rotational and vibrational modes, and the changes in vibration 
mode result in orbital distortion. The distorted orbit equation 
can be mapped onto the complex plane to form an orbital 
state function which satisfies the quantum wave equation. The 
quantization of distorted orbits shows that the extra-terrestrial 
disturbances may cause the earth’s orbital jump and biological 
extinction. The relationship between orbital state function and 
quantum state function provides a realistic interpretation of 
quantum mechanics and paves the way for the unification of 
physics theories.
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