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Abstract: Microscopic objects have a definite spatial distribution that affects quantum 

phenomena. The particle model is not suitable for describing the microscopic world. Therefore, 

we use the rotating field matter sphere model, whose size is automatically variable due to different 

motion states, and is coordinated with the special theory of relativity. Thus, constructing a dual 

4-dimensional space-time description of microscopic quantum phenomena has obvious theoretical 

advantages. In the dual 4-dimensional space-time, the matter wave is a physical wave. The 

quantum probability originates from the tangible structure and mass density distribution of the 

micro-object, and is reflected in the transformation of physical space-time. Matter waves and 

probability waves can be transformed by Fourier transformation. 
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1. Introduction 

Among the many puzzles of quantum mechanics, the physical meaning of wave function and 

the origin of quantum probability are the two major problems that everyone cares about the most.  

So far, there have been heated discussions with different opinions [1]. Regarding the physical 

meaning of wave function, the Realist School takes Einstein as its representative, Debroglie and 

Schrodinger as its main members, and holds that wave function itself has physical meaning, and 

that wave function describes physical reality [2]; the Non-deterministic School takes Bohr as its 

representative, and Bonn, Heisenberg and Dirac as its main members and holds that the function 

itself has no physical meaning. It describes the probability distribution of micro-particles. The 

square of absolute value of wave function describes the probability density of micro-particles 

appearing in space-time [2][3], so wave function is the knowledge of cognitive world 

(cognitivism). 

In the debate, later scholars, namely the so-called mathematical realism, even directly 
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believed that the wave function itself was real. Guo Guang-can, a scholar, holds this view [4]. 

Thus, there are two completely opposite opinions about the source of quantum probability. The 

group represented by Einstein believes that quantum probabilities originated from external 

uncertainties and were later identified as "Hidden Variables" by Bohm [5]. God does not roll dice. 

The other school, represented by Bohr, believes that the microscopic particles themselves have 

"natural" uncertainties, and the quantum probability originates from the nature of particles [6]. In 

addition, there are subsequent quantum probabilities that originate from motion uncertainty and 

quantum probabilities originating from the dry winding of external spurious signals, and so on [7]. 

France's Thom [8], Japan's Sakata Shyoichi [9] and Yukawa Hideki [10] all believe that the 

difficulty of quantum mechanics is the fault of the point model. They think that in the micro field, 

we cannot treat the microcosmic objects as the point particles, and what models are appropriate , 

they don't make it clear. The once superb superstring theory is also a non-point model theory. But 

today, the development of string theory has encountered great difficulties - mathematics is too 

complicated, physical connotation is insufficient - it is difficult to continue to develop [11]. 

At the Basic Symposium on Quantum Mechanics in Shanxi last year, Professor Peter J. 

Lewis of United States Dartmouth College revolved around the measurement leading to collapse, 

pointing out three main viewpoints of realism on Spontaneous collapse, pilot wave theory and 

Many worlds theory. However, the defects of these models also lead to problems that are difficult 

to solve, such as insufficient determinism, non-locality, probability, dimension, and 

self-interaction. In response to the dilemma of realism, cognitivism proposes that the wave 

function is not a description of the world, but a theory of information, knowledge and belief. The 

path of the four theories are respective ψ-Cognitivism, Quantum Information, Quantum Bayes 

(Quantum Bayesianism) and Quantum pragmatism. Professor Lewis also expressed some 

concerns about interference [12]. 

Our solution is to abandon the point model and use the rotating field matter sphere model to 

establish a dual 4-dimensional space-time description of the microscopic quantum phenomenon. 

In the dual 4-dimensional space-time, the wave function describes the physical wave. The 

quantum probability originates from the tangible structure of the microscopic object, the matter 

density distribution and the transformation from the dual 4-dimensional space-time to the classical 

space-time description. Quantum measurement can promote this spatiotemporal transformation, 

and matter waves evolve into probability waves [13]. This will be of great significance for an 

in-depth discussion of quantum measurement, quantum entanglement, and the physical nature of 

quantum communication. 

2. The mathematical basis of dual 4 - dimensional space-time 

2.1. Complex number description of the sphere 

 Coordinates of complex space 

Z=x+iy=reiθ 

(1-1) r =r(x,y) 

r =(x2+y2)1/2 

Describes the complex space spherical coordinates and the center of the sphere at the origin of the 

coordinates. 

 The mapping space of complex number Z 
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W=1/Z*=Aeiθ =u＋iv (1-2) 

W*=1/Z=Ae-iθ= u－iv (1-3) 

A=1/r ,  |A|2= u2＋v2 (1-4) 

|Aeiθ |2=|A|2=1/r2 is the curvature of the sphere. For the convenience of discussing wave functions, 

we abbreviate the curvature of the great circle A=1/r as curvature of field matter sphere [14]. 

2.2. Complex sphere 

Quantum wave function ψ is complex function. Complex numbers can be defined on 

complex sphere [15]. See figure (1). 

  

 

             

(1)sphere of complex numbers——Riemann sphere 

The complex plane in FIG. (1) 

W=1/Z*=Aeiθ =u＋iv (2-1) 

W*=1/Z=Ae-iθ= u－iv (2-2) 

|A|2= u2＋v2 (2-3) 

 In complex numbers W=1/Z*=A eiθ , A＝1/ｒ, whenｒ→0, |Z *|→0, W→∞, It's the North 

Pole singularity; ｒ=0, |Z *|=0, W no defined. It mapping out of the sphere and becomes a 

geometric point in real space.  

 The evolution of microcosmic object and radius of curvature (curvature). If complex 

numbers Z=x+i y =ｒeiθ, ordered ｒ＝R, while R is the curvature radius of the microcosmic 

object sphere model “great circle”, A =1/ｒ =1/R = k, and k=1/R is defined as the curvature 

of the microcosmic object. R→0，k→∞; R＝0, k＝∞, is a particle, exactly corresponds to a 

geometric point in real space. The curvature model of complex space becomes the particle 

model of real space. In complex space, when 0＜r≦r0, k0≦k＜∞ and 0＜R≦R0, K0≦k＜∞ 

microcosmic objects appear as matter waves; K0=m0c/ħ is known as the quantum curvature 

of the microcosmic object, while the matter wave mapping to real space present a probability 

distribution of point particles. 

 The physical mechanism and significance of the mapping inside and outside the complex 

sphere. The K space of the microcosmic object itself, through the curvature k→∞, R=0 (or h

→0), compacts into zero dimension, and the hidden freedom dimension are hidden again, 

becoming point particles in the 4-dimensional real space. The undulating motion of the 

microscopic object evolves into the point particle motion of the microscopic object, either 

trajectory or probability. Thus, quantum mechanics returns to classical mechanics or classical 

statistical mechanics. 

2.3. Dual quaternions complex space, dual 4-dimensional complex phase space, dual 

4-dimensional complex space-time 

 Dual quaternions complex space. Definition:  
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Zμ＝xμ＋iyμ ，Z*
μ＝xμ－iyμ 

(3-1) W(x,y)＝1/ Z*＝u(x,y)+iv(x,y)＝Aeiα 

ψ(x,y)＝u(x,y)+iv(x,y)＝A(x,y)exp(-iyμxμ) 

Here yμ，xμ are dual quaternions complex space virtual and real space coordinates,it appearing in 

the phase of the wave function. 

 Dual 4-dimensional complex phase space 

A dual 4-dimensional complex phase space can be defined by (3-1). When xμ is the 

4-dimensional component of the vector x, and yμ is the 4-dimensional component of the vector y  

xμ＝(x1, －x2, －x3, －x4) 
(3-2) 

yμ＝(y1，－y2，－y3，－y4) 

Then Zμ＝xμ＋iyμ can be regarded as the vector x, y generated by the dual 4-dimensional complex 

phase space.The wave function:    

ψ(x,y)＝u(x,y)+iv(x,y)＝A(x,y)exp(-iyμxμ) (3-3) 

Formula (3-3) is a wave function in a dual 4-dimensional complex phase space, which has the 

same form as the wave function in Formula (3-1). However, the coordinates of the phase space x, 

y are components of the vector x and y, which have the properties of the vector x and y, but the 

phase angle yμxμ must be dimensionless. 

 Dual 4-dimensional complex space-time. If the vector x has the probability attribute, then the 

dual 4-dimensional space time has the probability attribute, if the vector component xμ one 

has the time attribute, then the dual 4-dimensional complex phase space xμ，yμ is called the 

dual 4-dimensional space-time [13]. 

3. Geometric construction, wave function and description space of microcosmic objects 

3.1. Geometric construction of microcosmic objects: 

Studies have shown that modern physics cannot locate the spatial coordinates of microscopic 

objects smaller than the Compton wavelength [16], and this is the experimental basis for the 

creation of the field matter sphere model by the dual 4-dimensional space-time quantum 

mechanics. The microcosmic object is "the field matter sphere with uniform mass distribution of 

rotation", which has a certain spatial distribution. Position x has an uncertain property for the 

microcosmic object .The state of microcosmic objects [13] : 

 Static geometry description: the radius of curvature is 

R0＝ħ/m0c (3-4) 

Definition m0 is the static mass of the matter field, and R0 presents the extension distribution of the 

"internal" matte wave field of the static microcosmic object. And the curvature is given by K0 

K0＝1/R0＝m0c/ħ (3-5) 

Definition K0 is a symbol of particle nature. R0 and K0 are invariants relative to any stationary 

reference frame, independent of spatial position. It is not directly observable, but it is real, similar 

to the physical noumenon, and K0 is called the quantum curvature of the microcosmic object. 

 Dynamic geometry description. The radius of curvature is defined as 

R1＝ħ/mc (3-6) 

../../../../Program%20Files%20(x86)/Youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
../../../../Program%20Files%20(x86)/Youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
../../../../Program%20Files%20(x86)/Youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
../../../../Program%20Files%20(x86)/Youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
../../../../Program%20Files%20(x86)/Youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
../../../../Program%20Files%20(x86)/Youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
../../../../Program%20Files%20(x86)/Youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;


 

      Quantum Speculations 1 (2019) 32 - 45 

 

 36 

   

Curvature is defined as  

k1＝1/R1＝mc/ħ (3-7) 

Where m is the quality of exercise, moving mass, mass m increases, radius of curvature decreases, 

and curvature increases. The matter sphere of the sports field is a quantum object with a variable 

shape. In the translation and spin, the edge velocity of the ball is guaranteed to not exceed the 

speed of light, which is coordinated with the theory of relativity. It is a physical entity in the 

physical theory, known as "phenomenal entity" in the interaction realism [17]. 

 Three-dimensional space mapping. The radius of curvature is defined as 

Ri＝ħ/mvi 
(3-8) 

 

The curvature is defined as 

ki＝mvi/ħ 
(3-9) 

pi＝mvi is relativistic momentum, three dimensional observable. 

It can be seen that the "mapping" of microcosmic objects in 3d observable space has a radius 

of curvature that can be very large or very small, similar to the understanding of wavelength. It is 

different from the spatial structure R0 and R1 of microcosmic objects, and is similar to an "image" 

[18]. If the momentum and energy of microcosmic object are obtained in electromagnetic field, we 

call it electromagnetic curvature or electromagnetic quantum curvature. 

 Rotation frequency is defined as 

ν0=E0/h, ν1=E/h , (νi=Ei/h) (3-10) 

E0=m0c
2, E=mc2, (Ei=m0vi

2/2 or Ei=mvi
2/2) are consistent with the basic assumptions of 

quantum mechanics and relativity. 

 Field matter density is defined as 

η= m/V=η(k) (3-11) 

V is the volume of the field matter sphere, V=V(R), R=R(k), the density η of the matter field is a 

function of the curvature k, k = k0, k1, ki, (k1-ki = k0). It can be proved that the density of the 

matter sphere increases along with the decrease of V and the increase of k. The matter sphere V 

increases, k decreases, the density of the matter sphere decreases, η(k)is positively correlated with 

k. 

According to our understanding, R0, R1 should not be less than the Planck length, the f field 

matter density and energy density of field matter sphere can not be infinite. Avoids the infinite 

difficulties of point particle theory. 

3.2. Description of coordinate complex space and curvature complex space of field matter 

sphere [13]   

 The coordinate complex space (1-1) describes the complex space spherical coordinates of the 

spherical center at the coordinate origin.If the modulus r of the above complex number is 

defined by the curvature radius R of the microscopic object, and R = r, then the spherical 

coordinates of the above complex space describe the spherical coordinates of the field matter 

sphere with radius R, and 

R=R(x,y)，R=(x2+y2)1/2 (3-12) 
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Static microscopic object: R=R0=ħ/m0c, microcosmic object of movement: R=R1=ħ/mc, 

mapping in three dimensions: R = Ri =ħ/mvi. The field matter sphere is described in 

coordinate complex space.  

 Curvature complex space.The curvature complex space is introduced  

W＝1/z※＝u(x ,y)+iv(x ,y)＝(1/r)eiα＝keiα, k=1/r (3-13) 

W is the mapping space of Z, describing the spherical coordinates of curvature sphere with 

the center of the sphere at the origin of coordinates and the module k (x, y) = 1/r. Similarly, if k is 

defined by the curvature k = 1/R of the field matter sphere of the microcosmic object, then the 

curvature complex space W describes the curvature sphere spherical coordinates of the field 

matter sphere with radius R, curvature k. Static microcosmic object: k = K0 = 1/R0, moving 

microcosmic object: k = k1 = 1/R1, 3d space mapping: k = Ki = 1/Ri. 

For the Z space, the matter wave field is in the sphere and out of the sphere is empty. It can 

be simplified into a particle at a macro and large scale. For the mapping space W, the matter wave 

field is mapped to the outside of the sphere through the curvature sphere, showing a global spatial 

distribution, and the inside of the sphere is empty. Relative to the field matter sphere, Z space and 

W space map to each other to describe the same matter wave field, similar to the dual hypothesis. 

All the wave functions in quantum mechanics are described in this space. 

The full space distribution of wave functions in quantum mechanics is accomplished 

unconsciously in this kind of space transformation. The full space distribution of electrons in 

4-dimensional real space is not real. But in the transformation of inner and outer space, it is 

necessary to facilitate the application of mathematics and physics in theoretical description, as 

well as the description of quantum phenomena. 

In real space time, we use the motion of the particle to describe the orbital motion or 

probability distribution of the object. In complex space, the motion and change of curvature radius 

R and curvature k are used to describe the matter waves of microcosmic objects. Matter wave is 

the wave motion of the density or spatial structure of the field inside the microcosmic object. 

That's the physics of the microcosmic object not orbiting. 

The introduction of curvature k is an expansion of the physical meaning of wave vectors, the 

geometrization of matter, and the revelation of the degree of freedom of point model hidden space, 

which can be attributed to the property of quantum mechanics describing space-time. The motion 

state of the matter wave field is related to the interaction of the microcosmic object. 

3.3. Enlightenment of relativistic energy formula 

From the relativistic energy formula of the microcosmic object 

E2＝(mvi) 
2c2＋m0

2c4 ,  (mc)2＝(mvi)
2＋(m0c)2 (3-14) 

we get the momentum triangle: 

p1
2＝pi

2＋p0
2 (3-15) 

and the curvature triangle:       

k1
2＝ki

2＋K0
2 , i=2, 3, 4 (3-16) 

and the vector relation:          
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K0＝k1－ki (3-17) 

By k1 and ki, the 4-dimensional curvature space K and the 4-dimensional coordinate space x, 

which are related to the microcosmic object itself, can be constructed. 

The 4-dimensional curvature space K       

k＝K(k1－k2－k3－k4) (3-18) 

The 4-dimensional coordinate space x       

x＝x(x1－x2－x3－x4) (3-19) 

The spatial invariant of the four-dimensional curvature K is given by equation (3-5) and 

K0
2＝k1

2－k2
2－k3

2－k4
2 

(3-20) 

(dK0
2＝dk1

2－dk2
2－dk3

2－dk4
2) 

Invariant of the 4-dimensional coordinate space x 

x0
2＝x1

2－x2
2－x3

2－x4
2 

(3-21) 
(d x0

2＝dx1
2－dx2

2－dx3
2－dx4

2) 

K, x space is a dual 4-dimensional flat space. dK0, dx0 are the invariants of two 4-dimensional 

coordinate transformations. It just reflects the existence of the microcosmic object--physical 

noumenon which does not depend on the transformation of time and space. dx0 is the projection of 

d k0 onto four dimensional space x. Through the field matter sphere model, the spatial distribution 

characteristics of the microscopic objects themselves can be combined with their coordinate space 

to construct a dual 4-dimensional complex phase space W(x, k) to describe the microcosmic 

quantum phenomena. Where, the variable k is the special case of y=k in formula (3-1)[13]. 

3.4. matter wave function in dual 4-dimensional space-time 

The radius and curvature of the rotating microcosmic object can be constructed from the 

"static" Compton momentum m0c. In the curvature complex space, the coordinate system of the 

microcosmic object itself, a matter wave function [13]: 

Ψ0=A0е
-iω0t0, m0c

2=hν0 (3-22) 

t0 is the coordinate time of the microcosmic object itself. Observe the uniform motion from rest, 

the Lorentz transformation: t0=(t-vx/c2)/(1-v2/c2)
1/2, in the observation system K, see the plane 

wave 

Ψ=Aе-iωt=Aе-i(px-Et)/ħ=Aе-i(kixi-k1x1) = Aе-ikμxμ (3-23) 

in  i=2, 3, 4; μ=1, 2, 3, 4; k1x1 =mc2t /ħ=(mc/ħ)ct. Equation (3-23) identical to the mathematical 

form of the wave function in quantum mechanics. But it's a matter wave -- a fluctuation of a field 

matter, is a physical wave. Where, x1=ct has a time attribute, and we define the phase space kμ xμ 

as dual 4-dimensional complex space-time W(x, k). In the equation (3-23), The complex phase 

space kμ xμ is the space-time, where the matter wave is located, and corresponding to the position 

vector and curvature vector of the field matter sphere model, containing attribute of x vector and k 

vector. Relativity and quantum mechanics are also unified from the source of physical models. 

The amplitude A (x, k) of Matter wave function Ψ (x, k) is function of x and k, A (x, k) containing 
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matter information of microcosmic object. Among them, x representation has probability attribute 

and k representation has matter density attribute. 

The spin state of the microcosmic object is described in its own coordinate system, 

independent of the space-time coordinate x. In the spin pure state, the spin is parallel to the spin 

upward and downward, and has coherence [18][19]. 

4. Origin of quantum probability in dual 4 dimensional space-time 

4.1. Uncertainty of microcosmic object position 

The microscopic object is not a point, but a rotating field matter ball with uniform mass 

distribution and a certain spatial distribution radius R, and its position X has an uncertainty 

property. The uncertainty D depends on the size of R. If the quality is determined, the smaller the 

microscopic quantum object, the greater the matter density and the smaller the position uncertainty 

D. Conversely, if the same microscopic quantum object R is larger, the matter density is smaller, 

and the position uncertainty D is larger. This is an objective fact, and is manifested in microcosmic 

quantum phenomena at different cognitive levels.The uncertainty D is defined as follows: 

 R=0, mass density η =∞, particle model can be used, position is completely determined, 

uncertainty D=0, probability of microcosmic object at x is p=1; 

 R=∞, mass density η=0, position x is completely uncertain, uncertainty D=∞, the existence 

of microcosmic object cannot be found, probability of appearance at x is p=0; 

 In dual 4-dimensional space-time quantum mechanics, the field matter sphere has a certain 

size, the uncertainty of position 0<D<∞, and the probability of occurrence at x 0<p<1. 

Microcosmic quantum object is definitely not a mass point and has a certain spatial 

distribution radius R. Therefore, it is an objective fact that the position of microcosmic quantum 

object x is uncertain, which is manifested in quantum phenomena at different cognitive levels.  

The above cognition is the physical source of uncertainty relation△ x·△ p=h of quantum 

mechanics.Dual 4-dimensional space-time reflected in the △ x=2R, △ p=m0c, or R·k=1/2. The 

values of R and k are: 0<R<∞, 0<k<∞, special case, k= ∞, R=0, k=0, R=∞ , uncertainty relation 

is easy to understand. 

Classical space-time, the point of space-time is deterministic. In the quantum mechanics of 

the point particle model, the objective uncertainty of the position x of the microcosmic quantum 

object mentioned above can be subjectively understood as that in the microcosmic quantum object, 

at the position xn (n=1, 2, 3...) the probability of finding the point particle. If the quality is 

determined, the smaller the microscopic quantum guest is, the larger the field matter density is, 

and the greater the probability of finding the point particle; if the microscopic quantum object is 

larger, the field matter density is smaller, and the probability of finding the point particle is smaller. 

The microcosmic quantum object contracts to a point, and the density of field matter is equal to 

infinity. If the space-time point and the particle coincide, the probability of finding it is 1. 

Microcosmic quantum object infinite, field matter density =0, probability of finding is zero. 

Nevertheless, in classical mechanics, however, a particle corresponds one-to-one to a point 

in space and time. The microcosmic quantum is treated as a classical particle, and there is no 

uncertainty of position x. Therefore, traditional point particle quantum mechanics has formed two 

subjective cognitive routes: one is to admit the certainty of the spatial coordinate x, then point 

particles themselves must assume the above probability properties, so that the microcosmic  

quantum objects have "natural" motion uncertainty. Bohr is the representative of this cognitive 

line. Second, there is no uncertainty in the microcosmic object itself. The above objective 
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uncertainty given the space-time coordinates, and space-time itself has the attribute of uncertainty. 

In fact, Einstein is the representative of this cognitive line. Einstein did not recognize the 

probabilistic nature of space and time. The responsibility lay with god, who rolled the dice. 

The two ways of thinking are different and discussed in the same classical physics point 

particle model, but the logical starting point of reconciling contradictions cannot be found. Various 

alternative theories of covert point particle model have been endlessly debated, and discussions are 

still ongoing [15]. 

In the quantum mechanics dual 4-dimensional space-time W(x, k), the physical model is not 

the point particle, but a rotating field matter sphere with a certain mass and   uniform distribution. 

The real and imaginary parts of W(x, k) are both maps of the field sphere. Reflect the basic 

attributes of microcosmic object matterity. 

In W(x, k), the spatial freedom degrees of hidden by point particles are replaced by quantum 

curvature k, forming the imaginary part of the space-time of dual 4-dimensional quantum 

mechanics, which is associated with matter density. The k presentation of wave function has the 

attribute of matter density. X presentation the position of microcosmic objects, which constitutes 

the real part of quantum mechanics' dual 4-dimensional space-time, and endow x 

indeterminacy  attribute. X presentation of wave function has probability attribute. The dual 

4-dimensional space-time transforms the subjective cognition of the physical structure of 

microcosmic objects into the attribute of the dual 4-dimensional space-time. 

The rotation field the interior of the matter sphere is like a rotation vector field, and there is a 

fluctuation of the matter field, which happens to be within the category of position uncertainty. 

The concept of "position uncertainty" and "mass density" has been transformed into the attribute 

of space-time and the fluctuation of its internal matter waves in space-time. The fluctuation 

motion of internal local area matter wave can be mapped to the motion of the universe matter 

wave in the complex space with external curvature through the complex number transformation 

W=1/z※. This enables the objective description of the quantum wave phenomenon of the 

microcosmic object by the dual 4-dimensional space-time quantum mechanics. Neither Einstein's 

dice of god nor the subjective knowledge of the uncertain nature of Copenhagen particles is 

needed. The dependence of quantum phenomena on subjectivity can be eliminated by the 

description of microcosmic quantum phenomena by quantum mechanics double 4-dimensional 

space-time W(x, k). 

Since the space of the microcosmic object itself in the dual 4-dimensional space and time has 

a quantized characteristic and a complex quantized structure, quantum mutation makes the 

space-like space be distributed among them (quantum mutation time t=0)[20]. Here, we don't need 

to specially quantize space-time. The quantization of dual 4-dimensional space-time is with the 

itself of the definition, which avoids all kinds of difficulties in the quantization of classical 

space-time, especially gravitational space-time. 

In the dual 4-dimensional space and time, microcosmic objects mapped to the real part, 

appears the probability density distribution of microcosmic objects, but the probability distribution 

is not equal to 0 and 1, and the mapped to the imaginary part, forms the field matter density 

distribution, but the matter density distribution is not equal to 0 and∞. The distribution of the 

density of matter and the distribution of the probability density can also presentation conversion 

by the Fourier conversion, matter waves are converted into probability waves. How to realize the 
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probabilistic motion of matter wave to point particle in quantum mechanics is the task of quantum 

measurement. 

The probability is equal to 1, and the distribution of matter density is equal to infinity. For the 

corresponding particle model, we will go back to the laboratory to observe the probabilistic 

motion of particles in space. This is what classical space-time describes. 

The macroscopic classical instrument is designed and manufactured by the classical point 

particle model theory. It is responsible for translating the microcosmic quantum phenomena 

described by the sphere model in the dual 4-dimensional space-time into the classical physical 

phenomena in the macroscopic classical space-time by properly introducing continuous interaction, 

and displaying the observation results of point particles [21]. 

The dual 4-dimensional space-time combines Bohr and Einstein's two cognitive routes into a 

dual 4-dimensional space-time. Formation: matter tells space-time how to have probabilistic 

properties, and space-time tells matter how to move probabilistically. Quantum phenomena have 

been completely described in a reasonable physical way [22]. 

Since the matter wave is formed by the motion of the rotating field matter sphere, and in the 

dual 4-dimensional space-time, and the amplitude A of the matter wave is function of x and k, the 

above qualitative analysis of the probability origin can be quantitatively described by the 

amplitude A(x, k) of the matter wave. 

4.2. Physical properties and space-time metric of dual 4-dimensional space-time W(x, k) 

 Vector: k (k1, k2, k3, k4) describes the spatial structure of the microcosmic object, presenting 

the existence form and matter density distribution of the microcosmic object; 

 Vector: x (x1, x2, x3, x4) describes the location of the microcosmic object, and the uncertainty 

attribute (or probability attribute) is related to the spatial distribution and matter density 

distribution of the microcosmic object. 

 X and k can form the complex vector phase space -- W(x, k) space, describing the 

microcosmic quantum phenomena. 

 The metric tensor of dual 4-dimensional complex space-time W(x, k) 

gμν＝diag(1, -1, -1, -1) 

(4-1) 
x2＝xμgμνxν＝x1

2－x2
2－x3

2－x4
2 

K2＝KμgμνKν＝k1
2－k2

2－k3
2－k4

2 

∣Z∣2＝ZZ※＝x2＋y2,∣Z∣2＝ZZ※＝x2＋k2 

are Lorentz invariants. So, we consider W( x, k) is a complex number expand  of M4(x). Dirac 

equation is invariant in Lorentz conversion.In coordinate conversion dK0 (dK0
2 ＝

dk1
2-dk2

2-dk3
2-dk4

2) is the invariant in 4-dimensional imaginary space. It is the physical noumenon 

of people expect. In the 4-dimensional real space dx0 is the projection of dK0(dx0
2 ＝

dx1
2-dx2

2-dx3
2-dx4

2), and dx0 is the invariant in coordinate conversion. 

Clearly, the Galileo transform is still a special case of the Lorentz transform in dual 

4-dimensional space-time. The unity of classical mechanics and quantum mechanics is led by the 

change of physical model and the evolution of space-time metric. The invariance of Dirac 

equation will also transition to the invariance of Schrodinger equation. 

4.3. Application of wigner function method 
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Matter wave function Ψ (x, k) of microcosmic object is a physical wave, and the movement 

satisfy Dirac equation (or the Schrodinger equation). The amplitude A(x, k) contains matter 

information of the microcosmic object. And there is a transformation relationship 

A(x,k)=ʃ∞
-∞ dξe-iξkΨ※(x-½ξ)Ψ(x+½ξ) (4-2) 

A(x,k)=ʃ∞
-∞ dξe-iξ xΦ※(k-½ξ)Φ(k+½ξ) (4-3) 

Among them, the Ψ (x) as the position representation, Φ (k) for matter density representation. 

If going to integrate both of these, (4-2) to eliminate variable k, and matter waves Ψ (x, k) is 

mapped to the real space. Get the position presentation wave function Ψ (x) and probability 

density distribution function ρ(x) 

ʃ∞
-∞  A(x,k)dk=|Ψ（x）|2=ρ(x) (4-4) 

Normalized representation  

ʃτ cρ（x）dτ=ʃτ c|Ψ（x）|2dτ=1 (4-5) 

Position x with probability attributes, ρ(x) is a microcosmic object at the x appears the probability 

density, define Ψ (x) is a probability amplitude is understandable. In the dual 4-dimensional 

space-time , define |Ψ(x)|2=ρ(x) for probability density, physical background is clear. This is 

space-time telling matter how to move probabilistically. Since the microcosmic object has a 

certain size, therefore, 0<ρ(x)<1. (4-3) the elimination variable x, matter waves Ψ (x, k) is mapped 

to the imaginary part k space. Get wave function Φ(k) of curvature k representation and matter 

field density distribution function η(k) 

ʃ∞
-∞  A(x,k)dx=|Φ(k)|2=η(k) (4-6) 

Normalized representation      

ʃv c η（k）dv =ʃv c|Φ（k）|2 dv=ʃvdv/v=1 (4-7) 

Field matter density η(k) and the probability density ρ(x) of appearance at position x, the 

relationship is as follows: high density of field matter, high probability, low density of field matter, 

uniform distribution of field matter density, uniform distribution of probability. Matter tells 

space-time how to have probabilistic attribute. Similarly, since the microcosmic object has a 

certain size, therefore, 0<η(k)<∞. 

Special case, the field matter density is infinite, probability is equal to 1, is the mass point, 

the microcosmic object from the dual 4-dimensional space-time description back to 4-dimensional 

classical space-time description. In fact, the imaginary part k is the wave vector space of quantum 

field theory. 

4.3. Fourier transform of ψ(x) and Φ(k) 

ψ(x) ＝(2π|ħ)(-1/2)ʃ∞
-∞ Φ(k)exp(ikx)d(ħk) (4-8) 

Φ(k) ＝(2πħ)(-1/2)ʃ∞
-∞ Φ(x)exp(ikx)d(x) (4-9) 

Formula (4-8) and (4-9) are the transformation of representation of field matter density and 

probability density distribution. The field matter density is uniformly distributed, and the 

probability density is uniformly distributed; Where the density of field matter is large, the 
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probability of microcosmic objects appear is high. Where the microcosmic object does not appear, 

the field matter density is zero and the probability density is zero. In quantum mechanics ψ(x) 

and Φ (p) between the Fourier transform has a new physical meaning. Formula (4-8) and (4-9) are 

mathematical expressions that reveal the source of quantum probability physics. In two four 

dimensional spacetime, matter tells spacetime how to have probabilistic properties, and spacetime 

tells matter how to move probabilistically. 

World famous historians of physics, philosopher of physics, professor Cao Tian-yu recently 

made clear that the dual 4 dimensional space-time of quantum mechanics: 

 Along the tradition of Kaluza-Klein, Pauli also derives the tradition of gauge field theory, 

trying to derive the probabilistic features of quantum physics from more complex space-time 

structures (dual 4-dimensional space-time), thus providing a realistic interpretation of 

quantum physics. 

 More complex spatio-temporal structures (dual 4-dimensional space-time) are constructed 

under the constraints of the probabilistic characteristics of quantum phenomena. In fact, the 

nature has yet to be confirmed, just as the reality of the four-dimensional space-time 

constructed by Minkowski is to be confirmed by the subsequent development of physics.  

 Therefore, the emergence of quantum physics has made us have a clearer understanding of 

the richness and complexity of space-time structures, and the construction of dual 

4-dimensional space-time has also made quantum physics have an objective ontological basis 

[22][23]. 

5.The universality of quantum mechanics and the fundamentally problems of quantum 

space-time 

In dual 4-dimensional space-time quantum mechanics has no universality. Physical 

space-time is no good or bad. Each kind of space time can only describe physical phenomena at a 

certain cognitive level. As long as the cognitive level exists, the corresponding space-time exists. 

If it is used across boundaries, there will be cognitive conflicts, incomprehension and 

incoordination. Although Newton, special relativity, general relativity and quantum mechanics 

describe the physical phenomena at different cognitive levels, the space-time can be 

commensurable. In the change of cognitive level, one kind of space-time can evolve into another 

kind of space-time in a specific mode. For example, Newtonian space-time is the limiting mode of 

special relativity space-time; Special relativity space-time can be regarded as general relativity 

curved space-time local flat mode; Quantum mechanics dual 4 dimensional space-time is flat 

space-time, can also be regarded as general relativity curved space-time local flat mode. In 

addition, quantum mechanics is a dual 4-dimensional space-time. On the one hand, it is a complex 

extension of special relativity space-time; on the other hand, classical space-time is a limit 

modality in which the quantization of energy, momentum and microcosmic object structure tends 

to continuous change. It can be seen that between two space-time are transition to each other. 

"Transition" does not mean that physical space-time can be used instead, but indicates that 

there is a commensurable between space-time. Since other space-time can be regarded as the local 

mode of gravitational curved space-time, gravitational space-time should be more fundamental. 

Quantum mechanics is not universality, and its space-time is only a local representation of 

gravitational space-time. The unified field theory in dual 4-dimensional space-time has new ideas. 
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6. Conclusion and discussion 

 The physical model of quantum mechanics is the field matte sphere, and the particle model is 

not applicable; 

 The spatial distribution and mass distribution of microcosmic objects are the origin of 

quantum probability; 

 The space-time of describing microcosmic quantum phenomena is a dual 4-dimensional 

space-time. Matter tells space-time how to have probabilistic properties; Space-time tells 

matter how to behave probabilistically [22][23]. 
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