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Abstract 
A hundred years ago, Planck and Einstein and others created quantum theo-
ries or quantum mechanics while they explained the photoelectric effect. 
Planck and Einstein empirically obtained a statistical relationship between the 
energy of light quantum and the frequency of light but have not studied the 
physical process and essence of the photoelectric effect, so some photoelectric 
phenomena are difficult to be explained by existing quantum mechanics cur-
rently. In this paper, a dynamical process of orthogonal interaction between a 
photon and an electron to form a new state of matter in photoelectric effect 
experiments is studied so finding that the Planck constant is a product value 
of the mass, length, and velocity of a high-energy particle. The dynamics of 
the orthogonal collision of matter (particles) can not only give the physical 
process and essence of the photoelectric effect, but also have great signific-
ance for the further development of quantum mechanics. It can physically 
explain phenomena such as wave-particle duality and quantum entanglement 
in the motion of high-energy particles. Its prospects can be widely used in 
cosmic physics, macro physics, and micro physics. 
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1. Introduction 

The photoelectric effect is the emission of electrons when electromagnetic radia-
tion, such as light or high-energy particles, hits a material. Electrons emitted in 
this manner are called photoelectrons [1] [2]. This phenomenon has been stu-
died in condensed matter physics, solid states, and quantum chemistry to infer 
the properties of atoms, molecules, and solids. 
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The phenomenon of the photoelectric effect has been discovered and studied 
for a long time. Before the mid-19th century, it was noted that the effect pro-
duced by light on electrified bodies and developed the first practical photoelec-
tric cells that could be used to measure the intensity of light [3] [4]. One found 
that different metals with respect to their power of discharging negative electric-
ity were different so that it was the first sign of the photoelectric effect. In 1887, 
Hertz observed the photoelectric effect and reported on the production and re-
ception of electromagnetic waves such as ultraviolet radiation [5] [6]. Since then, 
people have paid more attention to many metals that discharge negative electric-
ity under the action of ultraviolet light, including the effect of ultraviolet light on 
gas ionization. 

In 1900, while studying black-body radiation, German physicist Planck pro-
posed the relation between energy element and the common frequency of reso-
nators. His paper “On the law of distribution of energy in the normal spectrum” 
published in 1901 [7] showed that the energy carried by electromagnetic waves 
could only be released in packets of energy. In 1902, Lenard [8] found that the 
maximum electron kinetic energy is determined by the frequency of light. In 
1905, Einstein [9] published a paper advancing the hypothesis that light energy 
is carried in discrete quantized packets to explain experimental data from the 
photoelectric effect. Einstein theorized that the energy in each quantum of light 
was equal to the frequency of light multiplied by a set of constants which was 
similarly called by Planck as a universal constant in 1901. He noted that a pho-
ton above a threshold frequency has the required energy to eject a single elec-
tron, creating the observed effect. This theory was a key step for the develop-
ment of quantum mechanics. 

In 1914, Millikan’s highly accurate measurements of the Planck constant from 
the photoelectric effect supported Einstein’s model and theory, even though a 
corpuscular theory of light was for him, at the time, “quite unthinkable” [10] 
[11]. Einstein was awarded the 1921 Nobel Prize in Physics for “his discovery of 
the law of the photoelectric effect”, and Millikan was awarded the Nobel Prize in 
1923 for “his work on the elementary charge of electricity and on the photoelec-
tric effect”. Planck’s law was the first quantum theory in physics, so he won the 
Nobel Prize in 1918 “in recognition of his contribution to the advancement of 
physics through the discovery of energy quanta”. At the time, however, Planck’s 
view was that the introduction of energy quanta was a purely formal assumption 
[12] or a heuristic mathematical construct, rather than a fundamental change in 
our understanding of the micro world. 

Above we have briefly summarized the observation, understanding and inter-
pretation of the photoelectric effect by physicists in the early 20th century. After 
Einstein proposed the classical theory (law) of the photoelectric effect in 1905, 
the theory of wave dynamics was proposed in the early 20th century [13] [14], 
and the quantum mechanics was also developed in the 1920s [15] [16]. Their 
aim was to try to give a theoretical explanation for the Planck constant and the 
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photoelectric effect. However, they still use statistical mathematical methods of 
probability and matrix mathematical concepts so that the physical explanation is 
still difficulty. The wave behavior equation uses a mathematical description of 
the wave function with wave energy. Those properties that are not known with 
precision must be described by probabilities. 

Although the photoelectric effect has been widely studied and applied, there 
are still some problems to be solved, such as photoelectric conversion efficiency. 
In terms of theoretical explanation, despite the classical photoelectric effect equ-
ation and the theory of wave dynamics can describe the relationship between 
photons and electrons [13] [14], but there are still some photoelectric pheno-
mena that cannot be explained. Isaacson [17] described the quantum mechanics 
controversy about uncertainties and probabilities in his book “Einstein: His Life 
and Universe”. Although Einstein was the creator of quantum mechanics, how-
ever, he believed that underlying quantum mechanics must be a theory that ex-
plicitly forbids action at a distance, because he did not recognize the quantum 
entanglement. He argued that quantum mechanics was incomplete, a theory that 
was valid but not fundamental, analogous to how thermodynamics is valid, but 
the fundamental theory behind it is statistical mechanics. Also, Planck was not 
interested in producing an empirically correct law, but in establishing a rigorous 
derivation of it [12]. 

Existing quantum theories, such as quantum mechanics, offer some statistical 
explanations for the behavior of micro particles such as the photoelectric effect 
and other phenomena. However, these theories still have limitations when it 
comes to certain phenomena. We can summarize the limitations in following 
five aspects. 

1) The theories of physics have not yet been fully unified. Quantum mechan-
ics and general relativity are two fundamental theories of physics. They have all 
been incredibly successful in their respective fields. However, there is currently 
no complete theory, such as the “theory of everything” or quantum gravity, that 
can successfully unify the two frameworks. This limitation prevents us from fully 
understanding phenomena that occur under extreme conditions, such as near 
black holes or during the early moments in the universe. 

2) Measurement is an open question. Quantum mechanics introduces the 
concept of wave-particle duality, in which particles can exist in a superposition 
of states. However, the theory does not explicitly explain what constitutes a 
measurement or why the measurement behavior causes the wave function to 
collapse to a definite state. This measurement problem has been the subject of 
debate and an unsolved puzzle in quantum theory. 

3) Particle information is non-localized and entangled. Quantum mechanics 
allows for a phenomenon called entanglement, in which two or more particles 
become so related that their properties are so closely connected, regardless of the 
distance between them. This correlation seems to go against the classical concept 
of locality. Although entanglement has been experimentally confirmed, its un-
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derlying mechanisms and the informational relationships between them are still 
not fully understood. 

4) Probability and wave functions diverge from the determinism. In contrast 
to the determinism of classical physics, quantum mechanics introduces inherent 
randomness into the micro world, as described by probability and wave func-
tions. This departure from the determinism raises philosophical questions about 
the nature of reality and the role of consciousness in observing behavior. 

5) Quantum mechanics lacks an intuitive explanation of how the world works. 
While the mathematical framework of quantum mechanics can make accurate pre-
dictions, it lacks a complete intuitive understanding of concepts like wave-particle 
duality, quantum entanglement, superposition, and tunneling. 

The photoelectric effect is a start-up experiment for the creation of quantum 
mechanics. Therefore, the problems encountered in quantum mechanics still re-
quire an understanding of the fundamental mechanism of the photoelectric ef-
fect. The process of how photons and electrons interact to achieve the optimal 
efficiency of photoelectrons is not only necessary to understand the photoelec-
tric effect, but also the content that needs to be studied for the in-depth devel-
opment of quantum mechanics. This article attempts to find the fundamental 
theory of quantum mechanics that Planck and Einstein expected. From Section 
2, we will find that Plank and Einstein’s photoelectric effect relations are both in 
the form of statistical physical laws so that their relations are difficult to express 
the essence of photoelectric effect. Thus, we give a dynamical result of the pho-
toelectric effect without statistical constants in Section 3. The dynamical result 
use to explain phenomena proposed in current quantum mechanics is described 
in Section 4. Section 5 gives the conclusions and discussion of this article. 

2. Traditional Explanation on the Photoelectric Effect 

The photoelectric effect gives the phenomenon of photons hitting the surface of 
a substance (solid metal) to excite electrons. The first to give a description of the 
photoelectric effect was Planck. In his 1901 article published in Annalen der 
Physik, he used the calculation of resonator entropy as a function of energy [7]. 
For the system of N resonators, he gives a definite total entropy, 

NS NS= .                         (1p) 

where S represents the average entropy of a single resonator, and the total en-
tropy SN depends on the disorder with which the total energy UN is distributed 
among the individual resonators. 

The entropy S of a resonator as a function of its single energy U is given by, 

( ) ( ) ( ) ( )1 log 1 logS U U U Uκ ε ε ε ε= + + −   .         (2p) 

where κ is a universal constant, ε is as a discrete quantity as a part of the energy 
element. From here the discrete energy has been mentioned by Planck in his paper. 

He applied Wien’s displacement law to Equation (2p) for the single entropy S. 
He then found that the energy element ε must be proportional to the frequency 
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ν, thus, 

hε ν= .                          (3p) 

where, h is another universal constant called in his paper. 
In 1905, Einstein’s article “On a heuristic point of view about the creation and 

conversion of light” published in the same journal was divided into 9 parts [9]. 
In Part 8, “On the generation of cathode rays by illumination of solid bodies,” a 
similar expression to Planck appears, but his description of quantum is clearer. 
The following italics are English translations based on his German article. 

The usual understanding, that the energy of light is distributed over the space 
through which it travels in a continuous way encounters extraordinarily large 
difficulties in attempts to explain photo-electric phenomena, as has been pre-
sented in the groundbreaking article by Mr. Lenard [8]. 

According to the understanding that the exciting light consists of energy 
quanta of energy (R/N)βν the generation of cathode rays by light can be con-
ceived as follows. Quanta of energy penetrate the surface layer of the solid, and 
their energy is transformed, at least partially, in kinetic energy of electrons. The 
simplest picture is one where the light quantum gives its entire energy to a single 
electron; we assume that this will occur. However, it must not be excluded that 
electrons accept the energy of light quanta only partially. An electron that has 
been loaded with kinetic energy will have lost some of its energy when it arrives 
at the surface. Other than that we must assume that on leaving the solid every 
electron must do an amount of work P (characteristic of that solid). Electrons 
residing right at the surface, excited at right angles to it, will leave the solid with 
the largest normal velocity. 

In this paragraph, Einstein explicitly gave academic terms for quantum con-
cepts such as “energy quanta of energy”, “quanta of energy” and “light quan-
tum”. His energy quanta can be written as, 

( )R Nε β ν= ⋅ .                       (4e) 

where R is the absolute gas constant, N is the number of “real molecules” in a 
gram equivalent (N = 6.17 × 1023), ν is the frequency, and β = 4.866 × 10−11. 

As Einstein published in the same year as his article on the mass-energy equi-
valence relationship [18], he did not directly give a relation as Equation (4e). But 
from his articles, it is easy for people to understand or write his expressions. So, 
we can use the same symbolic ε for energy quanta in Equation (4e) as used by 
Planck in Equation (3p). In comparation of Equation (3p) and Equation (4e), it 
can be found that the universal constant h used by Planck is equivalent to Eins-
tein’s three synthetic constants, i.e., 

( )h R N β= .                         (5) 

We will not concern the respective estimates of Planck constant with Einstein 
constant. Both from their respective derivations and estimates of the Planck 
constant and from the experimental data of others, they all agree that the energy 
of photoelectrons is proportional to the frequency of photoelectrons. 

https://doi.org/10.4236/jamp.2023.116104


W. H. Qian 
 

 

DOI: 10.4236/jamp.2023.116104 1585 Journal of Applied Mathematics and Physics 
 

Planck’s research on this problem began with blackbody radiation, Einstein 
began with the photoelectric effect, and they both got the relationship between 
energy and frequency. Quantum mechanics textbooks and encyclopedias now 
refer to the relationship between photon energy E and photon frequency f as the 
Planck-Einstein relation [19], 

E hf= .                           (6) 

In honor of Planck, where h is called the Planck constant. 
The statistical relationships confirmed by observations are called laws, such as 

Newton’s law of universal gravitation and Coulomb’s law in electromagnetism. 
People can conveniently use these laws of physics in their daily lives and work. 
But there are two problems in the laws of physics: one is not precise enough be-
cause constants that exist are statistical and another is not known their physical 
mechanism. Therefore, the physical discipline developed with the laws of statis-
tical relationship is not precise enough, and the physical attribution is not clear. 

3. The Dynamical Process of the Photoelectric Effect 

The photoelectric effect is a representation of a physical phenomenon. Planck 
and Einstein gave statistical mathematical expressions of the photoelectric effect, 
respectively. The fundamental description of the photoelectric effect requires a 
dynamical method that combines from mathematics and physics. Based on the 
description in Einstein’s 1905 article [9], we drew Figure 1. There are many 
electrons within and on a metal plate. A photon or particle p radiates into a solid 
metal plate in a path of micro fluctuations. This particle p collides with an electron 
e on the metal plate and causes a photoelectron to escape out the metal plate. 

We examine the collision between a particle and an electron from the sub-
atomic scale. The propagation of energetic particles has the property of wave- 
particle duality. In Figure 2, an electron e is moving at a high speed around its 
nucleus. A particle p along a wave-like path collides with an electron at point H. 
The collision angle between them is θ. Instead of focusing on whether the photons 

 

 
Figure 1. The emission of a photoelectron pe (black point) from a metal plate (yellow 
shading area) caused by a light quantum—a photon or particle p (red point). The letter α 
is an angle of a photon radiating to the plate and interacting with an electron e (blue 
point) at the point H on the surface between A to B. 
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Figure 2. A photon or particle p and an electron e collide at point H with a collision angle θ 
between them. The letter o’ indicates the center of the electron e circled by the blue-dashed 
line around its atomic nucleus and the letter o is the curvature center of the photon or 
particle p moving along a wave-like path indicated by the red-dotted line, the letters rp and 
re are their moving radiuses. 

 
entering the surface of the metal plate have mass, we first confirm that there is a 
high-energy particle p with its mass mp. There may be multiple electrons orbit-
ing around an atomic nucleus. Different substances have different atoms. Dif-
ferent atoms carry different numbers of electrons. 

In Figure 2, the mass of a particle is pm  and the mass of an electron is em . 
They all have their own centripetal forces pF  and eF  when they collide at 
point H. Two forces are, 

2p
p p

p
p

m
v

r
=F n ,                        (7) 

2e
e e

e
e

m
v

r
=F n .                         (8) 

where the term 2m v
r

n  is a centripetal force with mass m and velocity v at the 

n  direction, pr  and er  are the moving radiuses of particle and electron re-
spectively. 

The centripetal force is an inertial force. Considering that they collide with 
each other under the action of centripetal forces, 

( )2 2p e
p e p e

p e

m m
v v

r r
   

= ⋅ ⋅ ×       
n nτ .                 (9) 

The direction of shear stress τ  is perpendicular to the plane formed by 
two-unit vectors p e×n n . The symbol “ = ” in Equation (9) indicates that the 
quantities (vector and scalar) on both sides represent events separated in the two 
different worlds (or two different universes). The magnitude on both sides is 
equal, but the information on both sides cannot be communicated. From the 
new world (new universe) τ , people cannot find any information even appeared  

in the old world (old universe), 2p
p

p

m
v

r
 
  
 

 and 2e
e

e

m
v

r
 
 
 

. Similarly, no information  
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of the new world (new universe) existed in the old world (old universe). The 
symbol has a philosophical meaning. After a collision and taking p er r r= = , the 
shear stress modulus is, 

( ) ( )2 2 sinp p e em v m vτ θ σ= ⋅ .                  (10) 

where 2rσ =  and θ is the angle between two directions pn  and en . The 
shear stress modulus can be seen as the density of mass-energy product (or 
mass-energy density for simply) formed by the collision of the particle and the 
electron, which is distributed in a new area σ. 

In Equations (9) and (10), the collision of two energetic particles causes a rev-
olution between the old and new worlds, namely the birth of the new universe 
like a “big bang” and the demise of the old universe like a “black hole”. In Equa-
tion (9), the shear stress τ  as a new universe has two moving directions of new 
material (photoelectrons) perpendicular to the plane of the photon and electron 
involved in the collision in the old universe. The directional shift between the 
old and new worlds can explain many phenomena observed and discovered in 
micro world of quantum mechanics, such as the opposite spin of new matter, the 
opposite polar jet directions of black holes, the opposite charge, and so on. 

In Equation (10), the information of the old and new worlds (universes) has 
changed qualitatively. The two high-energy particles involved in the collision 
will leave different traces (inertia) to the new world (new universe) depending 
on the angle of collision. When the collision angle is 0 degrees, it corresponds to 
a head-on collision between two high-energy particles, leaving the shear stress 
modulus to the new world (universe) as 0τ = . When the collision angle is 180 
degrees, it corresponds to a rear-end collision between two high-energy par-
ticles, so that the shear stress modulus left to the new world (new universe) is 
also as 0τ = . For these two collisions, no new world (universe) or no new ma-
terials can be generated. This description shows that if a collider we build in the 
form of particle collision is a head-on collision or a rear-end collision, then a 
concentration of energy can be formed, but not a mass-energy conversion from 
the old world to the new worlds. The purpose of an artificial collider is to form 
new states of matter such as plasma or photoelectrons through the collision of 
high-energy particles. Only orthogonal collision is the best mechanism for the 
conversion from the old state of matter to the new state of matter, meaning that 
the conversion from the mass of matter to energy can occur [20]. Orthogonal 
collisions are the best choice for building high-efficiency and low-consumption 
colliders [21]. 

How can we best obtain new states of matter or produce sudden changes in mass 
and energy from an old world to a new world (universes)? At an angle of 0 < θ < 
180, the shear stress modulus in Equation (10) is positive. At an angle of 180 < θ < 
360, the shear stress modulus is negative. To achieve the maximum mass-energy  

density, the collision angle should be 90 degrees when sin sin 1
2

θ π = = 
 

. The 

maximum mass-energy density when two energetic particles collide orthogonal-
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ly is, 

( ) ( )2 2
p p e em v m vτ σ= ⋅ .                    (11) 

In 1986, the famous Chinese painter Li Keran created a Chinese painting for 
Lee Tsung-Dao, winner of the 1957 Nobel Prize in Physics, entitled “Nucleons 
are as heavy as ox, and collisions generate new states”. The sculpture is now 
placed in the center of the Tsinghua University Science Park Square in Beijing, 
China. Nucleons refer to high-speed photons and electrons. The collision of two 
oxen on the sculpture shows the traditional head-on collision of high-energy 
particles, not the orthogonal collision that can generate a new state of matter in 
Equation (11). 

Under the mass-energy density generated by the orthogonal collision of two 
old high-speed particles, lots of new high-energy particles (plasma or photoelec-
trons) are formed there. Half of these new particles are concentrated in the area 
σ, and the other half radiate outward. Half of the energy from the mass-energy 
density produced by two old particles and radiated outward is, 

( ) ( )2 2 2h p p e eE m v m v= ⋅ .                    (12) 

On the other hand, half of the N new particles are radiated outward. The mass 
of each new particle radiating outward is m and its velocity is c. Thus, the total 
energy radiated outward by half new particles is, 

2
hE Nmc= .                         (13) 

The energy of each new particle or photoelectron is, 

( ) ( )2 2 2
p p e eE mc m v m v N= = ⋅ .                 (14) 

The left side of Equation (14) represents the energy E of a new particle or 
photoelectron, and the middle side indicates the mass m, velocity c, momentum 
mc, and energy mc2 of the new particle or photoelectron. The meaning of rela-
tion between mass and energy 2E mc=  in Equation (14) is entirely different 
from the Einstein’s mass-energy equivalence in his 1905 paper [18]. His mass- 
energy equivalence was speculated from the mathematical derivation of special 
relativity based on the Lorentz transformation of two coordinate systems [20]. 

The right side represents the mass pm  ( em ), velocity pv  ( ev ), momentum

p pm v  ( e em v ), and energy 2
p pm v  ( 2

e em v ) of an old photon or particle (electron), 
respectively. Although there is no exchange of information between the two 
worlds (universes), the mass-energy relationship between them is certain. These 
quantities are all fundamental quantities in traditional physics but reflected in 
two different worlds (universes). It means that conventional physical quantities 
can be used equally in both the old and new worlds (universes). However, there 
is no correspondence in physical quantities between old and new worlds (un-
iverses). This notation, “ = ”, which is not an equal sign, indicates that there is a 
conversion of mass to energy in the collision process from the old world (un-
iverse) to the new world (universe). The collision during the conversion pro-
duces a new particle number N, which needs to be determined. In the old and 
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new worlds (universes), each of these physical quantities is individually counta-
ble, which means quantum. But the N number can vary from 0 to N, depending 
on factors such as different collision angles between photons and electrons and 
collision environments. Thus, Equation (14) physically reveals a dynamical model 
of the photoelectric effect process. 

Based on Figure 1 and the above theory, we can give an experimental setup 
and procedures for the orthogonal interaction between photons and electrons. 
Step 1 is to choose a clean and flat metal plate that knows the atomic composi-
tion of the substance. Step 2 is to make an arc-shaped light hood using the length 
from point H to position pe in Figure 1 as the radius. We only detect the energy 
of photoelectrons because the position, mass, and momentum of photoelectrons 
are difficult to measure. A simple experiment is to have photons hit point H in 
Figure 1 at different angles and measures the maximum energy position of 
photoelectrons on the arc-shaped light hood for each α angle. Theoretically, this 
position is determined and its angle (the angle between the A-H and H-pe lines) 
is α+90 degrees. 

4. The Physical Essence of the Photoelectric Effect 

Through the mathematical description of the dynamic process of the photoelec-
tric effect, we understand that there are many particle collision possibilities and 
different particle collision effects. We start by considering an environment of 
optimal particle collision. In Equation (14), the energy E of a new particle or a 
photoelectron can be measured, but the measurement of mass m and momen-
tum mc is difficult. For two original particles, their energies of photon and elec-
tron are known, but their mass and momentum are also difficult to measure. In 
the theory of quantum mechanics, there is an uncertainty principle, but there is 
no mention and distinction between the measurement of particle mass, velocity, 
and momentum in the old and new worlds. Energy is a measurable large number 
which is multiplied by mass and velocity squared. If the energy of old and new 
particles can be measured, then the best effect of photon and electron collisions 
should be a large number of new particles N. The number of new particles, N, 
can be estimated, and the key is to know the environment in which the collision 
occurs. As the angle of collision between photon and electron changes and is 
uncertain, there is also uncertainty in the estimation of the number N for the 
new particles produced. 

In Figure 1, the flatness and cleanliness of the metal surface, the material 
composition of the plate, the angle of incidence of photons, and the environ-
ment in which photons are incident are all surface (macro) factors that affect the 
photoelectric effect. In the theoretical descriptions of Planck and Einstein, in 
experimental detections, and in many textbooks of physics, the description of 
the photoelectric effect does not consider the number N of new particles or 
photoelectrons that appear in Equation (14). In theoretical research, one can 
consider as a most ideal or best surface situation. If the velocity of the new par-
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ticle is, 

c fL= .                           (15) 

where L is the wavelength of the new particle. From the new particle velocity in 
Equation (15), the Planck-Einstein relation in Equation (6) and the new particle 
energy 2E mc=  in Equation (14), the Planck constant can be obtained as, 

2h mL f mLc= = .                      (16) 

This result shows that the Planck constant is not a universal constant, nor is it 
Einstein’s composite constant. It is the product of the mass m, length L, and ve-
locity c of the particle. It reflects the three basic features of matter in physics: 
mass, scale, and motion. For energetic particles, all three quantities are difficult 
to be measured. Therefore, the Planck constant, which has a physical meaning, is 
also difficulty to be determined. It is no wonder that Planck and Einstein gave 
different constants. Since the first measurement to determine the Planck con-
stant is based on the photoelectric effect, however, the values obtained so far 
have exhibited a large uncertainty [22]. 

In Figure 2, the motion of two particles before the collision is wave-like form, 
but the collision is in the form of two particles. In Equation (16): particle mass m 
is the physical object; particle frequency f is in wavering form, not matter, and is 
an equivalent to energy. Therefore, at the micro scale of particles, Figure 2 and 
Equation (16) fully reflect the characteristics of wave-particle duality during par-
ticle collision. 

In Figure 1 and Figure 2, what elements (atoms) are the metal composition of 
the plate? Is it a pure metal, or a synthesis of different metals? Are metals or oth-
er materials contaminated (e.g., oxidized)? What is the speed (vector) of electrons 
in metal atoms rotating around the nucleus and what is the collision angle be-
tween photon and electron? These aspects affect the total number N of new par-
ticles or photoelectrons generated, and whether measurable new particles escaping 
out after a collision can be formed, or whether it becomes a thermal phenomenon 
of the metal plate after the collision, that is, the relaxation process. 

For the theoretical research, a collision of the above two high-speed (high- 
energy) particles occurs on the metal surface or in a shallow layer, forming the 
photoelectric effect. The actual photoelectric effect can be observed from the in-
teraction of lots of photons with lots of electrons. If an interaction of high-velocity 
particles occurs in a vacuum, it can form lots of micro synthetic cosmological 
phenomena, such as black hole events. At the cosmic and macro levels, black 
holes to those that appear in the central part of the Milky Way are structurally 
like super typhoons (hurricanes), although they differ in scale [23]. The four 
spiral nebula belts around the center of the Milky Way and the four-spiral 
cloudy-rain belts around the super typhoon converge to the center, forming an 
orthogonal collision (or convergence) of the four material belts. The shear stress 
of their orthogonal collision not only forms a high-density concentration of 
mass and energy, but also a spiral ejection of new material in the two directions 
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of poles perpendicular to the material convergence plane. These polar jets per-
pendicular to the accretion disk form outside the black hole’s event horizon. The 
event horizon of a super typhoon is the wall of cloud and rain around the eye of 
the typhoon. Typhoon vertical jets are the sinking air flows in the eye area and 
the updraft air flows along the ring cloudy-rain wall. They form vertical convec-
tion inside the super typhoon. 

In the Earth’s atmosphere, typhoons belong to large-scale weather systems, 
while tornadoes belong to small-scale weather systems. Tornadoes also develop 
under the orthogonal collision of the surrounding environment disturbance air 
flows [24]. The vertical ascending and sinking air flows in the center of the tor-
nado is perpendicular to the directions of the environmental disturbance air 
flows. A large object, such as a house and a tree, enters a tornado “black hole” 
and is smashed and thrown high into the upper air. Our universe structure spans 
from micro scales such as the Planck-scale black hole to cosmic scales such as 
astronomical black holes. Einstein initially proposed the idea of electron black 
hole which is a micro universe. The electron black hole considered has a Planck 
length horizon and spin electromagnetic jets [25]. 

In astronomy, many cosmic and macro phenomena are also the aggregation 
products or results of orthographic collisions of micro energetic particles. The 
auroras observed over the polar regions of planets and moons in the solar system 
are optical phenomena formed by the orthogonal collision between energetic 
particles ejected by solar storms and ionospheric ions in the planet’s (satellite) 
atmosphere during sunspot activity [26]. During a total solar eclipse, the ob-
served gravitational lensing effect is an orthogonal collision between solar par-
ticles and alien star particles, resulting in an optical phenomenon [27]. 

The phenomenon of particles colliding to form new states of matter can be 
found in daily life and in nature. An example is the triboelectric effect. Triboe-
lectric is when two particles interact to produce new particles with unlike charges. 
New particles are divided into positive and negative charges which can be ex-
plained by both directions of shear stress. Continuous collision of particle beams 
with multiple angles, especially orthogonal collision, will accumulate heteroge-
neous charges on two adjacent carriers. In this way, an electric potential, i.e., an 
energy difference, is formed between the two carriers. Lightning in an atmos-
pheric storm is a discharge phenomenon caused by the electric potential differ-
ence between two adjacent cloud bodies. The two forms of motion of matter in 
nature are inertia and collision. The inertial motion (potential energy) is changed 
only during a collision (change in momentum). Force is needed to change the 
inertial motion. 

The theory of orthogonal collision can be used to explain not only the pho-
toelectric effect but also many natural phenomena occurred in cosmic, macro, 
and micro aspects. This theory can also promote the development and applica-
tion of quantum mechanics. Quantum entanglement and nonlocality are a pecu-
liar phenomenon in quantum mechanics. When two or more particles are en-
tangled, their states are closely related, no matter how far apart they are. For 
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example, in new particles formed after the orthographic collision of old particles, 
their spin direction and polar jet direction, as well as charge of particles, are 
completely different from those of old particles, but the new particles (new par-
ticle swarms) have statistical similarities between them, no matter how far apart. 
People call this phenomenon as quantum entanglement. 

The current state of motion of planets and moons in the solar system is traces 
(products) left after an orthogonal collision. The pre-collision material informa-
tion is all gone. In the Earth-Moon system motion relationship, one side of the 
Moon rotation always faces the Earth, like other moons orbited and faced to 
their planets. Different planetary systems that are more distant away are also en-
tangled because their similar characteristics. Multiple tornadoes that form in a 
hurricane (typhoon) or a cyclone can also become statistically entangled, al-
though they are far apart. The new state of matter after the orthogonal collision 
and the two original particles are no longer an event happened in the same 
world, but the physical features of new particles have many similarities. Such si-
milarities appear to be quantum entanglement or disappear through other in-
fluences. Some phenomena in quantum mechanics occur with statistical proba-
bility, such as quantum entanglement and quantum decoherence. These pheno-
mena in quantum mechanics are not found in classical mechanics. Similarly, the 
phenomena that occur in the result of orthogonal collisions do also not occur in 
conventional mechanics. 

The origination of quantum mechanics is mainly based on the statistical ma-
thematics, which was limited by understanding the essence of the photoelectric 
effect and applying the method of combination of physics and mathematics. 
Philosophically, Einstein long believed that things in the universe could be de-
termined and predicted. Therefore, quantum mechanics should also be physi-
cally based on deterministic mathematics from a micro perspective, except it is 
limited by detection technology. Cosmographically, the transformation between 
the two worlds is long, such as the formation of the solar system. Synoptically, 
the transformation of the two worlds is visible, such as the formation of a 
weather storm. Microscopically, the transformation between the two worlds is 
rapid, such as the photoelectric effect and Planck-scale black holes. For all three 
space scales, their transformation (collision) is faster than their inertial motion. 
The development of quantum mechanics requires mastering the worldview and 
methodology of the transformation of material worlds. 

5. Conclusions and Discussion 

The main conclusion of this article can be boiled down to the phrase “material 
orthogonal collision generates new physical states”. Its philosophical significance 
is that there is no exchange of information between the two worlds before and 
after the orthogonal collision. It reflects the shift from a gravitational worldview 
of Newtonian two-body world and Einstein many-body world to a matter iner-
tial worldview. The shear stress of orthogonal collisions reflects the methodo-
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logical formulation under the inertial worldview. The mass of an old particle can 
be converted into the energy of lots of new particles on one-way direction 
through orthogonal collisions. 

The photoelectric effect is a well-known phenomenon and a field widely used 
in daily life by modern people. This paper theoretically explains that the photoe-
lectric effect can produce photoelectrons escaping from the process of orthogon-
al collision between photons and electrons outside the nucleus. What escapes is 
many particles. The energy of the escaped particles has quantum properties and 
can be measured. The theory of orthogonal collisions between particles can be 
used to explain phenomena such as radioactive decay, scanning tunneling mi-
croscopy, and semiconductor devices. 

The new theory provides a definitive explanation for the uncertainty of par-
ticle statistics and wave functions in quantum mechanics. The statistical rela-
tionship between Planck and Einstein’s constants in the photoelectric effect is 
physically meaningful in nature, as it is the product of a particle’s mass, length, 
and velocity. It can explain experimentally observed wave-particle duality, as 
well as special quantum behaviors such as quantum entanglement, quantum su-
perposition, and quantum tunneling. It can predict various extreme events in the 
cosmic, macro, and micro worlds, such as “black holes” at their respective time- 
space scales. 

Some special and non-intuitive behaviors such as wave-particle duality, 
quantum entanglement, quantum superposition, and quantum tunneling are ex-
hibited in the motion of energetic particles. The motion of photons and elec-
trons is undoubtedly characterized by the properties of particles. At the same 
time, they in turn appear in the form of energy units. The alternation between 
kinetic energy and potential energy (magnetic energy) of mass particles during 
the propagation of inertial motion shows the basic wave-particle characteristics. 
The phenomenon of quantum entanglement is not only manifested in the micro 
particle world, but also in the cosmic and macro worlds. They manifest them-
selves as similarities to the overall motion characteristics (collective states) of a 
subsystem composed of multiple particles. Quantum entanglement is the intrin-
sic relationship formed between particles after orthogonal collisions. Only or-
thogonal collisions can produce new mass-energy densities and form the con-
version from the mass of original particles to new mass-energy density. So, such 
a huge amount of new particle energy can pass through the energy barrier. Lots 
of new particles are formed so that they can exist in multiple superposition states 
at the same time. The spin up and spin down, as well as the positive and negative 
charges of new particles, are the result of orthogonal collision shear stresses, 
without considering the wave function. These unique phenomena of the quan-
tum world do not go against people’s intuition and can correctly allow people to 
understand the principles of quantum mechanics. 

The photoelectric effect as an optical phenomenon has undergone a long-term 
process of understanding and a rapid process of experience summary. The ex-
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ploration of the photoelectric effect began two centuries before the beginning of 
the 20th century, since the notably famous double-slit experiment in 1803. At the 
beginning of the 20th century, Planck and Einstein quickly used statistical me-
thods to establish a mathematical relationship between particle energy and par-
ticle frequency. This statistical-mathematical relationship does reflect the intrin-
sic linkage between two physical quantities existed in the photoelectric effect. 
Although the statistical relationship between energy and frequency is estab-
lished, the phenomenon of wave-particle duality in light propagation has not 
been physically explained. For a long time, neither wave dynamics nor quantum 
mechanics in quantum physics fully explain wave-particle duality. So, different 
theories and schools of thought have emerged and argued. 

For more than a hundred years, the true value of Planck constant that people 
have been searching for is limited by the difficulty of measuring these three 
physical quantities which is referred as the uncertainty principle. The energy and 
direction of motion of a new particle are completely different from an old par-
ticle. Depending on the angle of collisions, new particles can appear in different 
rotational states with opposite (left and right) spins. The two directions of mo-
tion of new particles are perpendicular to the plane of collision of old particles 
and can form opposite charges. The six basic quantities in physics: mass, posi-
tion, momentum, energy, spin, and charge, all appear in the dynamics of ortho-
gonal collision for explaining the photoelectric effect in this paper. The ortho-
gonal collision of two energetic particles yields the largest mass-energy density, 
while the mass-energy density of head-on collisions and rear-end collisions is 
zero. 

The dynamics of the orthogonal collision of two particles can be used to ex-
plain many phenomena that occur in cosmic, macro, and micro interactions of 
matter motion. On cosmos scale, it can explain the black hole phenomenon and 
internal structure of cosmic celestial bodies, can explain the aurora phenomenon 
at the poles of the Earth, and can explain the gravitational lensing effect around 
the Sun during a total solar eclipse. At the macro scale, it can explain the dy-
namics of superstorms such as typhoons (hurricanes) and tornadoes in the in-
ternal structure and formation of meteorological disasters. At the micro scale, it 
can explain the phenomenon of Planck-scale black holes, the entanglement 
phenomenon between newborn particles, and the wave-particle duality of the 
movement of high-energy particles. The dynamic explanation of these particle 
collision phenomena does not distinguish between the relativistic high-speed 
motion of particles and the low particle speed of Newtonian mechanics. 

Just as the statistical relationship between particle energy and particle fre-
quency in the photoelectric effect was established, the research at that time led to 
the birth of quantum mechanics. Quantum mechanics should develop from its 
original statistical manner to current dynamical manner. The dynamics of gene-
rating new states of orthogonal interactions of matter (new particles) can not 
only fully explain the photoelectric effect but can also contribute to the devel-
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opment of theoretical quantum mechanics with mathematical and physical sig-
nificance. In terms of application, it will accelerate the development of new de-
tection instruments, optoelectronic equipment, including quantum computers. 
Orthogonal collisions can produce new things and can also cause the most se-
rious disasters. After correctly grasping the dynamical principle of orthogonal 
collision, it can benefit and avoid disadvantages for human development. 

Planck and Einstein and others derived the concept of quantum when study-
ing the photoelectric effect and developed quantum mechanics. Later, Einstein 
developed the general theory of relativity. As a result, general relativity and 
quantum mechanics became the two basic theories of physics, each of which 
could explain and predict many phenomena in the cosmic and micro worlds. 
But unifying these two theories has become a theme and a problem in contem-
porary physics. The basic assumptions and mathematical frameworks of the two 
theories are different. Space-time and mass-energy in general relativity are con-
tinuous, while micro particle states in quantum mechanics are discrete. For the 
world description, the former used the complex geometric mathematics instead 
of Newtonian simple statistical gravity, and the latter used statistical relations 
and wave functions to mask the physical nature of the photoelectric effect. 

This paper argues that a unified theory of physics requires a new worldview 
and methodology. This new worldview is that the motion of matter (particles) in 
the universe follows inertia. The methodology is that orthogonal collisions of 
matter (particles) from the old world can produce the mass-energy density of the 
new world. Matter (particle) information in the old and new worlds is not ex-
changed. The motion of matter (particles) in the new world has new inertia, sa-
tisfying the relationship of all members relative to their subject object as de-
scribed by the general relativity equation. The unified theory can exhibit special 
quantum behaviors such as wave-particle duality, quantum entanglement, 
quantum superposition and quantum tunneling. This new theory can unify gen-
eral relativity and quantum mechanics. At the same time, this new theoretical 
framework can predict various extreme events in the cosmic, macro, and micros 
worlds, such as “black holes” at their respective scales. 

Acknowledgements 

The author wishes to thank Drs. Han, F. and Qian, H. M. for improving this pa-
per’s expression and discussion, as well as the anonymous reviewer for construc-
tive suggestions which have improved the paper. This work was supported by 
the innovative R&D project in Guangdong Province in China (2019ZT08G669) 
and the National Natural Science Foundation of China (Grant Number: 
41775067). 

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this pa-
per. 

https://doi.org/10.4236/jamp.2023.116104


W. H. Qian 
 

 

DOI: 10.4236/jamp.2023.116104 1596 Journal of Applied Mathematics and Physics 
 

References 
[1] Halliday, D., Resnick, R. and Walker, J. (2013) Fundamental of Physics. John Wiley 

& Sons, Inc., Hoboken. 

[2] Serway, R.A. and Jewett, J.W. (2018) Physics for Scientists and Engineers. Cengage 
Learning, Boston. 

[3] Asimov, A. (1964) Asimov’s Biographical Encyclopedia of Science and Technology. 
Doubleday, New York. 

[4] Robert, B. and Deborah, J.W. (1998) Instruments of Science: An Historical Encyc-
lopedia. Routledge, London. 

[5] Hertz, H. (1887) Ueber einen Einfluss des ultravioletten Lichtes auf die electrische 
Entladung. Annalen der Physik, 267, 983-1000.  
https://doi.org/10.1002/andp.18872670827 

[6] Hertz, H. (1887) Ueber sehr schnelle electrische Schwingungen. Annalen der Phy-
sik, 267, 421-448. https://doi.org/10.1002/andp.18872670707 

[7] Planck, M. (1901) Ueber das Gesetz der Energieverteilung im Normalspectrum. [On 
the Law of Distribution of Energy in the Normal Spectrum]. Annalen der Physik, 
309, 553-563. https://doi.org/10.1002/andp.19013090310 

[8] Lenard, P. (1902) Ueber die lichtelektrische Wirkung. Annalen der Physik, 313, 
149-198. https://doi.org/10.1002/andp.19023130510 

[9] Einstein, A. (1905) Über einen die erzeugung und verwandlung des lichtes betref-
fenden heuristischen gesichtspunkt. [On a heuristic point of view about the creation 
and conversion of light]. Annalen der Physik, 322, 132-148.  
https://doi.org/10.1002/andp.19053220607 

[10] Holton, G. (1999) Centennial Focus: Millikan’s Measurement of Planck’s Constant. 
Physical Review Focus, 3, 23. https://doi.org/10.1103/PhysRevFocus.3.23 

[11] Millikan, R.A. (1914) A Direct Determination of Planck’s “h”. Physical Review 
Journals Archive, 4, 73-75. https://doi.org/10.1103/PhysRev.4.73.2 

[12] Kragh, H. (2000) Max Planck: The Reluctant Revolutionary. Physics World, 13, 
31-36. https://doi.org/10.1088/2058-7058/13/12/34 

[13] Hund, F. (1927) Zur Deutung der Molekelspektren. I. Zeitschrift für Physik, 40, 
742-764. https://doi.org/10.1007/BF01400234 

[14] Schrödinger, E. (1926) Quantisierung als Eigenwertproblem. Annalen der Physik, 
79, 361-376. https://doi.org/10.1002/andp.19263840404 

[15] Born, M. and Jordan, P. (1925) Zur Quantenmechanik. Zeitschrift für Physik, 34, 
858-888. https://doi.org/10.1007/BF01328531 

[16] Dirac, P.A.M. (1930) The Principles of Quantum Mechanics. Oxford University 
Press, Oxford. 

[17] Isaacson, W. (2007) Einstein: His Life and Universe. Simon & Schuster Paperbacks, 
New York.  

[18] Einstein, A. (1905) Does the Inertia of a Body Depend Upon Its Energy-Content? 
Annalen der Physik, 323, 639-641. https://doi.org/10.1002/andp.19053231314 

[19] Engels, R., Buscher, M., Buske, P., et al. (2020) Exploiting the Planck-Einstein Rela-
tion. arXiv: 2010.13690.  

[20] Qian, W.H. (2023) A Physical Interpretation of Mass-Energy Equivalence Based on 
the Orthogonal Collision. Journal of Modern Physics. 

[21] Qian, W.H. (2022) Orthogonal Collision of Particles Produces New Physical State. 

https://doi.org/10.4236/jamp.2023.116104
https://doi.org/10.1002/andp.18872670827
https://doi.org/10.1002/andp.18872670707
https://doi.org/10.1002/andp.19013090310
https://doi.org/10.1002/andp.19023130510
https://doi.org/10.1002/andp.19053220607
https://doi.org/10.1103/PhysRevFocus.3.23
https://doi.org/10.1103/PhysRev.4.73.2
https://doi.org/10.1088/2058-7058/13/12/34
https://doi.org/10.1007/BF01400234
https://doi.org/10.1002/andp.19263840404
https://doi.org/10.1007/BF01328531
https://doi.org/10.1002/andp.19053231314


W. H. Qian 
 

 

DOI: 10.4236/jamp.2023.116104 1597 Journal of Applied Mathematics and Physics 
 

Journal of Modern Physics, 13, 1440-1451.  
https://doi.org/10.4236/jmp.2022.1311089 

[22] Huang, J.W, Wu, D.S, Cai, Y.Q., et al. (2020) High Precision Determination of the 
Planck Constant by Modern Photoemission Spectroscopy. Review of Scientific In-
struments, 91, 045116. https://doi.org/10.1063/1.5129140 

[23] Qian, W.H. (2023) Identifying the Spatial Structure of Black Hole and Tropical 
Cyclone Based on a Theoretical Analysis of Orthogonal Interaction. Journal of 
Modern Physics, 14, 933-952. https://doi.org/10.4236/jmp.2023.146052 

[24] Qian, W.H., Leung, J.C.H., Luo, W.M., Du, J. and Gao, J.D. (2019) An Index of 
Anomalous Convective Instability to Detect Tornadic and Hail Storms. Meteorolo-
gy and Atmospheric Physics, 131, 351-373.  
https://doi.org/10.1007/s00703-017-0576-z 

[25] Akhavan, O. (2022) The Universe Creation by Electron Quantum Black Holes. Acta 
Scientific Applied Physics, 2, 34-45. 

[26] Qian, W.H. (2023) A Physical Explanation for the Formation of Auroras. Journal of 
Modern Physics, 14, 271-286. https://doi.org/10.4236/jmp.2023.143018 

[27] Qian, W.H. (2023) On the Physical Nature of Einstein’s Gravitational Lensing Ef-
fect. Journal of High Energy Physics, Gravitation and Cosmology, 9, 383-399.  
https://doi.org/10.4236/jhepgc.2023.92026  

 
 

https://doi.org/10.4236/jamp.2023.116104
https://doi.org/10.4236/jmp.2022.1311089
https://doi.org/10.1063/1.5129140
https://doi.org/10.4236/jmp.2023.146052
https://doi.org/10.1007/s00703-017-0576-z
https://doi.org/10.4236/jmp.2023.143018
https://doi.org/10.4236/jhepgc.2023.92026

	On the Physical Process and Essence of the Photoelectric Effect
	Abstract
	Keywords
	1. Introduction
	2. Traditional Explanation on the Photoelectric Effect
	3. The Dynamical Process of the Photoelectric Effect
	4. The Physical Essence of the Photoelectric Effect
	5. Conclusions and Discussion
	Acknowledgements
	Conflicts of Interest
	References

