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Abstract

The compatibility between quantum mechanics and classical mechanics is always worth discussing. According to
F=ma, the Schrödinger equation (SC) can be derived. Important classical physics formulas can be derived from the SC.
The SC intuitively contains the mass m and the potential energy formula (this quality m can be large enough to enter the
macro range and the potential energy comes from classical attraction). These three points determine that the SC is an
organic combination of wave functions and classical mechanical laws. Based on this, it can be predicted that the SC,
which can be used to describe macroscopic objects, can be established. It can be observed from the experiment of
electron diffraction in a magnetic field that the volatility and property of moving electrons can be presented
simultaneously. This experimental phenomenon, together with the mathematical analysis mentioned above, supports the
conclusion that Newton's second law still applies in the microscopic world. According to the SC, it can be proven that
"the energy of a moving particle described by the law of waves is equivalent to a multiple of its kinetic energy"; There is
no absolute boundary between macro and micro.

Keywords: Schrödinger equation, Quantum mechanics, Classical mechanics, Organic combination, Electron diffraction
experiment in magnetic field.

1. Introduction

From a mathematical perspective, the mass m in the Schrödinger equation can be so large that the described object

is a macroscopic object. The Schrödinger equation directly uses the potential energy function V=− �
�

or V=− �th
�

related to force in classical mechanics formulas. This indicates that the fundamental equation of quantum mechanics, the
Schrödinger equation, cannot completely exclude classical mechanical formulas. However, scientists in the field of
quantum mechanics have opposed quantum mechanics to classical mechanics (considering them incompatible). The
reason and source of their persistence and confidence lie in directly ignoring the fact that the Schrödinger equation
directly combines the differentiation of classical potential energy functions and wave functions, as well as the
compatibility effect between "classical" and "quantum" brought about by the large range of mass m in the Schrödinger
equation, and only emphasizing that F=ma is not applicable in microscopic systems. However, we have found multiple
reasons to suggest that they are compatible (It is possible to derive the Schrödinger equation that contains gravitational
potential energy and can describe macroscopic objects.1,2,3,4,5 quantum mechanics and classical mechanics can be
combined for use).

The theoretical reason is that the fundamental equations of classical mechanics can be derived from the Schrödinger
equation. Conversely, starting from F=ma, the Schrödinger equation can be derived. This seems to undermine the
confidence of orthodox quantum mechanics. Also, mathematical methods cannot determine a finite upper limit for the
mass m in the Schrödinger equation. This mass m is the mass of the object described by the Schrödinger equation. When
its value is large enough, it is a macroscopic object that follows the laws of classical mechanics. Therefore, the
Schrödinger equation itself is a fundamental equation of wave mechanics that can describe both microscopic particles
and macroscopic objects.



Through electron diffraction experiments under magnetic field interference, it can be clearly observed that the
electron beam during the diffraction process can move laterally for a certain distance under the action of Lorentz force,
and the diffraction pattern will deform but not disappear. We can fully explain this experimental phenomenon as follows:
in the absence of quantum decoherence, the lateral acceleration of an electron is related to the force acting on it (the force
acting on an object can cause acceleration. This is one of the qualitative descriptions of F=ma). This also proves through
a simple, practical, and unambiguous experimental method that the wave and particle properties of electrons can be
simultaneously maintained and presented (Complementarity is not necessary). This is also simultaneously proving that
methods for describing fluctuation and methods for describing particle properties are compatible. The key is that other
prophecies can also be made based on the above facts. For example, cassical mechanics can be combined with quantum
mechanics for use. Even in the microscopic world, 'quantum mechanics theory and methods are not in an absolute
dominant position'. And we can use some computational examples to verify these predictions 6,7,8 (especially the
prediction that 'quantum mechanics and classical mechanics can be used together to describe the same object').

As mentioned above, the mathematical physical logic analysis and experimental facts jointly prove that the
Schrdinger equation itself cannot limit our use of classical mechanical formulas in the microscopic field. The “limitations”
mentioned here stem from the interpretation of quantum mechanics, which is determined by subjective factors. This
research achievement can have a serious impact on the existing interpretation system of quantum mechanics. This kind of
impact will inevitably affect the theory and methods of quantum mechanics. In fact, there have been numerous events
questioning quantum mechanics, especially its interpretation. 9,10,11 The phenomenon of supports the conclusion of this
article. Although this article is relatively short, it contains a great deal of innovation and information. It is estimated to
arouse great interest from scholars who are experts.

2. F=ma Mutual Conversion with Schrödinger Equation

This operation process and result can reveal the essence and function of the Schrödinger equation. This section is a
visual demonstration of the issues referred to in the title of this article, especially section 2.3.

Nowadays, it is widely believed that the classical mechanical law F=ma, which is important in the microscopic
world or in the theoretical system of quantum mechanics, is not applicable. Another point is that everyone believes that
the Schrödinger equation is written by Schrödinger based on intuition and cannot be derived (i.e., cannot be derived
based on axioms or fundamental principles of physics). If we use logical deduction to "derive the Schrödinger equation
based on F=ma" (and/or vice versa: derive F=ma from the Schrödinger equation, such as classical mechanical equations),
it will definitely surprise all physicists.

2.1. Derive classical mechanical formulas such as F=ma from the Schrödinger equation

We first derive F=ma from Schrödinger. A simple form of the Schrödinger equation is
��� � ��. (1)

When using operators to handle the wave function used in the Schrödinger equation, the following relationship can be
used.

� �� ��� = ��������
�
. (2)

According to Eqs. (1) and (2), it can be inferred that

�� ��� ,�� ��� � � ��� ���� − � ����� ����� (3)

Among which
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For �� in Eqs. (1) and (2), take � �� ��� �� =iℏ � ���� �
����
. According to the laws of union and distribution, we have
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According to e the relationship above, it can be concluded that
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（ In the Eq. (7), �� and �� are operators of kinetic energy and potential energy, respectively (�� is the same as its

potential energy function).
Considering Eq. (4) again, we have

�� ��
��
���

�� =2 � �� � . (8)

Using the average value table of quantity B, Eq. (8) can be written as

� ��
��
���

� =2 �� . (9)

When we use Cartesian coordinates to represent the potential energy V, for a single electron system, we have

V=Z�� �
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So, it can be concluded that � ��
��
���

� � �. That is,

2 � ＝ � ． (11)

Eq. (11) is the relationship between the absolute values of kinetic energy and potential energy in a bound state system. Its
simple form can be written as 2 � = � . Strangely, 2T=− � also holds true and can more accurately represent the Viry
theorem: kinetic energy and potential energy have opposite signs, and kinetic energy is only half of potential energy.
From the derivation process above, it can be seen that Eq. (11) is only a relationship between the magnitude of kinetic
energy and potential energy. If both size and symbol relationships are considered simultaneously. The Viry theorem must
be written as

2T=−V. (12)

The so-called steady state that does not change with time refers to objects that have uniform linear motion or



uniform circular motion under certain conditions. As we all know, the Viry theorem holds in the steady-state bound
system described by the Schrödinger equation. A free object that maintains uniform linear motion does not comply with
Viry's theorem. Therefore, in theory, it can be considered that a system described by the Schrödinger equation that
conforms to the Viry theorem can be an object undergoing uniform circular motion. In this case, regardless of whether
the microscopic system that can be described by the Schrödinger equation is a bound state uniform circular motion
system, steady state refers to the energy state and motion state of the object that do not change with time. In the existing
mathematical system of quantum mechanics, using the Schrödinger equation is equivalent to assuming that the Viry
theorem holds. In classical mechanics, the system in which the Viry theorem holds is a constrained system with uniform
circular motion. Logically speaking, the system that acknowledges the validity of the Viry theorem must be a planetary
model system undergoing uniform circular motion, and is not affected by the size of the system (i.e., this is the case for
both macroscopic and microscopic systems). Denying this kind of cognition appears to be very imprecise (in other words,
denying this cognition seems argue irrationally and too subjective).

In quantum mechanics, people unconditionally acknowledge the Viry theorem. It does not exclude the expressions
for T and V here (i.e., it does not exclude that these two energy expressions can be connected using the Viry theorem).
Anyway, in both classical mechanics and quantum mechanics, the Viry theorem holds, and the expressions for kinetic

and potential energy are also the same. They are T= �
�
h��= ��

�h
and V=− �th

�
. We use the Viry theorem without any

mental burden. Substituting T=�
�
h��=�

�

�h
and V=− �th

�
into Eq. (12), we can obtain

h�� � �th
�
. （14）

Divide both sides of Eq. (14) by r and consider that a=h ��

�
and � =�th

��
(in Newton's Second Law, F is a resultant

force, and its direction and the direction of the acceleration caused by it are determined by ��� . Therefore, m h ��

�
and

�th
��

directions are consistent and can take the same symbol), and Eq. (14) becomes

ma=F. (15)

Let G= � �� � ��� ，so

��
��
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Here, G= � �� � ��� ，��
��
� �� V= ��� � ��� , T=− ሺ�/ݕ� ��� � ��� . For the case of a single particle orbiting the nucleus, the

relevant formulas above can be simplified as

T+V=E, (17)

Or 2T=−V. Comparing these two equations representing the Viry theorem, it can be concluded that



� �−E. (18)

We can at least say that F=ma, 2T=−V, T+V=E, p=mυ, V=Fr, T=(1/2) m�� can all be derived from specific Schrödinger
equations that contain de Broglie relations. Even if we obtain F=−ma instead of Eq. (15), it still holds significant
importance.

Generally speaking, the inverse process of mathematical derivation also holds true. The inverse process of the above
derivation is the process of deriving the Schrödinger equation from Newton's law F=ma. Since F=ma is a classical
mechanical formula, classical mechanical methods can be used throughout the entire process of deriving the Schrödinger
equation from it. This makes the derivation process much simpler. However, in this guidance process, the relationship of
m�� � �� is required. We have to deduce this relationship first. The process by which Schrödinger wrote the Schrödinger
equation is not called a derivation process. The reason is that he cannot explain why wave functions are used. In fact,
there is no need to explain this point mathematically. We just need to be grateful that we can get the correct result after
using the wave function.

2.2. The relationship between the wave energy of a moving particle and the particle energy

The wave function of a one-dimensional moving particle in a straight line can be written as

� ��� � ��
− �
ℏ ��−�� . (19)

In the Schrödinger equation, there is a term − ℏ�

�h
��

���
� . We use slightly different methods to calculate its value.

Considering Eq. (19), the calculation result of this term is − ℏ�
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Write the wave function in the form of ψ(x,t)=A −���ሺ��−�/ݕ� . Considering that λ=h/p and E=hν, calculate the term
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different expressions of the same equation. So, �
�
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. By organizing this relationship equation (with only

positive square roots), we can obtain

m�� � ��. (20)

By substituting the de Broglie wave relationship λ=h/mυ into Eq. (20), we can organize it to obtain

� � ��. (21)

The left side of Eq. (20) represents energy expressed using classical particle laws (it has twice the kinetic energy), while
the right side represents energy expressed using wave laws. These two energy expressions are aimed at the same moving
particle. Eq. (21) is the relationship between the phase velocity and frequency of de Broglie waves.

If Eq. (19) is the wave equation of the de Broglie wave of a moving particle, then the relationship of c=λν cannot be
used in it or in its differential results. If Eq. (19) is not considered to be the wave equation of the de Broglie wave, then
the de Broglie wave described by the Schrödinger equation is not consistent with the wave (noumenon) of the wave
function ψ in the Schrödinger equation, and using the Schrödinger equation cannot calculate the correct energy value of
moving particles. From this point of view (from a physics perspective), these two waves must be consistent. The
mathematical derivation results also support this point. It is frustrating that in the past, people believed that waves in
wave functions were quasi electromagnetic waves, while de Broglie waves were matter waves.

Eq. (20) is a very important relationship. The left side represents the particle-propertce energy of the described
object, while the right side represents the wave energy of the described particle. Both originate from the same differential



in the Schrödinger equation. This indicates that we can simultaneously or separately represent the energy of a moving
particle in two different ways (wave law and particle law), and they are quantitatively equivalent. This seems to indicate
that the waves of moving particles are the result of forming teams according to the rules under the influence of external
conditions of the particles. In other words, a moving particle exhibits two forms of energy without a time difference. Eq.
(20) can also indicates that the classical kinetic energy of a bound particle is half of the wave energy of its de Broglie
waves. Although the volatile and particle-properties of moving particles can be manifested simultaneously, the energy of
moving particles (i.e. the energy of de Broglie waves) is not the sum of particle energy and wave energy. This fact can be
explained as follows: the wave characteristics of moving particles are the result of their particle formation (i.e., the
statistical results of multi particle behavior). Simply put, individual moving particles are particles, while groups have the
characteristics of waves. It can be said that they are both particles and waves, not complementary. The experimental
results shown in Figure 2 can intuitively prove this point. Substituting Eq. (21) into the phase velocity formula υ=E/p

yields E=hν≠ h�
��� � ����. The phase velocity formula for de Broglie waves is

υ= hν/p. (22)

Eq. (22) can intuitively represent that the energy of the de Broglie wave of a particle moving at velocity υ is not the
total energy of the particle (i.e., the sum of kinetic energy and "energy equivalent to rest mass"). Artificially described by
wave patterns, its energy can be expressed in the form of hν, while artificially described by particle patterns, its kinetic
energy is (1/2)h��. Artificially selecting two different forms of homologous energy does not necessarily have to be equal,
let alone additive. The above analysis indicates that the de Broglie waves of moving elementary particles are not wave
groups but monochromatic waves, and the phase velocity is equal to the particle's motion velocity. Static particles do not
possess wave particle duality but only particle properties.

As mentioned above, a simple deduction analysis in this section yielded five conclusions: (1) The energy of moving
particles represented by wave laws is equivalent to the energy of particles represented by classical mechanics laws (the
two energy expressions of moving particles — wave energy expression and particle energy expression — are equivalent);
(2) The fluctuation characteristics of moving particles are the manifestation of particle queuing and the statistical result of
the photosensitive performance of individual particles; (3) The energy expression form determines that the wave energy
of the de Broglie wave of a moving particle is twice its kinetic energy of particle-property; (4) The essence of the wave
function in the Schrödinger equation describing a particle is its de Broglie wave (the two are consistent); (5) The de
Broglie wave of a moving particle (especially a fundamental particle) is a monochromatic wave rather than a wave group,
and its phase velocity is the velocity of the particle.

2.3. Derive the Schrödinger equation based on F=ma and classical mechanics methods

The purpose and effect of this action is to reveal the essence and function of the Schrödinger equation. It is the most
intuitive work of bring out the theme.

Nowadays, it is widely believed that one of the most important classical laws of mechanics, F=ma, does not apply in
the microscopic world or in the theoretical system of quantum mechanics. Another point is that everyone believes that the
Schrödinger equation is written by Schrödinger based on intuition and cannot be derived (not based on axioms or
fundamental principles of physics). If we derived the Schrödinger equation based on F=ma, it would surely surprise all
physicists.

Newton's second law states that the force required to accelerate an object is equal to the product of acceleration and
mass.

F=ma. (23)



In classical mechanics, Eq. (17) is a consequence of Viry's theorem for a system of uniform circular motion. In classical

mechanics, a definite uniform circular system satisfies both the virial law and F=m�� /r=ma. This allows us to use T= ��

�h
,

Eqs. (17) and (23) together.

The formula for kinetic energy in classical mechanics is T= ��

�h
. For an object in uniform circular motion, Eq. (23) can

be written as F=m��/�. Multiplying both sides of F=m��/� by (1/2)� , we can obtain (1/2)Fr=ሺ�/ݕ�h��=T. We can

also write the potential energy as V=Fr。Substituting (1/2)h��=T and V=Fr into Eq. (17) , we can obtain (1/2)h��+

Fr =E. We feel that using the code V to represent potential energy is more intuitive and can represent different
potential energies. Therefore, we write the classical mechanical formula (1/2)h��+Fr =E as

��

�h
+V=E. (24)

If all terms of Eq. (24) are multiplied by �, we can obtain �
�
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��

�h
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The process from Eq. (24) to Eq. (25) is the process of combining classical mechanics laws with wave functions.
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into Eq. (25), we can obtain
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Here, the operator of potential energy V and the operator of energy E can be taken in the same form as their expressions.
Therefore, Eq. (26) is the one-dimensional stationary Schrödinger equation. At this point, we have achieved the
Schrödinger equation, one of the fundamental equations of quantum mechanics, starting from F=ma in classical
mechanics and taking the planetary model as an example.

Even if the starting point of quantum mechanics is not the Schrödinger equation but the expression of unitary
evolution of states in Hilbert space, it cannot be denied that the above derivation and argumentation are valid. Because
using the Schrödinger equation is the most important fundamental method in quantum mechanics, and is also an
important component of quantum mechanics theory (mathematical formal system).

3. The Schrödinger equation has a composition and structure that directly accepts classical mechanics

. The above introduces the function of mining the hidden acceptable classical mechanical formulas in the Schrödinger
equation. This section points out that the composition and structure of the Schrödinger equation determine that it can
directly accept some classical mechanical formulas. We can also intuitively see from Eq. (26) that it contains the potential
energy function V (which can be V=−Z� /r or V=−GMm/r) and the mass m of the described object. Potential energy is
not an original existence, it originates from classical forces or field interactions. Since the Schrödinger equation cannot
eliminate the expression of classical potential energy, it does not completely reject the concepts and laws of classical
force and potential energy. The Schrödinger equation itself cannot deny that the range of values for the mass m can be
large enough to allow the object it describes to be a well-defined macroscopic object. The macroscopic system follows
the laws of classical mechanics (theories that describe macroscopic objects cannot exclude macroscopic laws, that is,
quantum mechanics cannot be completely opposed to classical mechanics). In reality, people believe that the fundamental



equations of quantum mechanics cannot describe macroscopic systems (or in other words, it is not suitable to discuss
classical mechanical laws in quantum mechanics). This is a subjective choice guided by the old notion that "quantum"
and "classical" are incompatible. Limiting the mass m in the Schrödinger equation to the microscopic mass range is also
a subjective choice (guided by the subjective consciousness of quantum and classical incompatibility).Limiting the mass
m in the Schrödinger equation to the microscopic range is also a subjective choice. This section discusses the reasons
why the Schrödinger equation itself does not exclude classical mechanical formulas, which can be seen in a more
intuitive way. Corresponding to the hidden "similar reasons" excavated earlier.

4. Electron diffraction experiment in magnetic field

This experiment can also be called an electron diffraction experiment under magnetic field interference. Place a
high-intensity permanent magnet near one end of the fluorescent screen of the working electron diffractometer and
observe the effect of the magnetic field on the electron diffraction pattern. The observed phenomenon is that the electron
beam that has passed through the slit has moved a certain distance in the direction of the Lorentz force (the diffraction
pattern can move as a whole), but the diffraction pattern has not disappeared (indicating that the quantum decoherence
process has not occurred. See Fig. 1 and Video 1 for details). This experimental phenomenon proves that in the absence
of quantum decoherence, Lorentz force causes transverse motion of the electron beam ("force acting on an object can
cause acceleration in the direction of force", which is one of the qualitative expressions of Newton's second law F=ma).
This experimental phenomenon supports the conclusion that 'F=ma still applies in the microscopic world'. From this
experimental phenomenon, it can be directly observed that the particle (particle property) and wave (volatile)
characteristics of moving electrons can be presented simultaneously. In other words, electron diffraction experiments
under magnetic field interference show that the particle and wave characteristics of electrons during the diffraction
process are presented simultaneously (similar to the simultaneous presentation of water and water waves).The two
expressions of the energy of moving particles can be converted into each other. That is to say, for a moving particle, the
energy expressed by the wave law is equivalent to the energy expressed by the particle characteristics. We cannot add up
the values obtained from the two expression methods. This situation is very similar to quality and energy.

Fig. 1. The result of using magnetic field to interfere with

electron diffraction. The electron beam moves laterally along

the direction of force, causing diffraction fringes to deform and

move as a whole, but not disappear. During the diffraction

process, electron rays can exhibit both particle characteristics

and wave law simultaneously.

The experimental phenomenon shown in Fig. 2 was completed by previous researchers.
References. The experiment shown in Fig. 1 was completed by the author of this article. Interested readers can complete
the repeated experiment within a few minutes.



Fig.2. The diffraction pattern formed by allowing electrons

to pass through a slit one by one. The relationship between

diffraction pattern and electron number indicates that the

diffraction pattern is synthetic. The experimental results

also indicate that both particle and wave characteristics can

be presented simultaneously.
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