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Abstract: Identity principle is a fundamental postulate of quantum mechanics. In this paper, from a
philosophical point of view, we revisit the identity principle of quantum mechanics. We attribute
the identity to the existence of a precision limit for observation: the microscopic objects become
indistinguishable when the difference between them is lower than the precision limit. This precision
limit is determined not by the measuring apparatus, but by the action quantum h behand the
objective physical law. We deduce logically how to relate the identity principle with the probabilistic
interpretation, uncertainty principle, quantization in quantum mechanics, attempting to sorting out
some logic for quantum theory. The indistinguishability of identical particles makes it impossible
to accurately obtain all the details about the microscopic objects at the same time, and consequently
the microscopic objects can only be described statistically, leading to the probabilistic determinism
and indeterminacy of initial state in quantum mechanics. By reviewing Bohmian mechanics, one of
the nonlocal hidden variable theories, we discuss the possibility of restoring determinism and
causality in quantum mechanics by restoring the determinacy of initial state. However, any hidden
variable theory constructed by using only the terminologies of classical physics cannot reproduce
the quantum mechanical predictions. It is the identity principle that makes it impossible to restore
causality and determinism, and is the root that makes quantum mechanics different from classical
physics. Finally, the boundary between the so-called classical and quantum worlds is discussed. We
hope these philosophical arguments can provide a kind of epistemic understanding for quantum
mechanics.

Keywords: identity principle; quantum mechanics; wave-function; precision limit; quantum
indeterminacy; hidden variable theories

1. Introduction

In 1900, Planck put forward the well-known formula for black-body radiation after studying the
energy distribution law of the black-body radiation spectrum: E=CA7°/(e”" -1) [1]. Shortly

thereafter, he gave the statistical physical derivation for the formula [2], surprisingly finding that
energy is a discrete quantity composed of an integral number of finite equal parts, and thereby
reluctantly defining the energy elements as ‘quanta’. Five years later, Einstein successfully explained
the photoelectric effect by introducing the hypothesis of light quanta (known as photons later) [3]. In
the following two decades, along with the proposal of Bohr's atomic model, the observation of
Franck-Hertz experiment, the discovery of Compton effect, etc., the quantum theory was gradually
recognized and accepted, which brought about drastic changes in physics. However, for the same
object, say light, two sets of completely different theories are needed to describe its different
phenomena, and both the theories are valid to a certain extent, making the divergence between
quantum theory and classical physics increasingly large. Compared with the mature classical physics,
the quantum theory at that time was still fragmented, lacking a solid foundation and rigorous logical
structure. From 1925 to 1926, Heisenberg, Born and Jordan established the matrix mechanics [4-6],
and Schrodinger established the wave mechanics [7-10], and therefore the mathematical formalism
of quantum mechanics was established. Since the birth of quantum mechanics, it has shown amazing
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ability in the qualitative explanation of general problems and the quantitative calculation of specific
problems.

Unlike classical physics, which is established through the generalization and summarization of
experimental phenomena and experience (a typical positivistic approach), the mathematical
formalism of quantum mechanics was fulfilled prior to its interpretation. At the beginning of the
establishment of quantum mechanics, some non-logical terminologies, such as wave-function and
operator, were introduced. These non-logical terminologies have no empirical meaning except that
they imply physical content in the formalism. To endow this formalism with physical meaning by
transforming it into a hypothetical deductive system which is empirically stated, it is necessary to
associate some non-logical terminologies or some formulas containing non-logical terminologies
with the observable phenomena and empirical operations, i.e., setting up the correspondence rule
between them. Physicists at that time paid painstaking efforts to explore the correspondence rules,
aiming at setting up a model or explanatory principle to interpret quantum mechanics. The
Copenhagen interpretation eventually came to be regarded as the orthodox interpretation of
quantum mechanics. However, quantum mechanics is so weird and counterintuitive, and it has
raised a long debate. Even the Copenhagen interpretation failed to reach an agreement on some
fundamental issues of quantum mechanics. For example, Heisenberg insisted that the uncertainty
principle was an independent principle, while Bohr attempted to incorporate it into his
complementarity principle. Although most of the principles of Copenhagen interpretation are
accepted by the mainstream scientists, the probabilistic interpretation of the wave-function [11] is the
most controversial. Probabilistic interpretation implies the abandonment of causality and
determinism, which was unacceptable to Einstein. Einstein refused to accept quantum theory as a
complete description of physical reality [12], leading to decades of controversies regarding the
interpretation of quantum theory between him and Bohr. Finally, in 1935, he proposed a paradox
with Podolsky and Rosen (known as EPR paradox), questioning the completeness of quantum
mechanics [13]. From then on physicists largely adhered to the Copenhagen interpretation, the
controversies were considered as a strictly philosophical quarrel by most physicists. Nearly thirty
years later, Bell proposed an inequality to test the locality of quantum mechanics [14], transforming
question about the completeness of quantum mechanics by the EPR paradox into that about non-
locality. Bell's inequality translates the immaterial philosophical ideas involved in the EPR paradox
into concrete quantitative mathematical descriptions, and provides access to experimental test. Bell's
inequality does not judge the completeness of quantum mechanics, but only to illustrate whether
quantum mechanics or local hidden variable theory should be chosen. Subsequent experiments on
the test of Bell's inequalities and its improved forms have shown that these inequalities are violated
[15-23], indicating that any local hidden variable theory cannot reproduce all the statistical
predictions of quantum mechanics. The new techniques, thoughts, tools developed to test the Bell's
inequality are helpful to explore the laws of the physical world.

There is still no consensus regarding the interpretation of quantum theory, and the controversy
about it is a story without an ending. By reviewing the thoughts, discussions, and debates during the
establishment and development of quantum mechanics, we attempt to find out the root that accounts
for difference between quantum mechanics and classical physics. Inspired by the work concerning
hidden variable theories by von Neumann, de Broglie, Bohm, et al. [24-27], we seem to have found
the answer: the existence of a precision limit for observation makes microscopic objects
indistinguishable and prevents the deterministic description of the microscopic objects’ states. In this
paper, we will deduce logically how to relate the identity principle with the probabilistic
interpretation, uncertainty principle, quantization in quantum mechanics, and discuss the possibility
of restoring determinism and causality in quantum mechanics. We do not focus on the origin of
identical particles, and consequently only the low energy case is discussed, in which quantum
mechanics is incredibly accurate. In the high energy cases, relativistic effects must be considered, and
therefore new methods should be developed. Consequently, quantum field theory, including
quantum electrodynamics and quantum chromodynamics, is beyond our discussion.
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2. What Is the Identity?

In classical physics, there is no two identical objects, for example, when we discuss the collision
between two particles, we never discuss how to distinguish them, but just label them as 1 and 2, for
there is always a way to distinguish them, such as size, shape, color, and so on. In quantum
mechanics, it is assumed that there exists some class of particles with the identical intrinsic physical
properties, such as rest mass, charge, spin, etc., and these particles are indistinguishable, thereby
being called identical particles. For the identical particles, as long as their quantum numbers are the
same, they cannot be distinguished by any measurement means, and naturally cannot be labelled as
1 and 2, and this is the unique identity of quantum mechanics. The identity can therefore be
equivalent to the indistinguishability. In this paper, we mainly attempt to sort out some logic for
quantum theory, and therefore do not present the mathematical expressions regarding the identity
as well as quantum indistinguishability, which can be found in the textbooks of quantum mechanics.

In quantum mechanics, the states of microscopic objects are described by wave-functions (r,t)
, and the systems which can be described by the same wave-function are called the identical systems.
The state of the microscopic system remains unchanged when exchanging the states of any two
particles (exchanging the states of any two particles only makes the wave-function symmetric and
anti-symmetric). The same wave-function means that the same degree of freedom is adopted. In early
quantum theory, the state of a microscopic system could be described by using a wave-function
containing three quantum numbers, i.e., the principal quantum number 7, the angular quantum
number /, and the magnetic quantum number m. However, it was faced with great difficulties when
dealing with some phenomena, such as the double lines in the emission spectra of alkali-metal atoms
in magnetic fields, anomalous Zeeman effect, Stern-Gerlach experiment, etc. The experimental
outcomes of these phenomena cannot be predicted by using the wave-function containing the three
quantum numbers (1, I, and mu), suggesting that the wave-function fails to provide a complete
description of these phenomena. Later, by the introduction of a fourth quantum number, i.e., the
magnetic spin quantum number, ms, these phenomena were completely explained. When dealing
with most problems, microscopic objects described by wave-function with four identical quantum
numbers are treated as identical particles. Numerous studies have shown that most problems can be
fully described by the wave-functions considering these four quantum numbers.

3. What Causes the Identity?—Existence of a Precision Limit for Observation

Quantum mechanics describes the interaction between microscopic objects, that is, the
measurement process. For this reason, measurement theory influences quantum theory from the
underlying logic, whereas, it is the most problematic and controversial part of quantum theory. The
establishment of quantum mechanics, especially matrix mechanics, depends on observable
quantities, which are obtained by the measuring apparatus. In the process of measurement, the
interacting objects exchange energy quanta, thereby changing both the states of the measured object
and the measuring apparatus, and thus information of the measured object is obtained through the
change of the states.

Even the most sophisticated measuring apparatus requires the use of media like photoelectricity
to fulfill measurement. For macroscopic objects, the energy and momentum of photons are too small
to cause a distinguishable change in the states of the macroscopic objects; while for microscopic
objects, taking electron as example, the momentum and energy of the photons are close to that of the
electrons, and the measurement process inevitably causes the non-ignorable change of their states.
To obtain the determinate location and momentum of the electrons, particles with size and
momentum much smaller than the electron should be adopted in the measurement, and only by this
means, the measurement conducted by this kind of particles does not change the states of the
electrons. However, the cost is A-p0 h, resulting in Ar-Ap0 #/2 (where h=h/27x is reduced

Planck constant). As a consequence, the uncertainty principle breaks down and quantum mechanics
no longer works. In other words, a deterministic description of a microscopic object can be made only
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if the relation A=h/p is not valid. Obviously, such particles do not exist. If they did exist, a sub-

quantum mechanics theory would need to be developed. Therefore, it is the precision limit for
observation that prevents the deterministic description of microscopic objects. This precision limit is
determined not by the measuring apparatus, but by the action quantum # behand the objective
physical law. The higher the resolution of the measuring apparatus, the higher the measurement
precision is. Unfortunately, the upper limit of the resolution of most measuring apparatus cannot
reach the precision limit. Strictly speaking, no measuring apparatus can overstep the precision limit.

The microscopic objects cannot be distinguished by any means when the difference between
them is lower than the precision limit, and thus they become identical particles. The existence of a
precision limit makes it impossible to describe microscopic objects deterministically. We have to
consider all possible cases and assign probability to each case, describing its state in terms of wave-
function. By this means, complete description can be provided for physical phenomena as far as
possible. For example, it is impossible to predict the specific time at which a single radioactive atom
decays, and its half-life period can be obtained only by recording and counting the decay processes
of a large number of radioactive atoms. As a matter of fact, the use of statistical methods for
microscopic objects is a compromise solution for not knowing all the details. There is fluctuation (also
known as error or uncertainty) in this statistic, naturally leading to the uncertainty principle. It has
an explicit mathematical proof, i.e., the Fourier bandwidth theorem [28]. Therefore, uncertainty is
inherent with the existence of a precision limit. Obviously, all the problems of quantum mechanics
stem from the indistinguishable properties of microscopic objects caused by the existence of a
precision limit, that is, identity, but it cannot be solved and can only be considered as a fundamental
principle. An overview of all the logical implications is given in Figure 1, and the physical and
philosophical arguments in this paper are based on the sketch.

quantization‘ C:I| identity ‘ = ‘ indistinguishability |

J J

probabilistic
prediction

uncertainty : ,

principle

Figure 1. Schematic depiction of the logic logical implications in this paper.

4. How to Deal with Identity?

Identity limits the description of the state of microscopic object, leading to the fact that two states
are either exactly same or completely different, and thus there is no continuous transition, resulting
in the quantization of the state of microscopic objects. For this reason, identity and quantization are
essentially related to each other. Although the measuring apparatus cannot distinguish the identical
particles, it can accurately identify the number of identical particles, thus providing the statistical
distribution. The conclusion that the states of microscopic objects are quantized can be reached just
by the statistical physical derivation of mathematical expressions of Bose-Einstein statistics or Fermi-
Dirac statistics. Planck concluded that energy is quantized through statistical physical derivation of
his formula for the energy distribution law of the black-body radiation spectrum which follows the
Bose-Einstein statistics [2].

Obviously, quantization is related to two or more microscopic states with distinguishable
differences. The difference between the two quantum states may cause observable changes (the
process is limited by the transition selection rules), which are known as observable quantities. In
matrix mechanics, the transition matrix elements are given directly, corresponding to the observable
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quantities. Although the wave-function in wave mechanics is not observable quantity, the difference
between the initial state and the final state is observable quantity. Quantum precision measurement
is based on this principle: When the microscopic systems such as electrons, photons, phonons, atoms
and molecules are coupled with the external factors such as electromagnetic field, temperature and
pressure, their states will be changed, and the relevant information about the magnetic field, electric
field, force, temperature, etc. can be obtained by detecting the states of the microscopic systems before
and after changes.

Each observable quantity is related to two stationary states. When the transition occurs between
these two stationary states, the transition probability and transition frequency correspond to the
relative intensity and frequency of the observable radiation, respectively. The physical properties of
the microscopic objects are quantized, and the energy, momentum and angular momentum efc. are
integer/half-integer multiples of the basic quantum, and consequently the measurement results are
necessarily discrete. For example, for hydrogen atoms, their energy levels are discrete due to the
quantization of orbital angular momentum; For a one-dimensional square potential well with infinite
depth, two perfect walls form a resonant cavity, and only the electromagnetic waves forming a stable
standing wave can exist stably, which has been confirmed by the Casimir effect in vacuum [29,30].

Here, we get back to the measurement in quantum mechanics. During the measurement, the
measured object interacts with the measuring apparatus, exchanging energy quanta, thereby
changing the states (energies) of the microscopic objects. It is quite clear that measurement is a process
of changing the microscopic objects’ states from indistinguishable to distinguishable, and it is a
process of destroying the identity. For example, if we start with two cats which are exactly same
(indistinguishable), and one of them dies through the coupling of a radioactive atom, then the two
cats’ states become distinguishable, so that they can be named. This example easily reminds us of the
Schrodinger's cat thought experiment [31].

5. Probabilistic Determinism and Indeterminacy of Initial State

The evolution of the state of the microscopic system with time satisfies the Schrodinger equation:

. Oy no_, A
ih—=——Vy+Vy=H 1
p om ¥V VY =Hy 1)

For any given wave-function w(r,t), providing that there is a definite Hamiltonian, the time-

evolution of wave-function can be obtained by Schrodinger equation. It is somewhat similar to
determinism in classical physics, where the evolution of an object’ state depends on the initial state
and interaction process. There exist some differences: in general, classical physics predicts a definite
value for some point, while quantum mechanics predicts the probability within a certain interval, but
the probability is definite. Schrodinger equation can accurately describe the time-evolution of the
quantum system’ state, which is actually a kind of determinism. However, this kind of determinism
is probabilistic and we can call it ‘probabilistic determinism’.

The wave-function has considered all possible cases of the system’s state, and it also give the
initial value of the microscopic object’s state. Since the Schrodinger equation is linear, the evolution
of the wave-function satisfying the equation is unitary, and the resulting wave-function of the final
state still follows the statistical law, and therefore the statistical fluctuations are naturally preserved.
Though the Hamiltonian describing the interaction is definite, due to the uncertainty of the initial
value, the subsequent state is still indeterminate and can only be described in terms of probabilities.
It seems that the uncertainty of the final state is endowed not by the interaction but by the initial state.

Here, we get back to the measurement theory in quantum mechanics once again. During the
measurement, energy quanta are exchanged between the interacting objects and energy conservation
is satisfied. A successful example is the Jaynes-Cummings model [32]. For this reason, it seems
reasonable to provide a clear physical picture of the interaction process depending on whether the
energy quanta are exchanged and the number of the energy quanta exchanged n. We had tried to do
that, but just to make the problem more complicated, because the initial states of the interacting
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objects are indeterminate, leading to the uncertainty in the number of energy quanta exchanged
during the interaction. If we could restore the determinacy of the initial state, the measurement
problem would be solved.

The identical system is described by the same wave-function, which is a compromise solution to
the indeterminacy of the initial value. The initial value often corresponds to the spatial-time
information, i.e., the initial location of the particle in space and time domain, which is related to the
phase information ¢ in the wave-function w(r,t). However, phase cannot be extracted by any
means, and consequently the indistinguishability of the phase corresponds to the identity, which can
be traced back to the existence of a precision limit for observation. Since the distribution of the

probability density in space and time p(r,t) equals to square of the wave-function module |y (r, ’[)|2

? phases do not affect the statistical distribution of particles, which are thereby

,ie, p(r.t)=lw(rt)
generally considered physically meaningless. Only when two states are different in phase and the
phase difference is constant, can observable effects be triggered, which is the most common way to
implement the precision measurement [33,34].

6. Nonlocal Hidden Variable Theories—Hope to Restore Determinism?

If the determinacy of the initial value can be restored, that is, all the details of the microscopic
objects at a certain moment is known, then their future development can be deterministically
described. Although the existence of a precision limit makes the microscopic objects
indistinguishable, the difference below the precision limit will lead to the fact that the identical objects
may be not truly identical in a real sense, and there may be yet-to-be-discovered underlying physics.
The non-local hidden variable theories, especially Bohmian mechanics, is based on this consideration.
Bohmian mechanics is a causal interpretation of quantum mechanics and is also called de Broglie-
Bohm interpretation [26,27]. In Bohmian mechanics, the initial location distribution of Bohmian
particles is constructed by the wave-function, which distinguishes the identical particles and restores
the determinacy of the initial value. By this means, the wave-function is replaced by the ensemble of
Bohmian particles. Then, by solving the Newton-Bohm equation and thus describing the evolution
of each Bohmian particle by corresponding Bohmian trajectory, the deterministic description of
Bohmian particle is realized, which seems to bring hope to restore determinism and causality [35].
However, the description of microscopic objects can only be given through the statistics of Bohmian
particles. And therefore, the measurement of particle’s location or momentum must still adhere to
the uncertainty principle. It has shown that Bohmian mechanics can fully reproduce the predictions
of quantum mechanics. We have applied Bohmian mechanics to study the ionization, excitation,
radiation and other processes of atoms in the light field [36-38], and found that the results are
completely consistent with the quantum mechanical predictions, and besides, clear physical pictures
of these processes are given.

Unfortunately, limited by the precision limit, it is impossible to accurately measure all the details
about the microscopic objects at the same time. The initial value of the microscopic system can only
be described by wave-function, and the description of the system’s future evolution is also not
deterministic, though the evolution of the quantum state follows the Schrodinger equation, i.e.,
probabilistic determinism. Since it is impossible to know all the details about the microscopic objects
at the same time, the cause of each event cannot be determined, bringing about the causal anomalies.
Einstein once tried to establish the causal connection between the wave and particle properties for
microscopic objects, and to incorporate quantum theory into a field theory based on the causality and
continuity principle, but he failed [39]. Therefore, the existence of a precision limit prevents the
deterministic description of the states of microscopic objects, and it is impossible to restore causality
and determinism in quantum mechanics.

Let's get back to Bohmian mechanics, Bohmian particles are virtual particles constructed
through the mathematical treatment of wave-functions, which cannot be verified experimentally. As
mentioned previously, the description of microscopic objects can only be given by statistics of
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Bohmian particles, which is in effect to reconstruct the wave-functions. In addition, Bohmian
mechanics suffered from epistemological dilemmas. The quantum potentials in Bohmian mechanics
is also constructed by mathematical treatment of wave-functions, thus preserving non-locality.
However, it is problematic when dealing with multi-body systems: In quantum mechanics, for
example, a two-body system is described by a wave-function, and when one object is measured, the
description of it changes, and that of the other object changes accordingly. However, according to the
setting of Bohmian mechanics, changing the state of an object will affect the state of the other object
sharing correlation with it, leading to the ‘spooky action at a distance’, which is the most controversial
aspect of Bohmian mechanics.

Although the local hidden variable theories have been denied by Bell's theorem and numerous
related experiments [16-23], the non-local hidden variable theories have not been falsified. Leggett
proposed a class of non-local reality models and gave a new inequality [40], and pointed out that
quantum mechanics can violate this inequality, determining that such non-local reality models
cannot fully describe quantum mechanics. Whether Leggett inequality is violated and whether it can
judge the correctness of quantum mechanics and non-local hidden variable theories are also widely
debated [41-45].

The uncertainty principle cannot be completely described by using the terminologies of classical
physics, i.e., there is no counterpart of it in classical physics. Hidden variables are some unknown
physical quantities introduced to ensure the objectivity of the reality, aiming at restoring the complete
description of physical reality. It is inherently contradictory to the uncertainty principle. Therefore,
any hidden variable model constructed by only using the terminologies of classical physics cannot
reproduce the quantum mechanical predictions. In other words, there is no hidden variable model
that can be experimentally verified, though I have no rigorous proof at present.

7. Boundary Between the Classical and Quantum Worlds

It is impossible to reconstruct causality and determinism in quantum mechanics, as opposed to
classical physics. It naturally raises the question: where is the boundary between the so-called
classical and quantum worlds? Before answering this question, we need to clarify what is quantum?

For quantum concept, only quantum properties are meaningful, and they are obtained after
dividing the physical phenomena by the specific rules made by mankind according to their own
cognition. Therefore, quantum mechanics is a mathematical description that only makes sense when
dealing with interaction between the microscopic objects. Photon, for example, its wave and particle
properties are just the sides shown in a certain way, and it is neither a wave nor a particle before
observation, i.e., it has no properties for it doesn't make sense. Of course, there are also observation-
free sides (such as the spin, the rest mass, charge) that endow the microscopic objects with reality.

It is not appropriate to describe the world in terms of ‘quantum’ and “classical’. Tentatively, we
name the worlds described in terms of quantum mechanics and classical physics as the quantum
world and classical world, respectively. Although they follow two entirely different sets of laws, the
underlying logic is the same: physical laws are derived from observations, and both classical physics
and quantum mechanics are established based on measurements. For example, observation requires
the scattering of photons, but what is different is that the influence of photons on macroscopic objects
is not significant, so the classical world can be considered unaffected by the measurement process;
while the photons have a great influence on the microscopic objects, which changes the state of
system to be measured, so that the definition of the state of system to be measured depends on the
interaction. We can see that the ‘quantity” accounts for this problem. It is the quantitative change that
causes the qualitative change of the state of the measured system, which makes the research subjects
different in the two cases: In classical physics, usually attention only need to be paid to the measured
objects; while in quantum mechanics, the entirety composed of the measured object and the
measuring apparatus must be considered. The observation processes bring about uncontrollable
influence on the microscopic objects, showing randomness, and the stochastic phenomenon can only
be described by statistical laws.


https://doi.org/10.20944/preprints202501.1879.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 January 2025 d0i:10.20944/preprints202501.1879.v1

8 of 10

In classical physics, it seems that once the initial conditions are determined, by solving the
classical dynamics equation, the location and velocity of the objects at any moment can be predicted
deterministically. Does this mean that the classical world must be deterministic? Obviously, it is only
theoretically true. As it comes to the experiments, the errors in the measurement outcomes for the
macroscopic objects can be ignored when the time scale is small, but they become visible to eyes when
the time scales in question are large enough. Taking a meteorite with a diameter of 1m flying in space
as an example, its velocity is measured to be v=20km/s. Even if the measurement error in the
velocity is only Av=1um/s, the deviation in its travel distance can reach AL ~ 63m after one year of

flight, and the prediction of its position must take this deviation into account. If the measurement
error in its motion direction is considered, the deviation in position will be much larger, and the
deterministic description of its position is out of the question. Therefore, there is no absolute
boundary between the so-called classical and quantum worlds. The ‘classical’ and ‘quantum’ are
merely attributes imposed on the observed world, depending on the problem discussed. In the
example of flying meteorite above, even the classical world, deterministic predictions cannot be given
when it is discussed on a time scale large enough.

Quantum mechanics is weird, counterintuitive and hard to understand, and there is still no
consensus regarding its interpretation of quantum. In most cases, the laws of the physical world that
we witness every day are usually understood based on classical physics which are idealizations of
our observations, and it provides a description of the physical reality consistent with our common
sense. There is no need to consider the uncertainty principle to discuss the observed phenomena. As
it comes to the microscopic objects, due to the existence of a precision limit for observation, only
probabilistic predictions for the measurement outcomes can be provided by the quantum mechanics.
In effect, quantum mechanics and classical physics are essentially unified, apart from the fact that a
higher precision is involved in quantum mechanics, for quantum mechanics is the theory dealing
with the precision limit for observation.

8. Conclusions

Due to the existence of a precision limit for observation, the state of the microscopic objects
cannot be distinguished and can only be described statistically. This statistical description leads to
the probabilistic determinism and the indeterminacy of initial state in quantum mechanics. The
indeterminacy of initial state of microscopic objects results in that of the interaction between
microscopic objects. It is the identity that leads to the probabilistic interpretation, uncertainty
principle, quantization, which is the root that accounts for difference between quantum mechanics
and classical physics. It seems that once the initial value can be described deterministically,
subsequent evolution is deterministic and the physical picture of the measurement process becomes
clear. Non-local hidden variable theory, especially Bohmian mechanics, by distinguishing identical
particles, equivalent to restoring the determinacy of the initial value, is expected to restore
determinism and causality. However, any hidden variable theory constructed by only using the
terminologies of classical physics cannot reproduce the quantum mechanical predictions. In addition,
since quantum mechanics has high precision in quantitative calculation and high efficiency in
explaining interactions between microscopic objects, there is no urgent necessity to restore
determinism and causality at present. After all, the most effective and persuasive approach to
examine the correctness of a theory is experimental test, rather than the philosophical discussions
and logical deductions. The scope of the discussions determines whether to adopt classical physics
or quantum mechanics when dealing with problems, and even no deterministic predictions can be
made for the classical world when the time scale discussed is large enough. Therefore, there is no
absolute boundary between the so-called classical and quantum worlds.
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