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The classical interpretation of Young's double slit experiment is that, before and after passing through the diaphragm of the double slit, the light behaves as waves.

Feynman called the double slit experiment "the only mystery [of quantum mechanics]. We have shown laser BS -2 Screen D-2 D-1 Mirror-1 BS-1 Mirror-3 D-3 Lens-2 Double slit Lens-1 Lens

Introduction

Historically, the study of the nature of light reached basically two concepts: wave and particle.

(1) Wave concept: In 1690, Christiaan Huygens established the wave theory of light [START_REF] Huygens | Traité de la Lumière[END_REF].

(2) Particle concept: corpuscles: In 1704, Newton established particle theory [START_REF] Newton | Opticks: or, a treatise of the reflexions, refractions, inflexions and colours of light[END_REF].

(3) Wave concept: In 1801, Young's double slit experiment [START_REF] Young | The Bakerian lecture. Experiments and calculation relative to physical optics[END_REF] and Arago experiment [START_REF]Arago spot[END_REF] revived Huygens' wave theory. classical wave experiments.

(4) Particle concept: In 1905, Einstein's photon theory of light [START_REF] Einstein | On a Heuristic Point of View Concerning the Production and Transformation of Light[END_REF] revived, in some sense, particle theory.

(5) Wave particle duality:

In 1927, to coordinate particle concept and wave concept of light, Bohr proposed the complementarity principle [START_REF] Bohr | The Quantum Postulate and the Recent Development of Atomic Theory[END_REF] that stating that the wave and particle phenomena cannot be observed simultaneously in the same experiment. Namely, if these two phenomena can be observed simultaneously in the same classical wave experiment, then the interpretations of the wave theories are not complete. The wave-particle duality emerged.

(6) Feynman's mystery:

Until 1950s, wave-particle duality still puzzled physicists. Einstein (1951) [START_REF] Rashkovskiy | Is a rational explanation of wave-particle duality possible?[END_REF] wrote to M. Besso: "All these 50 years of conscious brooding have brought me no nearer to the answer to the question: What are light quanta?". Feynman (1956) [START_REF] Feynman | The Feynman Lectures on Physics[END_REF] In standard textbook, based on the standard assumption, i.e., after the light passing through the double slit, the pattern is always the wave pattern without changing nature and shape, the convex lens is utilized for mathematically describing the double slit experiments.

In this article, we experimentally show new phenomena and suggest them as new mystery.

Novel experiments/mystery provide phenomena/data for theoretical development of optics.

Double slit experiment: Particle pattern, Transition pattern and Interference pattern

The theory of convex lens is a part of the geometrical optics. In standard Textbook, the theory of the convex lens is directly applied to the physical optics. In this article, we show a different story.

Experimental setup

In the following Experiments-1 to -6, the same Experimental setup (Figure 0) is utilized, but placing lenses at different positions (different Zones) (For Postulates of Lens, see Appendix A-3) Experimental setup (Figure 0): Setup three paths from the double slit to the screen. The interference patterns indicate that the photons distribute as waves.

Coexistence of Non-interference patterns and Interference pattern

Experiment-1 (Figure 1 Observation: only interference patterns show on the screen due to that all lenses are placed in Zone-3.

The photon tracks in the photon chamber show the particle nature of the light beams in the double slit wave experiment.

Conclusion:

the light beams are photons before landing on the screen. The photons distribute as wave shown on the screen.

Summary

The beam splitter (BS) and mirror do not affect the nature and shape of patterns. We have shown that the convex lens enlarges the image arriving at its input surface, and does not affect the nature of the pattern arriving at its input-surface.

Experiment-1 to Experiment-6 show:

After the light beams passing through the double slit, the lenses enlarge the patterns arriving at its input surface (Appendix A-3). For those passing through a Path-X where the lens is placed at Zone- We suggest a new mystery: Experimen-1 shows the coexistence of the non-interference pattern and the interference pattern; Experiment-2, -3 and -4 show that within certain distance from the double slit, the light is photons, which indicates that the classical wave theories of light are incomplete; Experiment-5 shows that after certain distance from the double slit, the photons distribute as waves; Experiment-6 shows that before landing on the screen, the light in the wave experiments is photons; photons distribute as wave.

Above experiments violates both Bohr's complementarity principle and the wave theories of light. Note that the boundaries between two Zones are not clear cut.

Appendix (A-1) Evolution of patterns of double slit experiment [9]

(A-2) Three Zones [START_REF] Peng | Noninterference patterns and interference patterns simultaneously emerging on screen in wave experiments ---universal phenomena[END_REF] For convenience, we review the Zone. We divide the space between the source and screen into four Zones (or Areas) (Figure A-2). (1) Zone-0: between the source and the diaphragm, in which the pattern is non-wave;

(2) Zone-1: near the double slit, in which the pattern is non-interference, referred the pattern as the particle pattern;

(2) Zone-3: near the screen, in which the patterns are interference patterns;

(3) Zone-2: transition Zone, between zone-1 and zone-3, in which the particle pattern evolves to the interference pattern, referred the patterns as the transition patterns that are also the non-interference pattern.

Note that the boundaries between different Zones are not clearcut. Patterns evolve from one Zone to next gradually.

(A-3). Postulates: precise rules of convex lens [10]

The theory of convex lens is a part of the geometrical optics. In standard Textbook, the theory of the convex lens is directly applied to the wave experiments of the physical optics.

Utilizing a convex lens to study the evolution of patterns, we propose new Postulates of convex lens.

In the classical wave experiments, the diaphragm stays at the same location. The light coming out the slits has the certain pattern. But we will show that the pattern changes with the distance from the diaphragm.

Figure A3. Convex lens enlarges the image arriving at its "input surface"

To study the evolution of the patterns, the convex lens moves and thus, the patterns arriving at the input surface of the convex lens (Figure A3) change. Namely, the light patterns arriving at the input surface of the convex lens are different.

Based on above consideration, we suggest the postulates.

Postulates:

(1) the convex lens enlarges the input image that arrives at the input surface (Figure A3).

(2) The convex lens breaks the evolution of the patterns.

(3) The convex lens does not change the nature of the input pattern.

Example-1: for a regular object, the shape of the image of the object does not change. Thus, the input image, that arrives at the input surface of the convex lens, is the same image of the object.

Example-2: for the wave experiments, for example, the double slit experiment, the input image that arrives at the input surface of the convex lens is the pattern that is distance-dependent and thus, the shapes of the input images are different, even in the same experiment.

Example-3: After passing a convex lens, the patterns keep the same nature: e.g., (a) if the input patter is a particle pattern, the output pattern is still the particle pattern, and vice versa;

(b) if the input patter is a transition pattern, the output pattern is still the transition pattern, and vice versa;

(c) if the input patter is an interference pattern, the output pattern is still the interference pattern, and vice versa;

Experiments in this article are based on the postulates and confirm them. 
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 7 called the interference pattern of the double slit experiment "a phenomenon which is impossible […] to explain in any classical way, and which has in it the heart of quantum mechanics. In reality, it contains the only mystery [of quantum mechanics]." Combination of geometrical optics and physical optics: convex lens in double slit experiment:

Figure 0

 0 Figure 0 Experimental setup: three paths Path-1: double slit/BS-1/Lens-1/mirror-1/D-1; Path-2: double slit/BS-1/BS-2/Lens-2/D-2; Path-3: double slit/BS-1/BS-2/mirror-3/Lens-3/D-3. Note that Each Path contains three Zones (For detail of Zones, see Appendix A-2), i.e., Path-1 is divided into Zone-1/Path-1, Zone-2/Path-1 and Zone-3/Path-1; Path-2 is divided into Zone-1/Path-2, Zone-2/Path-2 and Zone-3/Path-2; and Path-3 is divided into Zone-1/Path-3, Zone-2/Path-3 and Zone-3/Path-3. For each path, in Zone-1, Zone-2 and Zone-3, the patterns are the particle patterns, the transition patterns and the interference patterns respectively. The particle patterns and transition patterns are noninterference patterns, which indicate that the light behave as photons in the classical wave experiments.

  ): placing Lens-1 in Zone-1/Path-1, Lens-2 in Zone-2/Path-2 and Lens-3 in Zone-3/Path-3.

Figure 1

 1 Figure 1 Particle pattern, Transition pattern and Interference patterns emerging on screen in double slit wave experiment

Figure 2 2 Experiment- 3 (

 223 Figure 2 Only Particle patterns in double slit wave experiment Observation: Particle patterns are observed at D-1, D-2 and D-3 respectively. The top figure of Figure 2 is the cross-section view, while the bottom is the top view of the patterns. Conclusion: Particle patterns indicate that the light beams behave as particles in the classical wave experiments: when the lenses are placed at Zone-1 of all Path, the light beams behave as photons and thus, photons form Particle patterns. The patterns of the light beams are the position-dependent.

Figure 3 Experiment- 4 (Figure 4 5 .

 3445 Figure 3 Only Transition patterns in double slit wave experiment Observation: Transition patterns are observed at D-1, D-2 and D-3 respectively. Conclusion: Transition patterns indicate that the light beams behave as particles in the classical wave experiments: when the lenses are placed at Zone-2 of all Path, the light beams behave as photons. The patterns of the light beams are the position-dependent.

Figure 5

 5 Figure 5 Interference patterns in double slit experiment Observation: Interference patterns are observed at D-1, D-2 and D-3 respectively. Conclusion: Interference patterns indicate that the light beams distribute as waves: when the lenses are placed at Zone-3 of all Path, the light beams behave as waves.

Figure 6

 6 Figure 6 Light beams being photons that distributing as waves in double slit experiment

  1 of Path-X, the light beams behave as particles, and the pattern is Particle pattern; For those passing through Path-Y where the lens is placed at Zone-2 of Path-Y, the light beams behave as particles, and the pattern is Transition pattern; For those passing through Path-Z where the lens is placed at Zone-3 of Path-Z, the light beams distribute as waves. Those experiments show (1) the position-dependence of the pattern of the wave experiments; (2) the position-dependence of the nature of the light; (3) the evolution of patterns.

Figure A- 1

 1 Figure A-1 shows how the pattern of the double slit experiment evolves, namely the patterns are position-dependent. The convex lens is a powerful tool to study the evolution of patterns.

Figure A- 1

 1 Figure A-1 Evolution of patterns of double slit experiment The distance, from the double slit, L = 10 mm to 125 mm, can be considered as Zone-1, and the patterns are considered as Particle patterns. The distance, from the double slit, L = 150 mm to 550 mm, can be considered as Zone-2, and the patterns are considered as Transition patterns. The distance, from the double slit, 𝐿 > 550 𝑚𝑚, can be considered as Zone-3, and the patterns are considered as Interference patterns.

  Figure A2. Four Zones