Developments of Research on Grating Experiments A1. Recent Developments of 1D-Grating Experiments A2. Recent Developments of 2D-Grating Experiments
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Introduction

The interference patterns of the 1D-double slit and 2D-cross-double slit experiments have been studied experimentally [START_REF] Peng | Double Slit Experiment Still Has Much to Offer (1) -2D-Cross-Double Slit Experiments[END_REF][START_REF] Peng | Double Slit Experiment Still Has Much to Offer (2): Extended-Which-Way Experiments-Violating Complementarity Principle[END_REF][START_REF] Peng | Double Slit Experiment Still Has Much to Offer (4): New Double Slit Experiments Violating Wave Description[END_REF][START_REF] Peng | Double Slit Experiment Still Has Much to Offer (5): -New Double Slit Experiment Violating Bohm's Trajectory Theory[END_REF][START_REF] Peng | Double Slit Experiment Still Has Much to Offer (6): Curved, Expanded and Inclined Interference Patterns -Dynamic Double Slit/Cross-Double Slit Experiments[END_REF][START_REF] Peng | Double Slit Experiment Still Has Much to Offer (8): -Photons Behaving as Particles Create Curved Interference Pattern[END_REF]. The universal phenomena of the curved, expanded and inclined interference patterns were observed. Recently, the orientation-dependence of the diffraction patterns of the 1D-grating and 2D-grating experiments have been studied [START_REF] Peng | Double Slit Experiment Still Has Much to Offer (7): Particle Nature of Photons, Normal Diffraction Pattern and Curved Diffraction Pattern Emerging in Same Grating Experiment[END_REF][START_REF] Peng | Double Slit Experient Still Has Much to Offer (9): -Continuously Curved Diffraction Patterns of 2D-Cross-Grating Experiments[END_REF][START_REF] Peng | Non-Uniform, Curved, Expanded and Inclined Diffraction Pattern of 1D-Grating Experiments -Rotating Grating Around Three Axes[END_REF][START_REF] Peng | Non-Uniform Diffraction Pattern of 2D-Cross-Grating -Rotating Grating Around Three Axes[END_REF]. The simultaneously non-uniform spacing, curved, expanded and inclined diffraction patterns emerged in the same grating experiment.

Indeed, the characteristics of the transmission diffraction patterns depend on the orientations of the grating.

The common gratings contain transmission gratings and reflective gratings.

We show novel phenomena: (1) a transmission grating produces simultaneously the reflective diffraction patterns and transmission diffraction patterns respectively, namely it plays simultaneously dual-roles of a transmission grating and a reflective grating; [START_REF] Peng | Double Slit Experiment Still Has Much to Offer (2): Extended-Which-Way Experiments-Violating Complementarity Principle[END_REF] the so produced reflective diffraction patterns are orientation-dependent, as well as the so produced transmission diffraction patterns; (3) the reflective diffraction patterns and the transmission diffraction patterns have the same characteristics.

Indeed, in the experiments, the dual-grating reflects the partial of the incident light, i.e., playing the role of a reflective grating, we refer the so produced diffraction pattern as "reflective pattern"; while the partial of the incident light passing through the grating, i.e., the dual-grating playing the role of a transmission grating, we refer the so produced diffraction pattern as "transmission pattern". To increase the efficiency, one may coat reflective layers on the reflective surfaces and anti-reflective layers on the transmission surfaces.

In this article, we defined "Dual-Grating": a transmission grating that plays roles as both a transmission grating and a reflective grating simultaneously in the same experiment.

"Dual-Pattern": both a transmission pattern and a reflective pattern produced by a dual-grating simultaneously in the same experiment.

Two Speculates

Next let us consider a normal transmission grating (Figure 1). Now we raise questions:

(1) whether the orange surfaces between slits play any role in the experiment; if so,

(2) whether the orange surfaces reflect the incident light beams; if so,

(3) whether the reflected light beams produce a diffraction pattern; if so, (4) whether the so produced reflective diffraction pattern has the same characteristics as that of the transmission diffraction pattern produced by the same transmission grating.

To answer the above questions, we propose two speculates:

First speculate: a dual-grating functions as both a transmission grating and a reflective grating simultaneously in the same experiment; the transmission function produces the transformation pattern, while the reflective function produces the reflective pattern.

Second speculate: the so produced two patterns have the same characteristics. Namely the equations describing two patterns (dual-pattern) have the same form.

In this paper, First speculate and Second speculate are confirmed experimentally. Namely the dualgrating does play a dual-role of a reflective grating (shown by orange surfaces) and a transmission grating (shown by green surfaces) (Figure 2). 
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Figure 2a shows a dual-grating, while Figure 2b shows a rotated (tilt) dual-grating. In both Figure 2a and 2b, the orange surfaces and orange arrows represent the reflection phenomena, while the green surfaces and green arrows represent the transmission phenomena.

Experimental Setup

We set the slits of a transmission grating (dual-grating) in three orientations (Figure 3). Figure 4b shows that the dual-grating CW rotates at an angle, for example, 45 0 , for simplicity.

Although the screens show the phenomena more visualizable, the setups utilizing CCD/telescopes, instead of screen, provide more accurate data.

Experiments: dual grating of spacing of 100 lines/mm

In First steps of Experiments of Section 4 and Section 5, we use the setup of Figure 4a, i.e., the light normally incidents on the dual-grating, the reflective patten show on screen-3. In Second steps (CW rotates the dual-grating) of Experiments, we use the setup of Figure 4b, the light obliquely Screen-3

incidents on the dual-grating, the reflective patterns show on screen-2. In both steps, the transmission patterns are always on screen-1.

Experiment-1 (Figure 5 to 8): dual-grating of spacing of 100 lines/mm with vertical slits

First step:

Experimental setup (Figure 5): Utilizing the experimental setup (Figure 4a) and the dual-grating with vertical slits (Figure 3a). The dual-grating produces both transmission pattern and reflective pattern simultaneously.

Not that in the First steps of Experiment-1, -2 and -3, we adjust slightly the position of the dualgrating, so that all of the reflective orders shown on screen-3.

Second step:

Experimental setup (Figure 7): Utilizing the experimental setup (Figure 4b) and the dual-grating of spacing 100 lines/mm with vertical slits (Figure 3a). 

Conclusion:

the dual-grating does produce both the transmission pattern and the reflective pattern respectively. Namely the dual-grating does function as both the transmission grating and the reflective grating simultaneously in the same experiment. The transmission pattern and the reflective pattern have same characteristics. Namely, attributing to the rotation of the dual-grating with vertical slits around the Z-axis, both patterns are expanded.

The expanded transmission pattern produced by a rotated transmission grating have been observed before [START_REF] Peng | Double Slit Experiment Still Has Much to Offer (7): Particle Nature of Photons, Normal Diffraction Pattern and Curved Diffraction Pattern Emerging in Same Grating Experiment[END_REF][START_REF] Peng | Double Slit Experient Still Has Much to Offer (9): -Continuously Curved Diffraction Patterns of 2D-Cross-Grating Experiments[END_REF]. The Novel phenomenon is that the reflective patterns produced by the dualgrating are expanded also. The First speculate and the Second speculate are confirmed experimentally for the dual-grating with vertical slits.

Experiment-2 (Figure 9 to 12): a dual-grating of spacing of 100 lines/mm with horizontal slits

First step:

Experimental setup (Figure 9): Utilizing the experimental setup (Figure 4a) and the dual-grating of spacing 100 lines/mm with horizontal slits (Figure 3b). The dual-grating produces transmission pattern and reflective pattern simultaneously.

Second step:

Experimental setup (Figure 11): Utilizing the experimental setup (Figure 4b) and the dual-grating of spacing 100 lines/mm with horizontal slits (Figure 3b). The curved transmission patterns produced by a rotated transmission grating have been observed before [START_REF] Peng | Double Slit Experiment Still Has Much to Offer (7): Particle Nature of Photons, Normal Diffraction Pattern and Curved Diffraction Pattern Emerging in Same Grating Experiment[END_REF][START_REF] Peng | Double Slit Experient Still Has Much to Offer (9): -Continuously Curved Diffraction Patterns of 2D-Cross-Grating Experiments[END_REF]. The novel phenomenon is that the reflective patterns produced by the dual-grating are curved also. The First speculate and the Second speculate are confirmed experimentally for the dual-grating with horizontal slits.

Experiment-3 (Figure 13 to 16): dual-grating of spacing of 100 lines/mm with tilt slits

First step:

Experimental setup (Figure 13): Utilizing the experimental setup (Figure 4a) and the dual-grating of spacing 100 lines/mm with tilt slits (Figure 3c). The dual-grating produces transmission pattern and reflective pattern simultaneously.

Second step:

Experimental setup (Figure 15): Utilizing the experimental setup (Figure 4b) and the dual-grating of spacing 100 lines/mm (Figure 3c). The transmission pattern and the reflective pattern have same characteristics. Namely, attributing to the rotation of the dual-grating, both patterns are curved, expanded and inclined.

The curved, expanded and inclined transmission patterns produced by rotating a transmission grating have been observed before [START_REF] Peng | Double Slit Experient Still Has Much to Offer (9): -Continuously Curved Diffraction Patterns of 2D-Cross-Grating Experiments[END_REF][START_REF] Peng | Non-Uniform, Curved, Expanded and Inclined Diffraction Pattern of 1D-Grating Experiments -Rotating Grating Around Three Axes[END_REF]. The novel phenomenon is that the reflective patterns produced by the rotating dual-grating are curved, expanded and inclined also. The First speculate and the Second speculate are confirmed experimentally for the dual-grating with tilt slits.

Experiments: dual-grating of spacing of 500 lines/mm

To show the universality of the dual-grating plays two roles simultaneously, we use a dual-grating with 500 lines/mm to perform the same experiments as that in Section 4.

The experiments in this section are performed with the experimental setup in Figure 4 and5.

Experiment-4 (Figure 17 to 21): dual-grating of spacing of 500 lines/mm with vertical slits

First step:

Experimental setup (Figure 17): Utilizing the experimental setup (Figure 4a) and the dual-grating of spacing 500 lines/mm with vertical slits (Figure 3a). Experimental setup (Figure 19): Utilizing the experimental setup (Figure 4b) and the dual-grating of spacing 500 lines/mm with vertical slits (Figure 3a). Attributing to the rotation of the dual-grating around the Z-axis, both patterns are expanded. Note that, in order to position both diffraction patterns on the screen-1 and screen-2 simultaneously, we move the dual-grating closer to screen-1 and screen-2, thus the expansion of the patterns is not obvious.

Otherwise, we would need big screen-1 and screen-2.

Conclusion:

the dual-grating does produce both the transmission pattern and the reflective pattern simultaneously in the same experiment. The transmission pattern and the reflective pattern have same characteristics, i.e., due to the rotation of the dual-grating, both patterns are expanded.

The First speculate and the Second speculate are confirmed experimentally.

Experiment-5 (Figure 21 to 24): dual-grating of spacing of 500 lines/mm with horizontal slits

First step:

Experimental setup (Figure 21): Utilizing the experimental setup (Figure 4a) and the dual-grating of spacing 500 lines/mm with horizontal slits (Figure 3b). Second step (Figure 23): Utilizing the experimental setup (Figure 4b) and the dual-grating of spacing 500 lines/mm with horizontal slits (Figure 3b). Rotating the dual-grating CW around the Y axis. The First speculate and the Second speculate are confirmed experimentally.

Experiment-6 (Figure 25 to 28): dual-grating of spacing of 500 lines/mm with tilt slits

First step:

Experimental setup (Figure 25): Utilizing the experimental setup (Figure 4a) and the dual-grating of spacing 500 lines/mm with tilt slits (Figure 3c). 

Model and Explanation

The schematics of a reflective blazed grating and a binary grating (rectangular profile) are shown in Figure 29a and 29b respectively. respectively.

In Figure 30a, the green surfaces and green beams represent the transmission surfaces and transmission light beams respectively.

Figure 30. Schematic of transmission grating

The text book states that a regular transmission grating produces the transmission pattern only (Figure 30a). The transmission equation is

𝑑(𝑠𝑖𝑛𝜃 ! -𝑠𝑖𝑛𝜃 " ) = 𝑚𝜆 (1) 
Where 𝜃 ! and 𝜃 " are the incident angle and transmission diffraction angle respectively.

Figure 30b shows the conclusion of the experiments of this article that a regular commercial transmission grating (we have referred and used it as Dual-grating) functions as both a reflective grating and a transmission grating. 
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We suggest that the reflective grating equation of the dual-grating (Figure 30b) is

𝑑(𝑠𝑖𝑛𝜃 ! -𝑠𝑖𝑛𝜃 "# ) = 𝑚𝜆 (2) 
Where 𝜃 "# is the reflective angle. The transmission grating equation of the dual-grating is

𝑑(𝑠𝑖𝑛𝜃 ! -𝑠𝑖𝑛𝜃 "$ ) = 𝑚𝜆 (3) 
Where 𝜃 ! and 𝜃 "$ are the incident angle and diffraction angle respectively.

Equation (1) has been modified when the transmission grating rotating (or incident) at an arbitrary angle or when a transmission grating rotating around three axes. We suggest that Equation 2 and 3 should be modified accordingly, which is beyond the scope of this article.

To understand the reflective behavior of a tilt dual-grating, let us compare the reflective function of a dual-grating (Figure 31a) rotating at an angle with a reflective blazed grating (Figure 31b). Figure 31 shows that, principally, the mechanism and characteristics of the reflective pattern of a dual-grating is same as that of a blazed grating.

Discussion

The preliminary experiments of this article show, the first time: (2) the so produced reflective pattern and transmission pattern have the same characteristics.

(3) the phenomena of a dual-grating playing both roles exist commonly.

The phenomena suggest to study both the standard theory of the 1D-grating for the normal incident light beam and the theories of 1D-grating for the oblique incident light beam [START_REF] Harvey | Description of Diffraction Cross-grating Behavior in Direction Cosine Space[END_REF][START_REF] Braig | An EUV beam-splitter based on conical grazing incidence diffraction[END_REF][START_REF] Ninad | Novel cases of diffraction of light from a cross-grating: Theory and experiment[END_REF][START_REF] Heuberger | Light diffraction from a phase cross-grating at oblique incidence in the intermediate diffraction regime[END_REF] further.

"The rather ancient grating experiment continues to surprise" (Ian Miller).

Appendix: Recent Developments of Research on Grating Experiments

A1. Recent Developments of 1D-Grating Experiments

A1.1. non-uniform spacing between adjacent diffraction orders of patterns of 1D-grating

The non-uniform spacings increasing from one end to another end. Curved, expanded and inclined patterns of the 1D-grating are shown, the first time.

A1.2. Particle Nature of Photons, Normal Diffraction Pattern and Curved Diffraction Pattern

Emerging in Same Grating Experiment

In the same experiment with only one grating, D1 shows the particle nature, D3 shows the straight pattern, and D2 shows the curved, expanded and inclined pattern. 

Figure 1 .

 1 Figure 1. Schematic of transmission grating Figure 1 shows a normal commercial transmission grating. In the text book, a normal transmission grating acts as transmission grating only. The green surfaces represent slits, and green arrows represent the transmission light beams. The orange surfaces represent the surfaces between slits.

Figure 2 .

 2 Figure 2. Schematic of transmission grating acting as transmission grating and reflective grating

Figure 3 .

 3 Figure 3. Orientations of transmission grating Figure 3a, 3b and 3c show the vertical slits, horizontal slits and tilt slits (for example, CW rotating 45 0 ) respectively. Note that the tilt slits can be formed by CCW rotating the grating. The experimental setups are shown in Figure 4 respectively.

Figure

  Figure4ashows that the light beam is normally incident on the dual-grating. Screen-1 and screen-3 are on the opposite sides of the dual-grating. Screen-2 is perpendicular to the screen-1/screen-3.

Figure 4 .

 4 Figure 4. Schematic of experimental setup with non-rotating dual-grating

Figure 5 .Figure 6 .

 56 Figure 5. Schematic of dual-grating experiments with vertical slits

Figure 7 .Figure 8 .

 78 Figure 7. Schematic of rotating dual-grating experiments with vertical slits

Figure 9 .Figure 10 .

 910 Figure 9. Schematic of dual-grating experiments with horizontal slits

Figure 11 .Figure 12 .

 1112 Figure 11. Schematic of rotating dual-grating experiments around Y axis with horizontal slits

Figure 13 .Figure 14 .

 1314 Figure 13. Schematic of dual-grating experiments with tilt slits

Figure 15 .

 15 Figure 15. Schematic of rotating dual-grating experiments with tilt slits

Figure 17 .

 17 Figure 17. Schematic of dual-grating experiments with vertical slits

Figure 19 .

 19 Figure 19. Schematic of rotating dual-grating experiments with vertical slits

Figure 21 .

 21 Figure 21. Schematic of dual-grating experiments with horizontal slits

Figure 23 .Figure 24 .

 2324 Figure 23. Schematic of dual-grating experiments with horizontal slits

Figure 25 .Figure 26 .

 2526 Figure 25. Schematic of dual-grating experiments with tilt slits

Figure 27 .

 27 Figure 27. Schematic of dual-grating experiments with tilt slits

Figure 29 .

 29 Figure 29. Schematic of reflective gratingFigure29aand 29b show schematics of a blazed grating and binary grating (rectangular profile)[START_REF] Braig | An EUV beam-splitter based on conical grazing incidence diffraction[END_REF] 

Figure 31 .

 31 Figure 31. Schematics of reflective function of dual-grating (a) and of a reflective blaze grating (b) Figure 31c show the dual roles of a dual-grating. The "orange surfaces" indicate the reflective surfaces. The "green surfaces" in indicate the transmission surfaces.
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