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Special Relativity (SR) is a cornerstone for modern physics and for variety of applications. SR is based on two postulations, the principle of relativity and the principle of constancy of the propagation speed of light wave. However, up to now, the second postulate has not been confirmed experimentally yet. Recently we have shown that light propagate as particles even in "pure" wave experiments. In this article we propose doable modified Michelson's rotating mirror experiments to test the second postulate for photons.

If the experiments show that the constancy of the speed of light propagating as photons holds, then we, the first time, experimentally confirm the second postulation of SR. If the experiments show that the propagation speed of photons is not constant, then, the second postulate of SR is disproved. Either negative result or positive results would be profoundly significant.

Introduction

Young's double slit experiment has been considered as the "pure" wave experiment and showed that light propagate as waves in the aether. The constancy of the speed of light propagating as EM waves in the stationary aether frame was suggested by Maxwell-Lorentz electromagnetics (1895). An important consequence of this notion was that the speed of light is independent of the speed of the emitting source [START_REF]History of Special Relativity[END_REF].

Later, the Michelson-Morley experiment proved the non-existence of the aether [START_REF] Michelson | On the Relative Motion of the Earth and the Luminiferous Ether[END_REF]. Einstein, in March 1905, submitted the article on the photoelectric effect [START_REF] Einstein | On a Heuristic Point of View about the Creation and Conversion of Light[END_REF]. In the article, Einstein proposed, the first time, the concept that light are quanta, photons. Three months later, in June 1905, Einstein submitted another article, in which SR was established based on two postulations, where the second postulation stated that "light is always propagated in empty space with a definite velocity c which is independent of the state of motion of the emitting body" [START_REF] Einstein | On the Electrodynamics of Moving Bodies[END_REF]. Einstein's two articles proposed the particle nature of the light and utilized the wave natures of light respectively and thus, showed the duality of the wave and particle.

However, 50 years later, Einstein and Feynman, among others, were still puzzled by the nature of light/photon. Einstein 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?" [START_REF] Rashkovskiy | Is a rational explanation of wave-Particle duality possible?[END_REF]. Feynman stated that "[the double slit experiment] contains the only mystery [of quantum mechanics]" [START_REF] Feynman | The Feynman Lectures on Physics[END_REF].

Experiments test the second postulate of SR have been studied with synchrotron emitter [START_REF] Apollonov | Experiments Directly Demonstrating that the Speed of Light is Independent of the Velocity of the Source: An Experimental Fact or a Misconception[END_REF][START_REF] Aleksandrov | Direct experimental demonstration of the second special relativity postulate: the speed of light is independent of the speed of the source[END_REF].

Recently, we have performed modified double slit experiments, which have shown experimentally that light is not EM waves [START_REF] Peng | Double Slit Experiment Still Has Much to Offer (8): -Photons Behaving as Particles Create Curved Interference Pattern[END_REF][START_REF] Peng | Curved Interference Pattern Created by Photons Behaving as Particle---Double Slit Experiment Still Has Much to Offer[END_REF][START_REF] Peng | Photon Chamber Showing Incompleteness of Wave Interpretations of Double Slit Experiments[END_REF][START_REF] Peng | Experiments Exploring Mystery of Double Slit ---Utilizing Photon Chamber[END_REF][START_REF] Peng | Incompleteness of Wave Interpretations of Double Slit and Grating Experiments[END_REF]. Moreover, indeed, light do propagate as particles along the trajectories, and the trajectories distribute as wave [START_REF] Peng | Comprehensive-Double Slit Experiments Violating Wave Description and Trajectory Description ---Exploring Mystery of Double Slit Experiments[END_REF][START_REF] Peng | Comprehensive Double Slit Experiments-Exploring Experimentally Mystery of Double Slit[END_REF].

We raise a general question whether the propagations of both wave and particle should be in the same way or in different way. For the light, the question is whether photons propagating as particle should have the constant speed and independent of the motion of the emitting source or observer.

The Michelson's rotating-mirror method provides accurate measurements of the speed of light, but only for the situations in which the emitter and observer are at rest relative to each other. To test the constancy of the propagating speed of photons and answer the above question, we propose the modified Michelson's rotating-mirror-experiments in two catalogs:

1) Quantity: Directly measuring the speed of photons by an observer moving relatively to the emitter (Section 2);

2) Qualitative: Comparing the images produced in the same experiment for two situations: one is that one photon source and the observer are at rest relative to each other; other is that another photon source and the observer are moving relative to each other (Section3).

Doable Experiments: Measuring Speed of Photons of Sun

To measure the speed of photons by a moving observer, we measure the speed of photons of the Sun (source at rest) on the Earth (moving observer). We use Michelson's rotating-mirror method with necessary modifications for our purpose.

Experiment-1: Measuring Speed of Photons Emitted by Sun (1)

The experiment utilizes the modified Michelson experimental setup. The main different is that, in this proposed doable experiment, we measure the speed of the photons emitted by the Sun instead of the light source on the Earth. In this way we can definitely test whether the speed of photons is dependent on the velocity of the source or observer.

Experimental Setup and Methodology:

The ground-based experimental setup (inside the dotted rectangular) is shown below. The apparatus contains: a rotating mirror with eight-mirror-surfaces (may have different number of mirror-surfaces), a reflecting mirror system, an observer, and a guiding device to guide the photons of the Sun to shine on a mirror-surface of the rotating mirror.

All of the components of the apparatus are at rest in the Earth system. The apparatus moves towards right with speed v of the Earth's orbiting speed.

Assume the rotation frequency of the rotating mirror is "f revolution/second". For the rotating mirror of 8-mirror-surface, the time taking the rotating-mirror to rotate 1/8 revolution is

𝑡 = 1 8𝑓
The speed of photons of the Sun is represented by Equation (1):

𝑐 !"#$ = %& ' = 16𝑓𝐿. (1) 

Two possible outcomes:

(1) The first possible outcome: Photons of the Sun propagate with the standard speed of the light even the observer is moving relative to the Sun, i.e., 𝑐 !"#$ = 𝑐, where c is the standard speed of light.

(2) The second possible outcome: Photons of the Sun propagate with the speed measured by the observer on the Earth:

𝑐 !"#$ = (𝑐 + 𝑣). (2) 

Experiment-2: Measuring Speed of Photons Emitted by Sun (2)

Experimental setup and Methodology: rotating the whole apparatus 180 0 (Figure 2) and redo the experiment. The speed of photons of the Sun is represented by Equation (1):

𝑐 !"#( = %& ' = 16𝑓𝐿. (1) 
There are two possible outcomes: In Experiment-1 and Experiment-2, one can definitely measure the speed of the photons of the Sun on the moving Earth and test whether the speed of photons is dependent on the velocity of the source and/or observer.

Doable Experiments: Testing Qualitatively Constancy of Speed of Photons of Sun

In Section 3 we design several ground-based experiments to qualitatively test the constancy of speed of photons.

When the emitter and observer are at rest relative to each other, the propagation speed of light waves is the constant, c. Thus, we use two emitters in the same experiment, one is at rest relative to the observer, another one is moving relative to the observer.

Experiment-3 (Figure 3): Comparing the image of laser source and the image of photons of Sun (1) Experimental setup (Figure 3): the apparatus contains: a rotating mirror with eight-mirror-surfaces (may be different number of mirror-surfaces), a reflecting mirror system, an observing screen, a red laser, and a guiding device to guide the photons of the Sun to shine on a mirror-surface of the rotating mirror, and to align the rays of the Sun with the laser beams.

All of the components (in the dotted rectangular) of the apparatus are at rest relative to the Earth.

Experimental Steps:

First Step: Before rotating the rotating mirror, we arrange the experimental setup such that two images of the red laser and the Sun are align, as shown on the screen (Figure 4). For the observer, the speed of photons of the laser is c. The time the photons taking to travel from the laser source to the observer is

𝑡 = 2𝐿 𝑐
Adjusting the rotation frequency of the rotating-mirror, such that, during the time t, the rotating mirror rotates 1/8 revolution and the image of the laser is observed. For the photons of the laser, there is no change in both the speed and the image. For the image of the Sun, the speed of photons of the Sun to the observer is 𝑐 $ , which is faster than the regular speed c of the light. The time the photons of the Sun taking to travel from the guiding device to the observer is

𝑡 !"#$ = %& ) ! < %& ) . (4) 
Thus, after reflected by the reflecting mirror system, the photons of the Sun would arrive at the rotating mirror earlier than the photons of the red laser. The time difference is

∆𝑡 = %& ) - %& ) ! = %&() ! ()) )) ! . ( 5 
)
After the photons of the Sun arriving at the rotating mirror, for this time difference ∆𝑡, the rotating mirror rotates an angle,

∆𝜃 = 360 , × 𝑓 × ∆𝑡 = -%, " .&() ! ()) )) ! . ( 6 
)
Where "f" is the rotation frequency, revolution /second.

Thus, the image of the Sun shifted a little, the shift distance 𝑆 / of the image of the Sun on the observing screen from its original position is

𝑆 / = 𝑎∆𝜃 = -%, " .&() ! ()) )) ! 𝑎. (7) 
Where "a" is the distance between the rotating mirror and the observing screen.

For 𝑐 $ = 𝑐 + 𝑣, Equation ( 7) becomes

𝑆 / = 𝑎∆𝜃 = -%, " .&0 )()$0) 𝑎. (8) 
Since the speed of the Earth is much smaller than that of the speed of the light, 0 ) ≈ / /,,,, , therefore, the images of the laser and the Sun would show up on the observing screen.

Experiment-4 (Figure 6): Comparing the image of laser source and the image of photons of Sun ( 2)

Experimental setup and Methodology (Figure 6):

The ground-based experimental setup is the same as Experiment-1, except adding a portion on the left-hand side of the rotating mirror, which is mirror-symmetry to the right-hand side of Experiment-3.

In Experiment-4, we utilize four light sources, two are the laser sources, the red laser and green laser (both act as references), that are at rest relative to the rotating mirror/observing screen. Another two are the light from the Sun that can be considered as moving relative to the Earth. Namely, we use not only stationary light sources like normal Michelson's rotating-mirror experiment used, but also use two relative moving light sources, which are the photons from the Sun. The guiding device-1 and guiding device-2 guide the photons of the Sun to shine on two mirror-surfaces of the rotating-mirror respectively, and to align the rays of the Sun with the red laser beams and the green laser beam respectively. All of the components of the apparatus are at rest relative to the Earth system.

In this way we can definitely test whether the speed of photons is dependent on the velocity of the source and/or observer. Experimental Steps: Experiment-4 may be performed in two steps.

First

Step: Before rotating the rotating mirror. One can arrange the experimental setup such that two images of the green laser and the Sun are align, as shown on the observer-screen-2 (Figure 7a). While two images of the red laser and the Sun are shown on the observer-screen-1 like that in Experiment-3 (Figure 4 and7b).

Second

Step: then counterclockwise rotate the rotating-mirror. One would have two possible outputs:

Possible Negative Output: According to Special Relativity, the speed of the photons of the Sun measured by the observing screen-1 and observing screen-2 are constant c and independent of the motion of the observing screens moving with the Earth, i.e.,

𝑐 !"#$ = 𝑐 !"#( = 𝑐
Then the images of the red laser, green laser and the Sun would be the same as that without rotating the rotating mirror (Figure 7). Which indicates that four light beams arrive at the observing screen-1 and observing screen-2 respectively at the same time.

Possible Positive Output: If the speed of the photons of the Sun changes due to the motion of the Experimental setup moving with the Earth relative to the Sun with the speed v, the speed of the photons of the Sun arriving at the observing screen-1 is

𝑐 $ = 𝑐 + 𝑣
then the image would be like that shown in Figure 8 and 5, which is the same as that in Figure -5. The speed of the photons of the Sun arriving at the observing screen-2 is

𝑐 ( = 𝑐 -𝑣. (3) 
then the image would be like that shown in Figure 9. For the two the observing screen-1 and the observing screen-2, the speed of photons emitted by the red laser and the green laser respectively is c. The times the photons taking to travel from the laser sources to the observing screen-1 and the observing screen-2 respectively are the same,

𝑡 = 2𝐿 𝑐

During the time t, the rotating-mirror rotates 1/8 revolution. For the photons of the red laser and the green laser, there is no change in both the speed and the images on the screen-1 and screen-2.

For the image of the Sun, the speed of photons to the observing screen-2 is 𝑐 ( , the time the photons taking to travel from the guiding device to the observing screen-2 is

𝑡 ( = %& ) # = %& )(0 . (9) 
Thus after reflected by the reflecting mirror system-2, the photons of the Sun would arrive at the rotating-mirror later than the photons of the green laser. The time difference is

∆𝑡 = %& ) # - %& ) = %&()() # ) )) # . ( 10 
)
After the photons of the green laser arriving to the rotating mirror, for this time difference ∆𝑡, the rotating mirror rotates an angle,

∆𝜃 = 360 , × 𝑓 × ∆𝑡 = -%, " .&()() # ) )) # . ( 11 
)
Where "f" is the rotation frequency.

Thus, the image of the Sun shifted a little, the shifting distance 𝑆 % of the image of the Sun on the observing screen-2 from its original position is

𝑆 % = -%, " .&()() # ) )) # 𝑏. (12) 
If 𝑐 ( = 𝑐 -𝑣, then equation [START_REF] Peng | Experiments Exploring Mystery of Double Slit ---Utilizing Photon Chamber[END_REF] becomes

𝑆 % = -%, " .&0 )()(0) 𝑏. ( 13 
)
For the image of the Sun on the observing-screen-1, the shift of the image of the Sun from the original position is

𝑆 / = -%, " .&0 )()$0) 𝑎. (8) 
Where "b" is the distance between the rotating-mirror and the observing screen-2, which is equal to "a".

Discussion:

Image of Sun light on screen-2

Image of green laser on screen-2

(A) if one would not observe the shift of the image of the Sun in Experiment-3 and Experiment-4, then the second postulate of the constancy of the speed of photons is confirmed experimentally, the first time.

(B) if one would observe the shift of the image of the Sun in Experiment-3 and Experiment-4, then the second postulate of the constancy of the speed of light is disproved experimentally, the first time.

Conclusion

In Experiment-1 to Experiment-4, the possible negative result would certainly prove, the first time, the second postulate of SR, while the possible positive result would certainly disprove, the first time, the second postulate of SR. Thus, the proposed doable experiments have profound significance.
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