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The phenomena of the rotating grating have been studied and have the varieties application. In this article, we show in detail how to break the diffraction pattern of a rotating grating into three portions corresponding to different diffraction orders "m", and each portion is described by an equation.

Introduction

The phenomena of the diffraction grating are described by the grating equation that states that a grating of spacing "d" will create a diffraction pattern with diffraction orders, "m", at discrete angles 𝜃 ! . The diffracted angle, 𝜃 ! , is the output angle measured from the grating normal. The phenomena of the grating rotating CW and CCW around one axis (parallel to the slits of the grating) at the angle, 𝜃 ! , have been studied [START_REF] Peng | Novel Double Slit and Cross-Double Slit Experiments ---Interference Patterns Depending on Orientation of Diaphragm[END_REF] [START_REF] Peng | Curved, Expanded and Inclined Diffraction Patterns of Grating--Rotating Grating Around Three Axes (1)[END_REF].

In this article we show in detail how to break an individual diffraction pattern into three portions.

Then three portions are described by three different equations respectively.

Math Equations for Rotating Grating CW and CCW

Schematics

Figure 1 shows the setup. The laser light propagates along negative X direction. The slits of the grating are along the Y axis. Figure 2 shows the right-hand rule for determine CW and CCW rotation of the grating along axes. Figure 3 shows that the grating rotates CCW around the Y axis by 𝜃 # , which is equivalent to the light beam shining on the grating at the oblique angle 𝜃 # . The line OO' is the grating normal, O' is on the screen. The "𝐵𝐷 = 𝑑" is the spacing between two slits. The beam-1 and beam-2 along path-1 and path-2, respectively, meet at the point "𝑂' ". After passing the grating, there is no path deference between two beams, i.e., "𝐷𝑂 $ = 𝐵𝑂′. The "AB" is the path-deference of light propagating along path-1 and path-2, so we have

𝑑𝑠𝑖𝑛(𝜃 # ) = 𝑚𝜆. ( 1 
)
The purpose is to determine the diffraction order "𝑚 % ", namely the position of the 𝑂'. For the given "d", "𝜃 # " and "𝜆", the equation (1) gives 

! ! m = 0 𝑚 % = & ' 𝑠𝑖𝑛(𝜃 # ).
(

2)

Example-1: for a grating with 300 slits/mm, 𝜆 = 650 𝑛𝑚 and the CCW rotating angle is 75 0 , we have 𝑚 % ≈ 4.9.

We referred this as the First-Step. The grating equation for this situation is

𝑑𝑠𝑖𝑛(𝜃 # ) + 𝑑𝑠𝑖𝑛(𝜃 ! ) = 𝑚𝜆. (3) 
Example-2: for the grating in Example-1, for the diffraction orders 𝑚 ≥ 5, we use Eq. 3 to describe.

Third

Step: Grating Equations: 𝒎 < 𝒎 𝟎 When 𝑚 < 𝑚 % , the incident angle 𝜃 # and output angle 𝜃 ! are on the opposite sides of grating Normal, i.e., 𝑌 ! is below 𝑂'. We have the path difference, 𝐴𝐵 -𝐷𝐶, where 𝐴𝐵 = 𝑑𝑠𝑖𝑛(𝜃 # ) and 𝐷𝐶 = 𝑑𝑠𝑖𝑛(∠𝐶𝐵𝐷) = 𝑑𝑠𝑖𝑛(𝜃 ! ). The grating equation for this situation is

A B C O O' D ! ! ! " ! ! ! ! d ! " " ! Path-1 Path-2 Path-1 Path-2 m = 0
𝑑𝑠𝑖𝑛(𝜃 # ) -𝑑𝑠𝑖𝑛(𝜃 ! ) = 𝑚𝜆.
(4)

Example-3: for the grating in Example-1, for the diffraction orders 𝑚 ≤ 4, we use Eq. 4 to describe.

Procedure and conclusion: to describe each individual diffraction pattern for the experiment of the grating rotating CCW around the Y axis, first step is to determine 𝑚 % by Eq. ( 2), then utilize Eq. (3)

to describe the diffraction orders with 𝑚 > 𝑚 % ; and Eq. ( 4) to describe the diffraction orders with 𝑚 < 𝑚 % to determine the positions of the different diffraction orders respectively.

Math Equations for Rotating CW Grating Around Y axis

First

Step: determine the diffraction order "𝒎 𝟎 "

Figure 6 shows that the grating rotates CW around the Y axis by 𝜃 # , which is equivalent to the light beam shining on the grating at the oblique angle 𝜃 # . The line OO' is the grating normal. The spacing between two slits is "d". The beam-1 and beam-2 along path-1 and path-2, respectively, meet at the point "𝑂' ". After passing the grating, there is no path deference between two beams, i.e., 𝐷𝑂 $ = 𝐵𝑂′. The "AB" is the path-deference of light propagating along path-1 and path-2, so we have

A B O O' D ! ! ! " ! " d ! ! " " C Path-1 Path-2 Path-1 Path-2 A B O O' ! ! d Path-1 Path-1 Path-2 Path-2 D 𝑑𝑠𝑖𝑛(𝜃 # ) = 𝑚𝜆. (5) 
The purpose is to determine the diffraction order "𝑚 % ". For the given "d", "𝜃 # " and "𝜆", Eq. ( 5) gives

𝑚 % = & ' 𝑠𝑖𝑛(𝜃 # ). (6) 
Eq. ( 5) and Eq. ( 6) have the same form as that Eq. ( 1) and Eq. ( 2) respectively. The grating equation is,

𝑑𝑠𝑖𝑛(𝜃 # ) + 𝑑𝑠𝑖𝑛(𝜃 ! ) = 𝑚𝜆. (8) 
Procedure and conclusion: to describe each individual diffraction pattern for the experiment of the grating rotating CW around the Y axis, first step is to determine 𝑚 % by Eq. ( 6), then utilize Eq. ( 7) to describe the diffraction orders with 𝑚 > 𝑚 % ; and Eq. ( 8) to describe the diffraction orders with 𝑚 < 𝑚 % , to determine the positions of the different diffraction orders respectively.

Discussion and Conclusion

For an individual diffraction pattern of the rotating grating, we break the pattern into 3 portions, then use different equations to describe each portion of the pattern:

1) 𝑚 = 𝑚 % : described by Eq. ( 2) and Eq. ( 6) for CCW and CW rotation respectively;

2) 𝑚 > 𝑚 % : described by Eq. (3) and Eq. ( 7) for CCW and CW rotation respectively 3) 𝑚 < 𝑚 % : described by Eq. (4) and Eq. ( 8) for CCW and CW rotation respectively. 
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 22 Second Step: Grating Equations: 𝒎 > 𝒎 𝟎 When 𝑚 > 𝑚 % , the incident angle 𝜃 # and output angle 𝜃 ! are on the same side of grating normal, i.e., 𝑌 ! is below 𝑂'. We have the path difference, 𝐴𝐵 + 𝐵𝐶, where 𝐴𝐵 = 𝑑𝑠𝑖𝑛(𝜃 # ) and 𝐵𝐶 = 𝑑𝑠𝑖𝑛(𝜃 ! ).
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 4 Figure 4. Second Step: determine grating Equation (1)
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 5 Figure 5. Third Step: determine grating Equation (2)
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 6 Figure 6. First Step: Determine grating diffraction order "𝑚 % "
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 2 Second Step: grating equation: 𝒎 > 𝒎 𝟎 When 𝑚 > 𝑚 % , the incident angle 𝜃 # and output angle 𝜃 ! are on the opposite sides of the grating normal, i.e., 𝑌 ! is above 𝑂'. We have the path difference, 𝐴𝐵 -𝐷𝐶, where 𝐴𝐵 = 𝑑𝑠𝑖𝑛(𝜃 # ) and 𝐷𝐶 = 𝑑𝑠𝑖𝑛(∠𝐶𝐵𝐷) = 𝑑𝑠𝑖𝑛(𝜃 ! ).
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 7 Figure 7. Second Step: determine grating Equation (1) The diffraction equation is 𝑑𝑠𝑖𝑛(𝜃 # ) -𝑑𝑠𝑖𝑛(𝜃 ! ) = 𝑚𝜆.(7)
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 8 Figure 8. Third Step: determine grating Equation (2)

Table : Summary

 : 

	Grating	𝑚 = 𝑚 !	𝑚 > 𝑚 !	𝑚 < 𝑚 !
	CCW rotation 𝑑𝑠𝑖𝑛(𝜃 CW rotation 𝑚 ! = 𝑑 𝜆 𝑠𝑖𝑛(𝜃 " ) 𝑚 ! = 𝑑 𝜆 𝑠𝑖𝑛(𝜃 " ) 𝑑𝑠𝑖𝑛(𝜃		

" ) + 𝑑𝑠𝑖𝑛(𝜃 # ) = 𝑚𝜆 𝑑𝑠𝑖𝑛(𝜃 " ) -𝑑𝑠𝑖𝑛(𝜃 # ) = 𝑚𝜆 " ) -𝑑𝑠𝑖𝑛(𝜃 # ) = 𝑚𝜆 𝑑𝑠𝑖𝑛(𝜃 " ) + 𝑑𝑠𝑖𝑛(𝜃 # ) = 𝑚𝜆