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𝑅0𝑣 = |
𝜀 𝜃 − √𝜀 − 2𝜃

𝜀 𝜃 + √𝜀 − 2𝜃
|
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𝑅0ℎ = |
𝜃 − √𝜀 − 2𝜃

𝜃 + √𝜀 − 2𝜃
|
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 

 

 𝑛⃗ 

𝑘𝑖
⃗⃗  ⃗

𝑘𝑠
⃗⃗⃗⃗ 

𝛾𝑎𝑏(𝑘𝑖,⃗⃗⃗⃗ 𝑘𝑠,⃗⃗⃗⃗  ⃗ )

𝛾𝑎𝑏(𝑘𝑖,⃗⃗⃗⃗ 𝑘𝑠,⃗⃗⃗⃗  ⃗ ) =  ∫ 𝑑𝑆𝑦 ∫ 𝑑𝑆𝑥𝑃(𝑆𝑢, 𝑆𝑐)𝛾𝑎𝑏(𝑛,⃗⃗⃗  𝑘𝑖
⃗⃗  ⃗, 𝑘𝑠

⃗⃗⃗⃗  )
𝜃

−∞

∞

−∞

𝛾𝑎𝑏(𝑛⃗ , 𝑘𝑖
⃗⃗  ⃗, 𝑘𝑠

⃗⃗⃗⃗ )    

𝛾𝑎𝑏(𝑛⃗ , 𝑘𝑖
⃗⃗  ⃗, 𝑘𝑠

⃗⃗⃗⃗ )

𝜎𝑢
2 𝜎𝑐

2

𝛾𝑎𝑏(𝑛⃗ , 𝑘𝑖
⃗⃗  ⃗, 𝑘𝑠

⃗⃗⃗⃗ )



 


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𝛾𝑎𝑏(𝑛⃗ , 𝑘𝑖
⃗⃗  ⃗, 𝑘𝑠

⃗⃗⃗⃗ )

   



   

Ψ(𝐾⃗⃗ ) = Ψ(𝐾, 𝜑) = Ψ𝑠(𝐾, 𝜑) + Ψ𝑙(𝐾, 𝜑)

Ψ𝑙(𝐾, 𝜑) = Ψ(𝐾, 𝜑)                ∀ 𝐾 < 𝐾𝑑      

Ψ𝑠(𝐾, 𝜑) = Ψ(𝐾, 𝜑)                ∀ 𝐾 ≥ 𝐾𝑑      

 

Ψ𝑠(𝐾, 𝜑, 𝑆𝑢) = 𝐻(𝑆𝑢)Ψ𝑠(𝐾, 𝜑)
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 

  

   

𝛾𝑎𝑏(𝑛⃗ , 𝑘𝑖
⃗⃗  ⃗, 𝑘𝑠

⃗⃗⃗⃗ )

  

〈𝜂2〉 = ∫ Ψ𝑠
∞

0
(𝐾⃗⃗ ) 𝑑𝐾⃗⃗ = ∫ ∫ Ψ𝑠

2𝜋

0

∞

0
(𝐾, 𝜑)𝐾𝑑𝐾𝑑𝜑

 

𝜎𝑢
2 𝜎𝑐

2  
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𝜎2 = 𝜎𝑢
2 + 𝜎𝑐

2 = ∫ 𝐾2Ψ𝑙
∞

0
(𝐾⃗⃗ ) 𝑑𝐾⃗⃗ =∫ (𝐾𝑢

2 + 𝐾𝑐
2)Ψ𝑙

∞

0
(𝐾⃗⃗ ) 𝑑𝐾⃗⃗ 

 

Ψ𝑙(𝐾⃗⃗ ) 𝑑𝐾⃗⃗ = Ψ𝑙 (𝐾, 𝜑)𝐾𝑑𝐾𝑑𝜑

  

 



2

0

2

0

32 ,cos dKdKK lu

  

 



2

0

2

0

32 ,sin dKdKK lc

 

 

   


 ,
2

1
),( KKS

K
K 

 

   

Ω

𝑇𝐵𝑝
TOA = 𝜏𝑒𝑝𝑇 + 𝑇𝐵𝑈 + 𝜏𝑟𝑝[Ω𝐷𝑇𝐵𝐷 + 𝜏Ω𝐶𝑇𝐶]

𝑇𝐵
TOA = 𝜏𝑒𝑇 + 𝑇𝐵𝑈 + 𝜏𝑟𝑇𝐵Ω

𝑇𝐵scat = 𝑟𝑇𝐵Ω = 𝑟{(1 + Ω)[𝑇𝐵𝐷 + (𝜏 − 1)𝑇𝐶] + 𝑇𝐶}
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Ω

Ω =
𝑇𝐵scat−𝑟𝑇𝑐

𝑟[𝑇𝐵𝐷+(𝜏−1)𝑇𝐶]
− 1

𝑇𝐶 𝑇𝐵𝐷

𝑇𝐵scat = 𝑟(1 + Ω)𝑇𝐵D

Ω =
𝑇𝐵scat

𝑟𝑇𝐵𝐷
− 1

Ω





𝜀𝑓(𝑇, 𝑆) = [𝑓𝑎 + (1 − 𝑓𝑎)𝜀
1

2]
2


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

𝑆𝑠(𝐾) = 𝑎0𝐾
−3 (

𝑏𝐾𝑢∗
2

𝑔∗
)
𝑎 10(

𝐾

𝐾𝑑
)

 





 

𝑆𝑙(𝐾) = 𝑏0𝐾
−3 [− (

𝐾𝑐

𝐾
)
2
]



𝑏0 = 𝑎0 [+(
𝐾𝑐

𝐾𝑑
)
2
]

𝐾𝑐 =
𝑔

𝑢19.5
2  

𝑢(𝑧) =
𝑢∗

0.4
(
𝑧

𝑧0
)

𝑧0 =  6.84 × 10−5 𝑢∗⁄ + 4.28 × 10−3𝑢∗
2 − 4.43 × 10−4
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     2cos11,
2sKecK 



𝑐 =  
1−𝑅

1+𝑅

2

1−𝐷

𝑅 =
3+1.92𝑈12.5

3.16𝑈12.5
× 10−3

𝐷 =
∫ 𝐾2𝑆(𝐾)𝑒−𝑠𝐾2

𝑑𝐾
∞

0

∫ 𝐾2𝑆(𝐾)𝑑𝐾
∞

0

 

𝑆𝑙(𝐾)

 

 

   



  

   
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  

𝑆𝑠(𝐾)

(𝑏𝐾𝑢∗
2 𝑔∗⁄ )𝑟(𝐾) 𝑟(𝐾) 𝑎 10

(𝐾 𝐾𝑑⁄ )

 (𝐾𝑢∗
2 𝑔∗⁄ )

 𝑔∗

 𝑟(𝐾)

 

 

Φ(𝐾,𝜑) =
8

3𝜋
( 𝜑)4 {1 − [−

𝑔2

2𝐾2(𝑈(𝑢∗))
4]}

+
1

𝜋
[1 −

𝐴

2
+ 𝐴( 𝜑)2] [−

𝑔2

2𝐾2(𝑈(𝑢∗))
4]

 

 

Φ(𝐾,𝜑) =
1

𝜋
[1 −

𝐴

2
+ 𝐴( 𝜑)2]

2𝜑 =
1

2
+

1

2
2𝜑

Φ(𝐾, 𝜑) =
1

𝜋
[1 +

𝐴

2
𝜑] =

1

𝜋
[1 + 𝑎1(𝐾) 𝜑]

Φ(𝐾, 𝜑) =
1

𝜋
[1 + ∑ 𝑎𝑛(𝐾, 𝑢∗)

𝑁
𝑛=1 (𝑛𝜑)]         −

𝜋

2
< 𝜑 <

𝜋

2

𝑎𝑛(𝐾, 𝑢∗)

Φ(𝐾, 𝜑) =
1

𝜋
[1 + 𝑎1 𝜑 + 𝑎2 𝜑]

𝜑 = 2 2𝜑 − 1 2𝜑 4𝜑
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Φ(𝐾, 𝜑) =
1

𝜋
[(1 − 𝑎1 + 𝑎2) + (2𝑎1 − 8𝑎2)( 𝜑)2 + 8𝑎2( 𝜑)4]



Φ(𝐾, 𝜑) =
8

3𝜋
( 𝜑)4

 𝜑 ∈ (0, 2𝜋)

 


1

𝜋
= 𝑎0

𝑎1

𝜋
= 𝑎1

Φ(𝐾, 𝜑) =
1

𝜋
+

𝑎1

𝜋
𝜑 = 𝑎0 + 𝑎1 𝜑

𝑎0 = 
1

2𝜋
𝜎2 = 𝜎𝑢

2 + 𝜎𝑐
2

𝑎1 =
1

𝜋

1−𝑅

1+𝑅

𝜎𝑐
2

𝜎𝑢
2 = 𝑅

Φ(𝐾, 𝜑) =
1

2𝜋
[1 + 2

1−𝑅

1+𝑅
𝜑]

Φ(𝐾, 𝜑) = 𝑎0 + 𝑎1(1 − 𝑒−𝑏𝐾2
) 𝜑



𝑎0 = 
1

2𝜋

𝑎1 =
1

𝜋

1−𝑅

1+𝑅

1

1−𝐵

𝐵 =
∫ 𝐾2𝑆(𝐾)𝑒−𝑏𝐾2

𝑑𝐾
∞

0

∫ 𝐾2𝑆(𝐾)𝑑𝐾
∞

0

1−𝑅

1+𝑅

1

1−𝐵
=

𝑐

2

Φ(𝐾, 𝜑) =
1

2𝜋
[1 + 𝑐(1 − 𝑒−𝑏𝐾2

) 𝜑]
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𝑅 =
0.003+1.92×10−3𝑈12.5

3.16×10−3𝑈12.5



 



 

 𝑐 =  
1−𝑅

1+𝑅

2

1−𝐷

 

 

 

 

𝑆𝑙(𝐾) 𝑆𝑠(𝐾)  

 



 𝑆𝑙(𝐾)
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


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