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𝐄(𝑡) 𝐁(𝑡)
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𝑺

〈𝑺〉 𝐼 𝐼 ∝ 𝐸2
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𝐄
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𝑣

𝑉 𝑣

𝑉
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𝑉
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𝒫 = [𝑊 𝑠⁄ ]

𝐼

𝑉

𝐤𝑖

𝐤𝑓

𝐪(𝜃) = 𝐤𝑓 − 𝐤𝑖

|𝐪(𝜃)| = 𝑞 =
4𝜋𝑛

𝜆
sin (

𝜃

2
)                                                 (2.1)

𝑛 𝜆 𝜃
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𝑬𝒊(𝑟, 𝑡) = 𝐧𝐢𝐸0 exp 𝑖[𝐤𝑖 ∙ 𝐫 − 𝜔𝑖𝑡]

𝐧𝐢 𝐸0 𝐤𝑖 𝜔𝑖

𝜆

𝜃

𝜃
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𝐤𝐟(𝜃)
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𝑔2(𝑞, 𝑡)
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 

 

 

𝐼

〈𝐼〉 = lim
𝑇→∞

1

𝑇
∫ 𝐼(𝑡) 𝑑𝑡

𝑇

0

                                                       (2.2)

𝐼

𝐷𝐿𝑆

𝐼(𝑡) 𝐼(𝑡 + 𝜏) 𝜏

𝑡

〈𝐼(0)𝐼(𝜏)〉 = lim
𝑇→∞

1

𝑇
∫ 𝐼(𝑡) 𝐼(𝑡 + 𝜏) 𝑑𝑡

𝑇

0

                                 (2.3)

∆𝑡 𝑡 =

𝑗∆𝑡 𝜏 = 𝑛∆𝑡 𝑇 = 𝑁∆𝑡 𝑡 + 𝜏 = (𝑗 + 𝑛)∆𝑡

𝐼

〈𝐼(0)𝐼(𝜏)〉 ≅ lim
𝑁→∞

1

𝑁
∑ 𝐼𝑗  𝐼𝑗+𝑛

𝑁

𝑗=1
                                      (2.4)

𝜏 𝜏~𝑡 〈𝐼(0)𝐼(𝜏)〉 ≈ 〈𝐼(0)𝐼(0)〉 =

〈𝐼2〉

𝜏

𝜏 > 𝑡 𝐼(𝑡) 𝐼(𝑡 + 𝜏)
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〈𝐼2〉 ≥ 〈𝐼(0)𝐼(𝜏)〉

lim
𝜏→∞

〈𝐼(0)𝐼(𝜏)〉 = 〈𝐼(0)〉〈𝐼(𝑡)〉

𝑔2(𝑞, 𝑡) =
〈𝐼(𝑡)〉〈𝐼(𝑡 + 𝜏)〉

〈𝐼(𝑡)2〉
                                           (2.5)

2.4

𝑛

∆𝑡

𝑛

∑ 𝐼𝑗  𝐼𝑗+1, ∑ 𝐼𝑗  𝐼𝑗+2, … ∑ 𝐼𝑗  𝐼𝑗+𝑁
𝑁
𝑗=1

𝑁
𝑗=1

𝑁
𝑗=1

𝑗 𝑁

𝑔2

𝐷

𝐺(𝑟, 𝑡)

𝜕

𝜕𝑡
𝐺(𝑟, 𝑡) = 𝐷∇2𝐺(𝑟, 𝑡)                                                    (2.6)

𝐹(𝐪, 𝑡)

𝜕

𝜕𝑡
𝐹(𝐪, 𝑡) = −𝑞2𝐷 𝐹(𝐪, 𝑡)                                                 (2.7)

𝐹(𝐪, 𝑡) = 𝑒−𝑞2𝐷 𝜏 = 𝑒−Γ 𝜏                                                  (2.8)
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𝑔1(𝐪, 𝑡) =
〈𝐸(𝐫, 𝑡)〉〈𝐸∗(𝐫, 𝑡 + 𝜏)〉

〈𝐸(𝐫, 𝑡)2〉
                                         (2.9)

𝐹(𝐪, 𝑡)

(2.9)

〈𝐸(𝐫, 𝑡)〉〈𝐸∗(𝐫, 𝑡 + 𝜏)〉 ∝ 𝐹(𝐪, 𝑡)                                           (2.10)

|𝑔1(𝐪, 𝑡)| = 𝑒−Γ 𝜏                                                      (2.11)

𝐷𝐿𝑆

𝑔2(𝑞, 𝑡) 𝑔1(𝐪, 𝑡)

𝑔2(𝑞, 𝑡) = 𝐵 + 𝛽[|𝑔1(𝐪, 𝑡)|2]                                         (2.12)

𝐵 𝑔2(𝑞, 𝑡) 𝑡 → ∞

1 𝛽
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𝑔2(𝑞, 𝜏) − 𝐵 𝐵 = 1 𝑔2(𝑞, 𝜏) − 1 ≡ 𝑔2−1

𝐵

𝑔1

𝐷𝐿𝑆

𝑔2(𝑞, 𝜏)

𝑔1(𝑞, 𝜏)

𝐹(𝐪, 𝑡)

 

𝑔1 (2.11)

𝐵 𝛽 Γ

Γ = 𝑞2𝐷

(𝜂)

(𝑅𝐻)

𝐷 =
𝐾𝐵 𝑇

6𝜋𝜂𝑅𝐻
                                                       (2.13. a)

𝐷 = 𝜇 𝐾𝐵 𝑇 =
𝐾𝐵 𝑇

𝜍
                                               (2.13. b)
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𝐾𝐵 𝑇 𝐾𝐵 = 1.3806 𝐽𝐾−1 

𝑇 𝜂𝑅𝐻 𝜇

𝜍

𝐷𝐿𝑆

Γ

𝑞2 Γ 𝑞2

𝐷

𝑔1

𝐺(Γ)

𝑔1(𝜏) = ∫ 𝐺(Γ)

∞

0

𝑒−Γ𝜏𝑑Γ                                             (2.14)

𝑔1(𝜏) 𝑀(−𝜏, Γ) = 𝑔1(𝜏)

𝑔1(𝜏)

𝐾(−𝜏, Γ) ≡ ln[𝑔1(𝜏)] = ln[𝑀(−𝜏, Γ)]

𝑔1(𝜏) 𝜅𝑖

𝜅𝑚(Γ)

𝐾(−𝜏, Γ) 𝜏

𝐾𝑚(Γ) =
𝑑𝑚𝐾(−𝜏, Γ)

𝑑(−𝜏)𝑚
                                              (2.15)

ln[𝑔1(𝜏)]

3

ln[𝑔1(𝜏)] = −Γ𝜏̅̅ ̅ +
𝜅2

2!
𝜏2 −

𝜅3

3!
𝜏3 + ⋯                                  (2.16)
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𝜅1 𝜅3 𝜅1

𝜅2 𝜅3

𝑔2−1(𝜏)

ln[𝑔2(𝜏) − 1] = ln
𝛽

2
− Γ𝜏̅̅ ̅ +

𝜅2

2!
𝜏2 −

𝜅3

3!
𝜏3 + ⋯                         (2.17)

𝑔2−1(𝜏)

𝑔2

𝐵 𝛽 𝑔1
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𝐷𝐿𝑆

𝜆 633 𝑛𝑚

12.6 𝑚𝑊

200 𝑚𝑚

 

𝐷𝐿𝑆
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20 𝑐𝑚

𝜃

𝜃1

, 𝜃3 𝐤f3

𝜃1 𝐤f1
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𝐤𝑓1(𝜃1) 𝐤𝑓3(𝜃3)

𝑛𝑀𝐴 sin(𝜃1) = 𝑛𝑉 sin(𝜃2) 𝑛𝑀𝐴

𝜃1 𝑛𝑉

𝜃2 

𝜃1 =

sin−1[(𝑛𝑉 𝑛𝑀𝐴⁄ ) sin(𝜃2)]

𝑛𝑉 sin(𝜃2) = 𝑛𝐴 sin(𝜃3) 𝑛𝐴

𝜃3

sin 𝜃2 = (𝑛𝐴 𝑛𝑉⁄ ) sin(𝜃3)

𝜃1 = sin−1 {(
𝑛𝐴

𝑛𝑀𝐴
) sin 𝜃3}                                                (3.1)

𝜃𝑐 = sin−1(𝑛𝐴 𝑛𝑀𝐴⁄ )

𝜃1 > 49°
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60°

70° 40° 45°

𝑞 = 𝑞(𝑛, 𝜃)

𝜽𝟑 = 𝟔𝟎° 𝜽𝟑 = 𝟕𝟎°

𝜽𝟏

|𝐪(𝜽𝟏)|

𝒏𝒎−𝟏
𝜽𝟏

|𝐪(𝜽𝟏)|

𝒏𝒎−𝟏
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𝜃3

𝐿2 15 𝑐𝑚

488 633 𝑛𝑚

𝑧0 𝑥𝑧

𝑦𝑧 𝐿2

𝑥0, 𝑦0 , 𝑧0
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"2𝑓 𝐿2

633 𝑛𝑚

50% ∶

50%

𝑔2−1
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𝜆 = 488 𝑛𝑚

2𝑓
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𝑔2−1
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𝑥𝑧
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300 𝑛𝑚 500 𝑛𝑚 0.2 𝑀 0.2 𝑀
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𝐷𝐿𝑆

 

300 𝑛𝑚

500 𝑛𝑚 1 × 10−4 % 𝑤𝑠𝑜𝑙𝑖𝑑𝑜𝑠/𝑣𝑜𝑙𝑢𝑚𝑒𝑛

0.1 𝜇𝑚

 

13.4 𝑀Ω 0.1 𝜇𝑚

𝐷(+)

342.30 𝑔 𝑚𝑜𝑙⁄

180.16 𝑔 𝑚𝑜𝑙⁄ 0.2

0.1 𝜇𝑚
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65.02 𝑔 𝑚𝑜𝑙⁄

3 𝑚𝑀

20° 𝐶 𝑛𝑊 = 1.333

𝑛𝐺 = 1.338 𝑛𝑆 = 1.342

𝜂 20° 𝐶

𝜂𝑊 = 1 𝑚𝑃𝑎 ∗ 𝑠 0.2 𝑀 𝜂𝐺 =

1.13 𝑚𝑃𝑎 ∗ 𝑠 0.2 𝑀 𝜂𝑆 = 1.19 𝑚𝑃𝑎 ∗ 𝑠

4° 𝐶

0.3 0.5 𝜇𝑚

13.4 𝑀Ω, 0.2 𝜇𝑚

0.1, 0.01 0.001 0.0001 %

 

8 𝜇𝑙 𝛼 5 𝑚𝑔 𝑚𝑙⁄

2 𝑚𝑚

0.2 𝑀



34 
 

60° ± 3° 𝐶

𝑽𝒑𝒑 𝑯𝒛 𝒎𝒊𝒏
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0.2 𝑀

50 150 𝑛𝑚

 

𝐻2𝑆𝑂4

𝐻2𝑂2
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~65° 𝐶

20 𝜇𝑙

65° 𝐶



37 
 

100 𝜇𝑙

45° 𝐶

2.5 𝑚𝑚
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110° 𝐶
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𝑔1

500 𝑛𝑚 0.01%, 0.001%

0.0001% 𝑤𝑠ó𝑙𝑖𝑑𝑜𝑠 𝑣⁄ 0.2 𝑀

𝑔1

4.3 𝑔2−1

𝛽 𝑔1 =

[|𝑔2−1| 𝛽⁄ ]
1

2⁄

(2.11)

𝑔1 Γ = 0.09553 𝑚𝑠−1

𝑞2 = 0.000103 𝑛𝑚−2 (2.8)

𝐷 = 92.747 𝑛𝑚2 𝑚𝑠⁄ 𝑅𝐻 ≈ 200 𝑛𝑚

Γ

𝐵 = 1

𝐵
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1 × 10−2 % 1 × 10−3 %

1 𝜇𝑚
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𝑔2−1 2.2

𝑔1

2.2

[Γ] = [𝑞2𝐷] = 𝑠−1

4.5
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