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Van der Waals

𝑛𝑒𝐾𝐵𝑇𝑒
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 4  1 

λD =  
𝐾𝐵𝑇

4𝜋𝑛 𝑍𝑒 2
                                                                                                                                   ( 1.1)

𝐾𝐵𝑒𝑇𝑛 = 𝑛𝑒

 4 

𝜔𝑝 =   4𝜋𝑛 𝑍𝑒 2/𝑚                                                                                                                           (2.1)

 𝑛𝑟0

 4  1 

 
4

15
  2𝜋 3/2𝑛𝑟0

3 = 1                                                                                                                              (3.1)

 1 
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𝛤 =
        

   
=
 𝑍𝑒 2

𝐾𝐵𝑇𝑟0

 4.1 

𝐹 =
 𝑍𝑒 2

𝐾𝐵𝑇𝜆𝐷
                                                                                                                                               (5 .1)

𝑣 =
𝑟0

𝜆𝐷

𝑣 = 1

1 > 𝑣

1 < 𝒗

(3.1)(5 .1)

𝛤 =
 

4

15
  2𝜋 

3

2

𝜆𝐷
2 4𝜋𝑟0

𝑟0
3 =  

2

15
  2𝜋 

1

2𝑣2 ≃
𝑣2

3
                                                                                          (6.1)

𝐹 =
 

4

15
  2𝜋 

3

2

𝜆𝐷
2 4𝜋𝜆𝐷

𝑟0
3 =  

2

15
  2𝜋 

1

2𝑣3 ≃
𝑣3

3
                                                                                     ( 7.1)
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𝑍𝑒

φ 𝑟 = 𝑍𝑒/𝑟

𝑍𝑒 𝑟 > 𝜆𝐷  𝑟 < 𝜆𝐷 

𝜑 𝑟 =
𝑍𝑒

𝑟
𝑒−𝑟/𝜆𝐷

fractional in two points
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𝑍𝑒𝑍1𝑒

𝑍1 = 𝑍 = 1

φ(𝑟)𝜌 𝑟 

∇2𝜑 𝑟 = −4𝜋𝜌 𝑟 = 4𝜋𝑍𝑒𝑛0 − 4𝜋𝑍𝑒𝑛0 exp −
𝑍𝑒𝜑 𝑟 

𝐾𝐵𝑇
 − 4𝜋𝑍1𝑒𝛿 𝑟                               (1.2)

 (1.2)

quasifractional in two points)PérezMartin 5 

φ(𝑟)

𝜑 𝑟 =
𝑍1𝑒

𝑟
+ 𝑉 𝑟 

𝑌 𝑟 =
𝑍𝑒𝑉 𝑟 

𝐾𝐵𝑇
,  

𝐹 =
𝑍1𝑍𝑒

2

𝜆𝐷𝐾𝐵𝑇

𝑥 =
𝑟

𝜆𝐷
, 𝜆𝐷= 

𝑘𝐵𝑇

4𝜋𝑛0(𝑍𝑒)2

(1.2)
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∇2  
𝑍1𝑒

𝑟
+ 𝑉 𝑟  =

1

𝑟2

𝑑

𝑑𝑟
(𝑟2

𝑑

𝑑𝑟
 
𝑍1𝑒

𝑟
+ 𝑉 𝑟  

= 4𝜋𝑍𝑒𝑛0  1 − exp −
𝑍1𝑍𝑒

2

𝑘𝐵𝑇
𝑟

𝜆𝐷
𝜆𝐷
−
𝑍𝑒𝑉 𝑟 

𝐾𝑇
  

1

𝑥2

1

𝜆𝐷
2

𝑑

𝑑𝑥
 𝑥2

𝑑𝑉 𝑥 

𝑑𝑥
 =

4𝜋𝑍𝑒𝑛0

𝐾𝐵𝑇
 1 − exp −

𝐹

𝑥
− 𝑌 𝑥   

𝑍𝑒

𝑍𝑒
𝐾𝐵𝑇

1

𝑥2

𝑑

𝑑𝑥
 𝑥2

𝑑𝑌

𝑑𝑥
 = 1− exp −

𝐹

𝑥
− 𝑌 𝑥                              (2.2)

𝑌 𝑥 

𝑌 0 = 𝐶0,    𝑌(∞) ≃ −
𝐹

𝑥
                                                                                                                      (3.2)

𝑌 𝑥 =
𝐹

𝑥
𝑦 (𝑥)

(2.2)

1

𝑥2

𝑑

𝑑𝑥
 𝑥2

𝑑

𝑑𝑥
 
𝐹

𝑥
𝑦  𝑥   = 1 − exp −

𝐹

𝑥
−
𝐹

𝑥
𝑦  𝑥  

1

𝑥2

𝑑

𝑑𝑥
 −𝐹𝑦  𝑥 + 𝐹𝑥

𝑑𝑦 

𝑑𝑥
 =

𝐹

𝑥

𝑑2𝑦 

𝑑𝑥2
= 1− exp −

𝐹

𝑥
 1 + 𝑦  𝑥   

𝑦 ′′ =
𝑥

𝐹
 1 − exp −

𝐹

𝑥
 1 + 𝑦  𝑥    (4.2)

𝑥 ∞ 0 𝐹 ≫ 𝑥 و 

𝐹 ≪ 𝑥

 𝑠 =
𝑥

𝐹
,      𝑦 𝑠 = 𝑦 (𝐹𝑠)
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(4.2)

1

𝐹2

𝑑2

𝑑𝑠2
𝑦  𝐹𝑠 = 𝑠[1 − exp −

1

𝑆
(1 + 𝑦  𝐹𝑠)  ]

𝑑2𝑦 𝑠 

𝑑𝑠2
= 𝑦′′  𝑠 = 𝐹2𝑠  1 − exp −

1 + 𝑦 𝑠 

𝑠
  (5.2)

𝑦 𝑠 → 0 = 0, y 𝑠 → ∞ =  −1 , 𝑦′  𝑠 → 0 = 𝑌 0 = 𝐶0(6.2)

(5.2)

 𝑠 → 0 ,𝑦 0 = 0 → 𝑦1
′′  𝑠 = F2S(7.2)

(6.2)(5.2)

𝑦1
′  𝑠 =

F2s2

2
+ 𝐾1,𝑦1

′  𝑠 → 0 = 𝐶0 =  𝐾1

𝑦1  𝑠 =
F2s3

6
+ 𝐶0𝑠 + 𝐾2,    𝑦1 𝑠 → 0 = 0 = 𝐾2 

𝑦1  𝑠 =
F2s3

6
+ 𝐶0𝑠                                                                                                                       (8.2)

𝑠 → ∞(5.2)

𝑠 → ∞ → exp(−
1 + 𝑦2(𝑠)

𝑆
) ≃ 1 −  

1 + 𝑦2(𝑠)

𝑠

𝑦2
′′  𝑠 ≃ 𝐹2𝑠  1 − 1 +

1 + 𝑦2(𝑠)

𝑠
 ≃ 𝐹2 1 + 𝑦2(𝑠) 
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𝑦2 𝑠 = 𝐶1 exp −𝐹𝑥 + 𝐶2 exp +𝐹𝑥 − 1

𝑦2 𝑠 → ∞ = 0 ⇒ 𝑦2 = 𝐶1 exp −𝐹𝑥 − 1

quasifractional approximant

𝑦 𝑠 (5.2)𝑦 𝑠 𝑠 → 0𝑠 → ∞𝑦1 𝑠 𝑦2 𝑠 

𝑦 𝑠 =
1 + 𝑃1 𝑠 + 𝑃2𝑠

2 + 𝑃3𝑠
3

(1 + 𝑠)3
exp −𝐹𝑠 − 1                                                      (9.2)

𝑃1 𝑃2𝑃3𝑦 𝑠 𝑠 = 0𝑦1 𝑠 

exp −𝐹𝑠 ≃ 1− 𝐹𝑠 +
𝐹2𝑠2

2
−
𝐹3𝑠3

6

(1 + 𝑠)−3 ≃ 1− 3𝑠 + 6𝑠2 − 10𝑠3

𝑦 𝑠 =  1− 3𝑠 + 6𝑠2 − 10𝑠3  1 + 𝑃1 𝑠 + 𝑃2𝑠
2 + 𝑃3𝑠

3  1 − 𝐹𝑠 +
𝐹2𝑠2

2
−
𝐹3𝑠3

6
 − 1

= 1 + 𝑃1 𝑠 + 𝑃2𝑠
2 + 𝑃3𝑠

3 − 𝐹𝑠 − 𝐹𝑃1 𝑠
2 − 𝐹𝑃2𝑠

3 +
𝐹2

2
𝑠2 +

𝐹2

2
𝑃1 𝑠

3 − 3𝑠

− 3𝑃1 𝑠
2 − 3𝑃2𝑠

3 + 6𝑠2 + 6𝑃1 𝑠
3 − 10𝑠3 − 1 =

𝐹2𝑠3

2
+ 𝐶0𝑠

𝑃1 = 3 + 𝐹 + 𝐶0

𝑃2 = 3 + 3𝐹 +
1

2
𝐹2 +  3 + 𝐹 𝐶0

𝑃3 = 1 = 3𝐹 +
5

3
𝐹2 +

1

6
𝐹3 +  3 + 3𝐹 +

1

2
𝐹2 𝐶0
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𝑃𝑖𝐶0lanoitcarfisauq𝐶0

(2.2)0 ← F∞ ← 𝐹

0 ← F(4.2)

𝑑2y  𝑥 

𝑑𝑥2
=
𝑥

𝐹
 1− 1 +

𝐹

𝑥
 1 + y  𝑥   

y ′′ 𝑥 = 1 + y  𝑥 

y  𝑥 = 𝑒𝑥𝑝 −𝑥 − 1

𝑌 𝑥 =
𝐹

𝑥
 𝑒𝑥𝑝 −𝑥 − 1 

(3.2)

𝑌 0 = 𝐶0 ≃ −𝐹

∞ ← 𝐹0 ← 𝑠 =
𝑥

𝐹
(7.2)

𝑥 = 𝑆𝐹 ⇒ 𝑌 𝑥 ≃
𝑥2

6
+ 𝐶0 = 𝑌𝑎 𝑥 

∞ ← 𝑥(3.2)

𝑌 𝑥 =
−𝐹

𝑥
= 𝑌𝑏 𝑥 

𝑌𝑏 𝑥 = 𝑌𝑎 𝑥 𝑌𝑏
′ 𝑥 = 𝑌𝑎

′ 𝑥 

𝑐0 = −(
3

2

3

2
)𝐹

2

3
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𝐶00 ← 𝐹∞ ← 𝐹lanoitcarfisauq

𝐹

𝐶0 = −𝐹/(1 + (
8

9
𝐹)𝛼)

1

3𝛼

α𝛼 =
3

5

𝑦 ′′ 𝑠 =
𝑥

𝐹
[1− exp(−

𝐹

𝑥
(1 + 𝑔 𝑠 exp −𝐹𝑆 − 1)]

=
𝑥

𝐹
[1 − exp(−

𝐹

𝑥
 𝑔 𝑠 exp −𝐹𝑆  )]

𝑌 𝑟 =
𝑍𝑒𝑉 𝑟 

𝑘𝑇
→
𝑘𝑇

𝑍𝑒
𝑌 𝑟 +

𝑧1𝑒

𝑟
= 𝜑(𝑟)

𝜑 𝑟 =
𝐾𝐵𝑇

𝑧𝑒
 
𝐹𝜆𝐷
𝑟
  𝑔 𝑠 exp −𝐹𝑠 − 1 +

𝑧1𝑒

𝑟

=
𝐾𝐵𝑇

𝑍𝑒

𝑍1𝑍𝑒
2

𝜆𝐷𝐾𝐵𝑇
 
𝜆𝐷
𝑟
  𝑔 𝑠 exp  −

𝑟

𝜆𝐷
 − 1 +

𝑧1𝑒

𝑟

𝜑 𝑟 =
𝑧1𝑒

𝑟
𝑔 𝑠 exp  −

𝑟

𝜆𝐷
                    (10.2)

𝑃( 𝑟1    , 𝑟2     ) dr1    dr2    𝑟1    𝑟2     1 

 𝑃𝑆 𝑟1,     𝑟2     dr1    dr2    = 1  
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𝑔 𝑟1,     𝑟2     𝑉

𝑔  𝑟1,     𝑟2     = 𝑉2𝑃𝑆 𝑟1,     𝑟2     

1

𝑉
 g r dr = 1

𝑣(𝑟) 1 

𝑔 𝑟 = exp(−
𝑣(𝑟)

𝐾𝐵𝑇
)

𝐾𝐵

(10.2)

𝑣 𝑟 =
𝑍1𝑍𝑒

2

𝑟
𝑔 𝑠 exp  −

𝑟

𝜆𝐷
 

𝑔 𝑟 = exp −
𝑍1𝑍𝑒

2

𝐾𝐵𝑇𝑟
𝑔 𝑠 𝑒𝑥𝑝  −

𝑟

𝜆𝐷
                                                                                         (11.2)

𝑦 = 𝑟/𝑟0

𝑔 𝑦 = exp  −
𝑍1𝑍𝛤

𝑦
𝑔 𝑠 𝑒𝑥𝑝 −𝑣𝑦                    (12.2)

𝑔𝐷𝐿 𝑦 = exp  −
𝑧1𝑍𝛤

𝑦
𝑒𝑥𝑝 −𝑣𝑦                                 (13.1)
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𝑔(𝑟)

𝑔(𝑟)

(11.2)

(12.2)
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𝑦 = 𝑟/𝑟0𝑔 𝑦 𝑔𝐷𝐿(𝑦) 

    1.000000E-01    1.369608E-01    1.395524E-01 

    2.000000E-01    3.971163E-01    4.029457E-01 

    3.000000E-01    5.649964E-01    5.715634E-01 

    4.000000E-01    6.725989E-01    6.789013E-01 

    5.000000E-01    7.455435E-01    7.512602E-01 

    6.000000E-01    7.974437E-01    8.025092E-01 

    7.000000E-01    8.357843E-01    8.402274E-01 

    8.000000E-01    8.649459E-01    8.688269E-01 

    9.000000E-01    8.876430E-01    8.910290E-01 

        1.000000    9.056391E-01    9.085941E-01 

        1.100000    9.201260E-01    9.227077E-01 

        1.200000    9.319361E-01    9.341952E-01 

        1.300000    9.416671E-01    9.436473E-01 

        1.400000    9.497581E-01    9.514969E-01 

        1.500000    9.565385E-01    9.580680E-01 

        1.600000    9.622594E-01    9.636071E-01 

        1.700000    9.671152E-01    9.683048E-01 

        1.800000    9.712586E-01    9.723102E-01 

        1.900000    9.748108E-01    9.757419E-01 

        2.000000    9.778690E-01    9.786946E-01 

        2.100000    9.805118E-01    9.812449E-01 

        2.200000    9.828035E-01    9.834552E-01 

        2.300000    9.847969E-01    9.853771E-01 

        2.400000    9.865358E-01    9.870528E-01 

        2.500000    9.880566E-01    9.885178E-01 

        2.600000    9.893898E-01    9.898017E-01 

        2.700000    9.905611E-01    9.909293E-01 

        2.800000    9.915922E-01    9.919217E-01 

        2.900000    9.925017E-01    9.927967E-01 

        3.000000    9.933053E-01    9.935697E-01 

        3.100000    9.940163E-01    9.942536E-01 

        3.200000    9.946467E-01    9.948596E-01 

        3.300000    9.952061E-01    9.953974E-01 

        3.400000    9.957032E-01    9.958752E-01 

        3.500000    9.961457E-01    9.963003E-01 

        3.600000    9.965398E-01    9.966790E-01 

        3.700000    9.968913E-01    9.970167E-01 

        3.800000    9.972051E-01    9.973181E-01 

        3.900000    9.974856E-01    9.975875E-01 

        4.000000    9.977365E-01    9.978284E-01 

 

 

 

𝑔(𝑦)

𝑔𝐷𝐿(𝑦)𝑣 = 0.8
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𝑣 = 0,6

𝑣 = 0.8

𝑣 = 1,2,3

 

𝑣 = 1, 2, 3
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Holtsmark 1 

OCP

 

𝑍1𝑒𝑟 1

𝑍𝑒𝑍 = 𝑍1
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𝑉𝑖1 𝑟 =  
𝑍1𝑍𝑒

2

𝑟𝑖1
𝑔 𝑠𝑖1 exp  −

𝑟𝑖1
𝜆𝐷
 

𝑁

𝑖=2

                            (1.3) 

𝑔 𝑠𝑖1 =
1 + 𝑝1𝑠𝑖1 + 𝑝2𝑠𝑖1

2 + 𝑝3𝑠𝑖1
3

 1 + 𝑠𝑖1 3
,          𝑠𝑖1 = 𝑟𝑖1/𝐹𝜆𝐷

𝑟 1

𝐸  = −
1

𝑍1𝑒
∇   𝑉𝑖1 =  𝑍𝑒𝑓(

𝑁

𝑖=2

𝑟𝑖1)
 𝑟 1 − 𝑟 𝑖 

𝑟𝑖1
                                                                     (2.3) 

𝑓(𝑟) =
1

𝑟2
  1 +

𝑟

𝜆𝐷
 𝑔 𝑠 − 𝑟

𝑑𝑔 𝑠 

𝑑𝑟
 exp  −

𝑟

𝜆𝐷
  

𝑑𝑔 𝑠 

𝑑𝑠
= 𝑔′ 𝑠 =

𝑑

𝑑𝑠
 

1 + 𝑝1𝑠 + 𝑝2𝑠
2 + 𝑝3𝑠

3

 1 + 𝑠 3
 =

𝑝1 1− 2𝑠 + 𝑝2 2𝑠 − 𝑠
2 + 3𝑝3𝑠

2 − 3

 1 + 𝑠 3
 

 

𝑊 𝐸   휀 𝐸  𝑟 1

𝑊 𝐸   

𝑊 𝐸   =  𝛿 휀 − 𝐸                                                                                                                 (3.3)

 …  
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𝐹 𝑘   𝑊 𝐸   

𝐹 𝑘   =  exp(𝑖𝑘.    𝐸  )𝑊 𝐸   𝑑𝐸  

=  exp(𝑖𝑘.    𝐸  ) 𝛿 휀 − 𝐸    𝑑𝐸  

𝐹 𝑘    =  exp(𝑖𝑘.    𝐸  )                                                                                                         (4.3)

𝑊 𝐸   =
1

 2𝜋 3
 exp(−𝑖𝑘.    𝐸  )𝐹 𝑘   𝑑𝑘                                                                                 (5.3)

𝐹 𝑘   spectral function 8  7 

𝐹 𝑘   = exp  𝑛 𝑘     (6.3) 

𝑛 𝑘   

𝑛 𝑘   = 𝑛 (exp(𝑖𝑘  .𝐸  ) − 1)𝑑𝑟 = 𝑛2𝜋  exp 𝑖𝑘𝐸𝑐𝑜𝑠𝜃 − 1 𝑟2𝑑𝑟𝑑𝑐𝑜𝑠𝜃 

= 2𝜋𝑛 (
sin 𝑘𝐸 

𝑘𝐸

∞

0

− 1)𝑟2𝑑𝑟 

𝑧 = 1

𝑦 =
𝑟

𝑟0
 ,   𝑥 = 𝑘𝐸0   ,𝐸 =

𝐸

𝐸0

𝐸0 =
e

r0

E =
𝐸

E0
=

1

y2
  1 + 𝑣y 𝑔 s − y

d𝑔(𝑠)

ds

𝑣

F
 exp −𝑣𝑦                                                                       (7.3) 
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𝑛 𝑥 =
15

2

1

 2𝜋 
1

2

  
sin𝐸 𝑥

𝐸 𝑥
− 1 𝑦2𝑑𝑦

∞

0

(8.3) 

𝐹 𝑥 = exp 𝑛 𝑥  = exp 
15

2

1

 2𝜋 
1

2

  
sin𝐸 𝑥

𝐸 𝑥
− 1 𝑦2𝑑𝑦

∞

0

 (9.3) 

𝑊( 𝐸  )𝛽 =
𝐸

𝐸0
 

𝑊 𝐸   =
2𝜋

 2𝜋 3
  exp 𝑖𝑘𝐸𝑐𝑜𝑠𝜃 𝐹(𝑥)𝑘2𝑠𝑖𝑛𝜃𝑑𝜃𝑑𝑘

𝜋

0

∞

0

 

=
1

 2𝜋 2
 

sin(𝑘𝐸)

𝑘𝐸

∞

0

𝐹 𝑥 𝑘2𝑑𝑘 

𝑊 𝐸   

=
1

𝐸0
3 2𝜋 2

 
sin(𝑥𝛽)

𝛽𝑥
𝐹(𝑥)𝑥2𝑑𝑥

∞

0

                                                                                       (10.3) 

𝑃 𝐸 = 4𝜋𝐸2𝑊 𝐸   

=
4𝜋  𝐸2

𝐸0
3

1

 2𝜋 2
 

sin(𝑥𝛽)

𝛽𝑥
𝐹 𝑥 𝑥2𝑑𝑥

∞

0

𝐻 𝛽 = 𝐸0𝑃 𝐸 =
2𝛽

𝜋
 sin 𝑥𝛽 𝐹 𝑥 𝑥𝑑𝑥
∞

0

                                                                    (11.3)

 

𝑛(𝑥)(8.3)(7.3)

(11.3)𝐻(𝛽)
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 اتدأ

, حساب انمقادير   Γ, 𝑐0 ,𝑃1 ,𝑃2 ,𝑃3 
 

 𝑣ادخال قيمة 
 

  E  وانحقم انكهرتائي𝑔 𝑠 ,𝑔′(𝑠)حساب 
 

 𝑛(𝑘)حساب طيف اندانة 

حساب دانة انتىزيع انحقم انكهرتائي 

 𝐻(𝛽)انمجهري 

 إطثع   اننتائج في مهف  اخراج

 تىقف
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𝛽 



26 

 

𝑛(𝑥)𝑥
3

2( 1.12 + 0.373𝑥0.199)

𝑛(𝑥)

𝐻(𝛽)

 9 𝑣 = 0,2𝑣 = 0,4

𝑛(𝑥)(8.3)

  𝑣 = 0.2, 0.4 ,0.6, 0.8
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Résumé 

Grace à cette étude, nous calculons la fonction de distribution du 

microchampélectriqued’impuretéioniquedansun plasma à unecomposante, les 

calculssontbasésl’interaction de Debye non linéaire entre les particuleschargées. 

Divers comparaisons entre les résultatsobtenus par 

notremodèleetd’autrestravauxdans le cas d’un couplagefaible et fort, ontmontré 

un bon accord, ceci encourage les chercheurs à améliorercemodèle tenant 

compte des ordressupérieurs. 

Mots clés :fonction de distribution de microchampélectrique, interaction Debye 

non linéaire, plasma. 

 

 

Abstract 

Though this study, we compute the electric microfield distributionof impurity 

ion in the one ionic component plasma, the calculation is based on the 

knowledge nonlinear Debye interaction between charged particles. Various 

comparison between our work results and others work, in the case of weak and 

strong coupling, showed a good agreement, these results us 

to improve the electric microfield distribution models for higher order 

corrections. 

.Key words:electricmicrofield distribution, nonlinear Debye interaction, plasma 


