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𝐹𝑑 𝐹𝑟

𝐹𝑑
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cos(𝑎 + 𝑏) = cos(𝑎) . cos(𝑏) − sin(𝑎) . sin (𝑏)

𝑎

𝑏

𝑎 = 2. 𝜋. 𝑓0 𝑏 =  𝜑(𝑡)

𝑐𝑜𝑠(2𝜋𝑓0𝑡 + 𝜑(𝑡)) = cos(2𝜋𝑓0𝑡) . cos(𝜑(𝑡)) − sin(2𝜋𝑓0𝑡) . 𝑠𝑖𝑛𝜑(𝑡))

𝐼(𝑡)  =  𝑐𝑜𝑠(𝜑(𝑡))  𝑄(𝑡)  = 𝑠𝑖𝑛(𝜑(𝑡)) ’é

𝑐𝑜𝑠 (2𝜋𝑓0𝑡 + 𝜑(𝑡)) = 𝑐𝑜𝑠 (2𝜋𝑓0𝑡). 𝐼(𝑡) − 𝑠𝑖𝑛 (2𝜋𝑓0𝑡). 𝑄(𝑡)

 𝑠𝑖𝑛 (𝑎 + 𝑏) = 𝑐𝑜𝑠 (𝑎). 𝑠𝑖𝑛 (𝑏) + 𝑐𝑜𝑠 (𝑏). 𝑠𝑖𝑛 (𝑎)

{
cos(2𝜋𝑓0𝑡 + 𝜑(𝑡)) = cos(2𝜋𝑓0𝑡) . 𝐼(𝑡) − sin(2𝜋𝑓0𝑡) . 𝑄(𝑡)

𝑠𝑖𝑛 (2𝜋𝑓0𝑡 + 𝜑(𝑡)) = 𝑠𝑖𝑛 (2𝜋𝑓0𝑡). 𝐼(𝑡) + 𝑐𝑜𝑠 (2𝜋𝑓0𝑡). 𝑄(𝑡) 
}

{
cos(2𝜋𝑓0𝑡 + 𝜑(𝑡)) = cos(2𝜋𝑓0𝑡) . 𝐼(𝑡) + cos (2𝜋𝑓0𝑡 + 

𝜋

2
) . 𝑄(𝑡) 

𝑠𝑖𝑛 (2𝜋𝑓0𝑡 + 𝜑(𝑡)) = 𝑠𝑖𝑛 (2𝜋𝑓0𝑡). 𝐼(𝑡)  +  𝑠𝑖𝑛 (2𝜋𝑓0𝑡 +  
𝜋

2
). 𝑄(𝑡)  

}
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𝐼(𝑡) 𝑄(𝑡) 

𝑐𝑜𝑠 (2𝜋𝑓0𝑡 + 𝜑(𝑡)) 𝑠𝑖𝑛 (2𝜋𝑓0 𝑡 + 𝜑(𝑡)) 

’ é

{
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𝑅𝐹2 = 𝑠𝑖𝑛 (2𝜋𝑓0𝑡). 𝐼(𝑡) + 𝑐𝑜𝑠 (2𝜋𝑓0𝑡). 𝑄(𝑡) 

}

𝐼(𝑡) 𝑄(𝑡)

𝐼(𝑡) 𝑄(𝑡)

cos (2𝜋𝑓0𝑡) 𝑠𝑖𝑛 (2𝜋𝑓0𝑡)

 {
𝐼(𝑡) =  𝑅𝐹1(𝑡). cos(2𝜋𝑓

0
𝑡) +  𝑅𝐹2(𝑡). sin(2𝜋𝑓

0
𝑡)   

   𝑄(𝑡)  =  −𝑅𝐹1(𝑡). 𝑠𝑖𝑛 (2𝜋𝑓
0
𝑡)  +  𝑅𝐹2(𝑡). 𝑐𝑜𝑠 (2𝜋𝑓

0
𝑡)     

}

𝐼𝑄(𝑡) = 𝐼(𝑡)  +  𝑖. 𝑄(𝑡) 

| 𝐼𝑄(𝑡) | = 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 𝑑𝑢 𝑠𝑖𝑔𝑛𝑎𝑙

𝑎𝑟𝑔(𝐼𝑄(𝑡)) = 𝑓𝑑𝑜𝑝𝑝𝑙𝑒𝑟
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(𝑥 , 𝑦 , 𝑡) 𝐶𝑎

( 𝑥. 𝑦 , 𝑡)

𝐶𝑎

 𝐶𝑎 = 𝑈. 𝑆. 𝑉

𝑈 𝐶𝑎 ( 𝑥. 𝑦  , 𝑥. 𝑦 )

𝑉 𝐶𝑎 ( 𝑡 , 𝑡 )

𝑆  ( 𝑥. 𝑦  , 𝑡 )

𝐶𝑎 𝐴𝑖 𝐴𝑖 = 𝑈𝑖 ⊗  𝑉𝑖

𝑠𝑖 𝑆
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𝐶𝑎 𝐶𝑎 = ∑  𝑠𝑖 . 𝑈𝑖 . 𝑉𝑖𝑖

𝑉𝑖 𝑡 𝑈𝑖

𝑥. 𝑦 ( 𝑥 , 𝑦 )

𝑠𝑖

𝑈𝑖 ⊗  𝑉𝑖 𝐶𝑎

𝑠𝑖 𝑈𝑖 ⊗  𝑉𝑖

𝑠𝑖 𝑈𝑖 ⊗  𝑉𝑖

𝐶𝑎
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s(x, z) 

(x, z) 

𝑠𝑛𝑜𝑟𝑚(𝑥, 𝑦) =  
𝑠(𝑥, 𝑧) − 𝑠(𝑥, 𝑧)̅̅ ̅̅ ̅̅ ̅̅

√∑ (𝑠(𝑥, 𝑧) − 𝑠(𝑥, 𝑧)̅̅ ̅̅ ̅̅ ̅̅ )2𝑁𝑡
𝑡=1

𝑠(𝑥, 𝑧)̅̅ ̅̅ ̅̅ ̅̅ 𝑠(𝑥, 𝑧)
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fUS(x, z, t) 

𝑓𝑈𝑆(𝑥, 𝑧, 𝑡) 

𝑓𝑈𝑆(𝑥, 𝑧, 𝑡) =  ∑ 𝜆𝑚𝑜𝑑𝑒 . 𝑈𝑚𝑜𝑑𝑒(𝑥, 𝑦). 𝑉𝑚𝑜𝑑𝑒(𝑡)

𝑁

𝑚𝑜𝑑𝑒

𝑈𝑚𝑜𝑑𝑒

𝑉𝑚𝑜𝑑𝑒

𝜆𝑚𝑜𝑑𝑒

𝜆𝑚𝑜𝑑𝑒

𝑓𝑈𝑆(𝑥, 𝑧, 𝑡) 𝜆𝑚𝑜𝑑𝑒

𝑈𝑚𝑜𝑑𝑒(𝑥, 𝑦) 𝑉𝑚𝑜𝑑𝑒(𝑡)

𝜆𝑚𝑜𝑑𝑒
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𝑟 𝑖,𝑗 =  
∑ (𝑠𝑖(𝑡) −  𝑠�̅�)((𝑠𝑗(𝑡) − 𝑠�̅�)

𝑁𝑡
𝑡=1

√∑ (𝑠𝑖(𝑡) −  𝑠�̅�)2𝑁𝑡
𝑡=1

√∑ (𝑠𝑗(𝑡) −  𝑠�̅�)2𝑁𝑡
𝑡=1

𝑠�̅� 𝑠𝑖

𝑟𝑖,𝑗 𝑀𝑖,𝑗 𝐌

𝑀𝑗,𝑗
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𝑐𝑐𝑜𝑟𝑡𝑒𝑥̅̅ ̅̅ ̅̅ ̅̅ ̅ = 0.59

𝑐9−10 = 0.44

𝑐11−12 = 0.23

𝑐11−12 = 0.52 𝑐9−10 = 0.70

𝑐𝑚𝑎𝑡𝑟𝑖𝑐𝑒̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = 0.13 𝑐1−8 = 0.03 𝑐2−7 = 0.08 𝑐3−6 =

0.18  𝑐4−5 = 0.59

𝑐1−8 = 0.27

𝑐2−7 = 0.35 𝑐3−6 = 0.48  𝑐4−5 = 0.30

𝑐9−10 = 0.72 𝑐11−12 = 0.19

𝑐𝑚𝑎𝑡𝑟𝑖𝑐𝑒̅̅ ̅̅ ̅̅ ̅̅ ̅̅ = 0.13
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𝑠𝑐𝑜𝑟𝑒𝑇1 = 0.13 𝑠𝑐𝑜𝑟𝑒𝑇2 = −0.016

𝑠𝑐𝑜𝑟𝑒𝑇4 = 0.55 𝑝(𝑇4/𝑇1) = 0.018

𝑠𝑐𝑜𝑟𝑒𝑇5 = 0.59 𝑝(𝑇5/𝑇1) = 0.0011 𝑠𝑐𝑜𝑟𝑒𝑇6 = 0.51 𝑝(𝑇6/𝑇1) = 0.019

𝑠𝑐𝑜𝑟𝑒𝑇7 = 0.50 𝑝(𝑇7/𝑇1) = 0.014
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𝑠𝑐𝑜𝑟𝑒𝑖𝑛𝑖𝑡 = −0.025 𝑠𝑐𝑜𝑟𝑒𝑠𝑐𝑜𝑝 = 0.23

𝑝 = 0.12
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𝑝 = 0.28

𝑠𝑐𝑜𝑟𝑒𝑖𝑛𝑖𝑡 = −0.19 𝑠𝑐𝑜𝑟𝑒𝑠𝑐𝑜𝑝 =

0.43 𝑝 = 0.013

𝑝 = 0.0067

𝑠𝑐𝑜𝑟𝑒𝑖𝑛𝑖𝑡 =

0.080 𝑠𝑐𝑜𝑟𝑒𝑠𝑐𝑜𝑝 = −0.09

𝑝 = 0.04

𝑝 = 0.0023
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𝑃1,7 = 0.088

𝑃2,7 = 0.089  𝑃3,7 = 0.097  𝑃6,7 = 0.11 𝑃2,8 = 0.080  𝑃3,8 = 0.11  𝑃6,8 = 0.093

p = 2 × 10−6 
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𝑠𝑐𝑜𝑟𝑒𝑖𝑛𝑖𝑡 = −0.09)

𝑠𝑐𝑜𝑟𝑒𝑠𝑐𝑜𝑝𝑜0.1 = 0.35 𝑠𝑐𝑜𝑟𝑒𝑠𝑐𝑜𝑝𝑜0.2 = 0.13  𝑠𝑐𝑜𝑟𝑒𝑠𝑐𝑜𝑝𝑜0.5 = 0.56

𝑠𝑐𝑜𝑟𝑒𝑠𝑐𝑜𝑝𝑜3 = 0.61

𝑝(𝑖𝑛𝑖𝑡𝑖𝑎𝑙/𝑠𝑐𝑜𝑝𝑜0.1) =

0.0059 𝑝(𝑖𝑛𝑖𝑡𝑖𝑎𝑙/𝑠𝑐𝑜𝑝𝑜0.5) = 3 × 10−4 𝑝(𝑖𝑛𝑖𝑡𝑖𝑎𝑙/𝑠𝑐𝑜𝑝𝑜03) = 7 × 10−6 

𝑝(𝑖𝑛𝑖𝑡𝑖𝑎𝑙/𝑠𝑐𝑜𝑝𝑜0.2) = 0.17

 𝑠𝑡𝑑𝑠𝑐𝑜𝑝𝑜0.2 = 0.54

𝑝(𝑖𝑛𝑖𝑡𝑖𝑎𝑙/𝑚𝑖𝑙𝑎𝑚𝑒𝑙𝑖𝑛𝑒) = 0.011
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𝑺

𝐼𝑄𝑡𝑒𝑚𝑝  →   𝑟𝑒𝑠ℎ𝑎𝑝𝑒(𝐼𝑄) = 𝑺

𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 ∶ [x, y, z, t]   →  [(x, y, z) , t] 

𝑺

𝑐𝑜𝑣(𝑆) = 𝑆∗. 𝑆

𝑺      →                  𝑐𝑜𝑣(𝑺)                 =   𝑺∗. 𝑺

𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 ∶ [(x, y, z), t]  →  [𝑡, (x ∗ y ∗ z)][(x ∗ y ∗ z), 𝑡] =    [t, t] 

𝑐𝑜𝑣(𝑺)

𝐷𝑖𝑎𝑔(𝑺)   =  𝑣𝑒𝑐𝑡. 𝑝𝑟𝑜𝑝𝑟𝑒𝑠 × 𝑣𝑎𝑙. 𝑝𝑟𝑜𝑝𝑟𝑒𝑠

𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 ∶ 𝐷𝑖𝑎𝑔([𝑡, 𝑡])     =            [𝑡, 𝑡]            ×       [𝑡, 𝑡]           =   [𝑡, 𝑡]  

𝑅𝑒𝑡𝑟𝑎𝑖𝑡 𝑑𝑒𝑠 𝑝𝑟𝑒𝑚𝑖𝑒𝑟𝑠 𝑚𝑜𝑑𝑒𝑠 →              𝑺        ×  𝐷𝑖𝑎𝑔(1→30=0)(𝑺)   =     𝑺𝒇𝒊𝒍𝒕𝒓é

𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 ∶                                  →  [(x ∗ y ∗ z), 𝑡]  ×            [𝑡, 𝑡]                   = [(x ∗ y ∗ z), 𝑡]          
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𝑺

𝑟𝑒𝑠ℎ𝑎𝑝𝑒(𝑺𝒇𝒊𝒍𝒕𝒓é)  →     𝑰𝑸𝒇𝒊𝒍𝒕𝒓é     

𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 ∶  [(x ∗ y ∗ z), 𝑡]    →    [𝑥, 𝑦, 𝑧, 𝑡]          

𝐼𝑄𝑓𝑖𝑙𝑡𝑟é
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𝐻𝑁

𝐼 𝐻𝑁 . 𝐻𝑁
𝑡 = 𝑁. 𝐼
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𝐻2 = [
1 1
1 −1

]

𝐻2. [
𝑝1

𝑝2
] = [

𝑝1+𝑝2 
𝑝1 − 𝑝2

]

𝐻2
𝑡

𝐻2
𝑡 . [

𝑝1+𝑝2

𝑝1 − 𝑝2
] =

 𝐻2
𝑡 . 𝐻2. [

𝑝1

𝑝2
] =  [

2. 𝑝1

2. 𝑝2
] 

√𝟖
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μ

μ

μ
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μ

μ
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𝑑𝑜𝑝𝑣𝑜𝑥(𝑡) 𝑠𝑡𝑖𝑚(𝑡)

𝑟𝑣𝑜𝑥
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𝑟𝑣𝑜𝑥 =  
∑ (𝑑𝑜𝑝𝑣𝑜𝑥(𝑡)−𝑑𝑜𝑝𝑣𝑜𝑥(𝑡)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ )𝑁

𝑡=1 .(𝑠𝑡𝑖𝑚(𝑡)−𝑠𝑡𝑖𝑚(𝑡)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅)

√∑ (𝑑𝑜𝑝𝑣𝑜𝑥(𝑡)−𝑑𝑜𝑝𝑣𝑜𝑥(𝑡)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ )
2𝑁

𝑡=1 .√∑ (𝑠𝑡𝑖𝑚(𝑡)−𝑠𝑡𝑖𝑚(𝑡)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅)2𝑁
𝑡=1

𝑑𝑜𝑝𝑣𝑜𝑥(𝑡)

𝑑𝑜𝑝𝑣𝑜𝑥(𝑡)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅
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𝑟𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥 = 0.35

𝑟télencéphale = 0.31

𝑟𝑐𝑜𝑟𝑡𝑒𝑥𝜖 [0.45 0.65] à

é è

é

𝑟(𝑖𝑛𝑡𝑟𝑎 − 𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥)  =  0,37 𝑟(𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥 − 𝑎𝑢𝑡𝑟𝑒𝑠) = 0,19

𝑟(𝑖𝑛𝑡𝑟𝑎 − 𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥)  =  0,37 𝑟(𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥 − 𝑎𝑢𝑡𝑟𝑒𝑠) = 0,09 

𝑟(𝑖𝑛𝑡𝑟𝑎 − 𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥)  =  0,40 𝑟(𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥 − 𝑎𝑢𝑡𝑟𝑒𝑠) = 0,13

𝑟(𝑖𝑛𝑡𝑟𝑎 − 𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥)  =  0,24 𝑟(𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥 − 𝑎𝑢𝑡𝑟𝑒𝑠) = 0,21 

𝑟(𝑖𝑛𝑡𝑟𝑎 − 𝑡é𝑙𝑒𝑛𝑐é𝑝ℎ𝑎𝑙𝑒)  =  0,29     𝑟(𝑒𝑛𝑑𝑏𝑟𝑎𝑖𝑛 − 𝑎𝑢𝑡𝑟𝑒𝑠) = 0,21

𝑟(𝑖𝑛𝑡𝑟𝑎 − 𝑡é𝑙𝑒𝑛𝑐é𝑝ℎ𝑎𝑙𝑒)  =  0,33 𝑟(𝑒𝑛𝑑𝑏𝑟𝑎𝑖𝑛 − 𝑎𝑢𝑡𝑟𝑒𝑠) = 0,11

𝑟(𝑖𝑛𝑡𝑟𝑎 − 𝑡é𝑙𝑒𝑛𝑐é𝑝ℎ𝑎𝑙𝑒)  =  0,28 𝑟(𝑒𝑛𝑑𝑏𝑟𝑎𝑖𝑛 − 𝑎𝑢𝑡𝑟𝑒𝑠) = 0,11

𝑟(𝑖𝑛𝑡𝑟𝑎 − 𝑡é𝑙𝑒𝑛𝑐é𝑝ℎ𝑎𝑙𝑒)  =  0,36 𝑟(𝑒𝑛𝑑𝑏𝑟𝑎𝑖𝑛 − 𝑎𝑢𝑡𝑟𝑒𝑠) = 0,21

𝑟(𝑖𝑛𝑡𝑟𝑎 − 𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥) 

𝑟(𝑛é𝑜𝑐𝑜𝑟𝑡𝑒𝑥 − 𝑎𝑢𝑡𝑟𝑒𝑠) =
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λ
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 𝐸 =
𝜎

∈

𝜎

ϵ ∈=
𝛥𝐿

𝐿

𝛥𝐿

𝜸

 𝛾 =
𝛥𝐿⊥

𝛥𝐿//

𝛥𝐿⊥ 

𝛥𝐿//

𝛾 =
𝐸

2µ
− 1

𝜸
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 µ =
𝐹

𝑆

𝛥𝑥

𝑙

γ

 µ =
𝐸

2.(1+γ )

γ

 µ ≈
𝐸

3

 
 

 

𝐾 = −
1

𝑉

𝑑𝑉

𝑑𝑃
𝑉

𝑃

γ

 𝐾 =
𝐸

3.(1−2.γ)

 𝐾 ≫ 1



151 

 

 

 

 



152 

 

 

 

 𝑐𝑃 =  √
𝐾

𝜌

 

 𝑐𝑆 =  √
µ

𝜌

ρ
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𝑐𝑃

𝑐𝑆 𝑐𝑃 𝑐𝑃
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α

𝑝0

𝑟

 𝑓 =  − 
𝑑�̅�

𝑑𝑧
. 𝑟

𝛱

 
𝑑�̅�

𝑑𝑧
= −2. 𝛼.

𝑝0
2

𝜌0.𝑐2

𝜌0

 𝑓 = −2. 𝛼.
𝑝0

2

𝜌0.𝑐2
. 𝑟

 𝑓(𝑟, 𝑡) =  −2. 𝛼.
𝑝0

2

𝜌0.𝑐2
. 𝑟𝑒𝑐𝑡(𝑇)

• 𝑝0

• 𝑇

≈
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𝑓(𝑟, 𝑡) =  �⃗�. 𝛿(𝑡). 𝛿(𝑟) 𝑎

�⃗�
𝑎⁄  

 𝐺(𝑟, 𝑡) =  𝑔𝑃(𝑟, 𝑡) +  𝑔𝑆(𝑟, 𝑡) +  𝑔𝑃,𝑆(𝑟, 𝑡) 

𝑔𝑃(𝑟, 𝑡)
1

𝑐𝑝
2 .

1

𝑟
 . 𝛿 (𝑡 −

𝑟

𝑐𝑃
) . 𝑟//

𝑐𝑃 =  √
𝐾

𝜌

𝑟// 𝑟

𝑓

𝑔𝑆(𝑟, 𝑡)
1

𝑐𝑆
2 .

1

𝑟
 . 𝛿 (𝑡 −

𝑟

𝑐𝑆
) . 𝑟⊥

𝑐𝑆 =  √
µ

𝜌

𝑟⊥

𝑟 𝑓

𝑔𝑃,𝑆(𝑟, 𝑡)
1

𝑟2
 

𝑐𝑆 =  √
µ

𝜌
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(𝑥, 𝑧)

𝑠𝑖𝑔𝑛𝑥,𝑧(𝑡) 𝑠𝑖𝑔𝑛𝑥,𝑧(𝑡 + 𝑑𝑡) 𝑑𝑡

𝑑𝑡

𝑠𝑖𝑔𝑛𝑥,𝑧(𝑡) 𝑠𝑖𝑔𝑛𝑥,𝑧(𝑡 + 𝑑𝑡) 

𝑑𝑡

(𝑥, 𝑧) 𝐼𝑄

𝐼𝑄𝑥,𝑧(𝑡)  =  𝐼(𝑡)  +  𝑖. 𝑄(𝑡)   

𝐼(𝑡) 𝑄(𝑡)

𝑑𝑡

𝐼𝑄𝑥,𝑧(𝑡) 𝐼𝑄𝑥,𝑧(𝑡 + 𝑑𝑡)

𝐼𝑄(𝑡) = 𝐴. 𝑒𝑖.𝜔.𝑡

𝑡 + 𝑑𝑡  𝐼𝑄(𝑡) = 𝐴. 𝑒𝑖.𝜔.(𝑡+𝑑𝑡)
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𝑑𝑡

𝐼𝑄(𝑡 + 𝑑𝑡). 𝐼𝑄(𝑡)∗ = 𝐴. 𝑒𝑖.𝜔.𝑑𝑡

𝑧 arg(𝑧) =
𝐼𝑚(𝑧)

𝑅𝑒(𝑧)

𝐼𝑄(𝑡 + 𝑑𝑡). 𝐼𝑄(𝑡)∗ = (𝐼(𝑡 + 𝑑𝑡) + 𝑖. 𝑄(𝑡 + 𝑑𝑡)). (𝐼(𝑡) − 𝑖. 𝑄(𝑡))     

= 𝐼(𝑡 + 𝑑𝑡). 𝐼(𝑡) − 𝑖. 𝐼(𝑡 + 𝑑𝑡). 𝑄(𝑡) + 𝑖. 𝑄(𝑡 + 𝑑𝑡). 𝐼(𝑡) + 𝑄(𝑡 + 𝑑𝑡). 𝑄(𝑡)

= (𝐼(𝑡 + 𝑑𝑡). 𝐼(𝑡) + 𝑄(𝑡 + 𝑑𝑡). 𝑄(𝑡)) + 𝑖. (−𝐼(𝑡 + 𝑑𝑡). 𝑄(𝑡) + 𝑄(𝑡 + 𝑑𝑡). 𝐼(𝑡))

arg( 𝐼𝑄(𝑡 + 𝑑𝑡). 𝐼𝑄(𝑡)∗) = arctan (
−𝐼(𝑡+𝑑𝑡).𝑄(𝑡)+𝑄(𝑡+𝑑𝑡).𝐼(𝑡)

𝐼(𝑡+𝑑𝑡).𝐼(𝑡)+𝑄(𝑡+𝑑𝑡).𝑄(𝑡)
)

𝑑𝑡𝑥,𝑧 =
1

𝜔
. arctan (

−𝐼(𝑡+𝑑𝑡).𝑄(𝑡)+𝑄(𝑡+𝑑𝑡).𝐼(𝑡)

𝐼(𝑡+𝑑𝑡).𝐼(𝑡)+𝑄(𝑡+𝑑𝑡).𝑄(𝑡)
)

𝑑𝑡

 𝑑𝑡(𝑥, 𝑧) =
𝑑𝑡 .  𝑐

2
. 𝐹𝑒𝑐ℎ𝑎𝑛𝑡𝑖𝑙𝑙𝑜𝑛𝑛𝑎𝑔𝑒

𝐼𝑄 𝑡 +

𝑑𝑡  𝑡 
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≈
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≃
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𝑡 +𝑑𝑡

𝐼𝑄(𝑡) 𝐼𝑄(𝑡 + 𝑑𝑡)

𝐼𝑄(𝑡 + 𝑑𝑡). 𝐼𝑄(𝑡) ∗ 𝑡 + 𝑑𝑡

𝑡 𝑑𝑡

𝑑𝑡 =  𝑛. 1 𝐹𝑖𝑚𝑎𝑔𝑒𝑟𝑖𝑒⁄

 
 

 

𝑡 𝑡 + 𝑑𝑡

𝑑𝑡 = 𝑛. 1 𝐹𝑖𝑚𝑎𝑔𝑒𝑟𝑖𝑒⁄

𝑑𝑡

𝑑𝑡
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𝑡 𝑡 +

𝑑𝑡 

𝑑𝑡

𝑡
𝑑maximum(t)

𝑑t

 

 

𝑣𝑎𝑐𝑡𝑖𝑣
0𝐹𝐹 = 2,99 𝑚/𝑠

𝑣𝑎𝑐𝑡𝑖𝑣
0𝑁 = 2,92 𝑚/𝑠
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𝑝 = 0.019

 
 

 

3.08 m/s 3.03 m/s 

𝑣𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑎𝑡
0𝐹𝐹 = 2.81 m/s 
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𝑣𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑎𝑡
0𝑁 = 2.81 m/s

𝑝 = 0.15

𝑣𝑎𝑐𝑡𝑖𝑣
0𝐹𝐹 𝑣𝑎𝑐𝑡𝑖𝑣

0𝑁

𝑣𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑎𝑡
0𝐹𝐹

𝑣𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑎𝑡
0𝑁

𝑣𝑎𝑐𝑡𝑖𝑣
0𝑁 𝑣𝑎𝑐𝑡𝑖𝑣

0𝐹𝐹
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𝑣𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑎𝑡
0𝐹𝐹 = 2,66𝑚/𝑠 𝑣𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑎𝑡

0𝐹𝐹 = 2,65𝑚/𝑠
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𝑣𝑐𝑜𝑙𝑙𝑖𝑐𝑢𝑙𝑢𝑠
0𝑁 = 3,29 𝑚/𝑠
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𝑣𝑐𝑜𝑙𝑙𝑖𝑐𝑢𝑙𝑢𝑠
0𝐹𝐹 = 3,32 𝑚/𝑠

𝑝 = 0.051 

𝑝 = 0.050

 

 

 𝐸 =   3. 𝑣𝑐𝑖𝑠𝑎𝑖𝑙
2. 𝜌

𝐸 =   2 × 2,882 × 1 =   24,8 𝑘𝑃𝑎 

𝐸  =  2 × 2,612 × 1 =   20,4 𝑘𝑃𝑎 
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𝑣𝑟𝑎𝑡 1̅̅ ̅̅ ̅̅ ̅ =

2.88 𝑚/𝑠 𝑣𝑟𝑎𝑡 2̅̅ ̅̅ ̅̅ ̅ = 2.61 𝑚/𝑠

𝑣𝑟𝑎𝑡 1̅̅ ̅̅ ̅̅ ̅ = 3.31 𝑚/𝑠
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𝑝 = 0.03

𝑝 = 0.051
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β
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•

•

•

•

•
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ROI’s n° Labels ROI’s n° Labels ROI’s n° Labels 

1 'Cg1 R' 35 'RSD L' 69 'thalamus L' 

2 'Cg2 R' 36 'PtPD L' 70 'subthalamic nucleus L' 

3 

'LPtA R' 

37 'MPtA L' 71 

'cingulate cortex, area 2 

R' 

4 'M1 R' 38 'M2 L' 72 'striatum R' 

5 'M2 R' 39 'M1 L' 73 'globus pallidus R' 

6 

'MPtA R' 

40 'LPtA L' 74 

'entopeduncular nucleus 

R' 

7 

'PtPD R' 

41 'Cg2 L' 75 

'anterior commissure, 

anterior part R' 

8 

'RSD R' 

42 'Cg1 L' 76 

'anterior commissure, 

posterior part R' 

9 'RSGb R' 43 'substantia nigra R' 77 'fornix R' 

10 

'RSGc R' 

44 

'commissure of the superior 

colliculus R' 78 

'fimbria of the 

hippocampus R' 

11 

'S1BF R' 

45 

'superficial gray layer of the 

superior colliculus R' 79 'stria terminalis R' 

12 

'S1DZ R' 

46 'periaqueductal gray R' 80 

'corpus callosum and 

associated subcortical 

white matter R' 

13 

'S1FL R' 

47 

'deeper layers of the superior 

colliculus ' 81 'cornu ammonis 3 R' 

14 'S1HL R' 48 'posterior commissure R' 82 'dentate gyrus R' 

15 

'S1Sh R' 

49 

'brachium of the superior 

colliculus R' 83 'cornu ammonis 2 R' 

16 'S1Tr R' 50 'pretectal region R' 84 'cornu ammonis 1 R' 

17 'V1 R' 51 'pretectal region L' 85 'fasciola cinereum R' 

18 

'V1B R' 

52 

'brachium of the superior 

colliculus L' 86 'subiculum R' 

19 'V1M R' 53 'posterior commissure L' 87 'subiculum L' 

20 

'V2ML R' 

54 

'deeper layers of the superior 

colliculus L' 88 'fasciola cinereum L' 

21 'V2MM R' 55 'periaqueductal gray L' 89 'cornu ammonis 1 L' 

22 

'V2MM L' 

56 

'superficial gray layer of the 

superior colliculus L' 90 'cornu ammonis 2 L' 

23 

'V2ML L' 

57 

'commissure of the superior 

colliculus L' 91 'dentate gyrus L' 

24 'V1M L' 58 'substantia nigra L' 92 'cornu ammonis 3 L' 

25 

'V1B L' 

59 'subthalamic nucleus R' 93 

'corpus callosum and 

associated subcortical 

white matter L' 

26 'V1 L' 60 'thalamus R' 94 'stria terminalis L' 

27 'S1Tr L' 61 'optic tract and optic chiasm R' 95 

'fimbria of the 

hippocampus L' 
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28 'S1Sh L' 62 'hypothalamic region R' 96 'fornix L' 

29 'S1HL L' 63 

'stria medullaris of the thalamus 

R' 97 

'anterior commissure, 

posterior part L' 

30 'S1FL L' 64 'habenular commissure R' 98 

'anterior commissure, 

anterior part L' 

31 'S1DZ L' 65 'habenular commissure L' 99 

'entopeduncular nucleus 

L' 

32 'S1BF L' 66 

'stria medullaris of the thalamus 

L' 100 'globus pallidus L' 

33 'RSGc L' 67 'hypothalamic region L' 101 'striatum L' 

34 'RSGb L' 68 'optic tract and optic chiasm L' 102 

'cingulate cortex, area 2 

L' 

    103 

'alveus of the 

hippocampus L' 
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