
𝑠(𝑡) 𝑆(𝑝)

S(p) =
𝑎0 + 𝑎1 ∙ 𝑝 + 𝑎2 ∙ 𝑝

2 +⋯+ 𝑎𝑚 ∙ 𝑝
𝑚

𝑏0 + 𝑏1 ∙ 𝑝 + 𝑏2 ∙ 𝑝2 +⋯+ 𝑏𝑛 ∙ 𝑝𝑛
=
𝑁(𝑝)

𝐷(𝑝)

• 
𝑁(𝑝)

𝐷(𝑝)
 

deg𝑁(𝑝) ≤ deg𝐷(𝑝)

• 

𝐷(𝑝) = ∏ (𝑝 − 𝑝𝑖)

deg𝐷(𝑝)

𝑖=1

𝐷(𝑝) = (𝑝 − 𝑎1)⏟    
𝑟é𝑒𝑙 𝑠𝑖𝑚𝑝𝑙𝑒

…(𝑝 − 𝑎2)
𝐾⏟      …

𝑟é𝑒𝑙 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒

(𝑝 − 𝑧1) ∙ (𝑝 − 𝑧1̅)⏟            
𝑐𝑜𝑚𝑝𝑙𝑒𝑥𝑒 𝑐𝑜𝑛𝑗𝑢𝑔𝑢é 𝑠𝑖𝑚𝑝𝑙𝑒

… (𝑝 − 𝑧1)
𝐾 ∙ (𝑝 − 𝑧1̅)

𝐾⏟              
𝑐𝑜𝑚𝑝𝑙𝑒𝑥𝑒 𝑐𝑜𝑛𝑗𝑢𝑔𝑢é 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑒

… 

 



• 

o 

𝑎 𝐾 ≥ 1

∑
𝐴𝛽

(𝑝 − 𝑎)𝛽
=

𝐴1
𝑝 − 𝑎

+
𝐴2

(𝑝 − 𝑎)2
+⋯+

𝐴𝐾
(𝑝 − 𝑎)𝐾

𝐾

𝛽=1

K 𝐴1, 𝐴2, . . . , 𝐴𝐾

o 

𝑧 = 𝛼 + 𝑗 ∙ 𝛽 𝑧̅ = 𝛼 − 𝑗 ∙ 𝛽

𝐾 ≥ 1
(𝑝 − 𝑧) ∙ (𝑝 − 𝑧̅) = 𝑝2 + 𝑏 ∙ 𝑝 + 𝑐 

𝑏 = −2 ∙ 𝛼 𝑐 = 𝛼2 + 𝛽2 

∑
𝐵𝛽 ∙ 𝑝 + 𝐶𝛽

(𝑝2 + 𝑏 ∙ 𝑝 + 𝑐)𝛽

𝐾

𝛽=1

=
𝐵1 ∙ 𝑝 + 𝐶1

𝑝2 + 𝑏 ∙ 𝑝 + 𝑐
+

𝐵2 ∙ 𝑝 + 𝐶2
(𝑝2 + 𝑏 ∙ 𝑝 + 𝑐)2

+⋯+
𝐵𝐾 ∙ 𝑝 + 𝐶𝐾

(𝑝2 + 𝑏 ∙ 𝑝 + 𝑐)𝐾
 

coefficients 𝐵1, 𝐶1, 𝐵2, 𝐶2, . . . , 𝐵𝐾 𝐶𝐾

• 

𝑁(𝑝)

𝐷(𝑝)
= ∑

Aβ
(𝑝 − 𝑎)𝛽

+

𝐾

𝛽=1

∑
Bβ ∙ 𝑝 + 𝐶𝛽

(𝑝2 + 𝑏 ∙ 𝑝 + 𝑐)𝛽
+⋯

𝐾

𝛽=1

 



𝑁(𝑥)

𝐷(𝑥)
=

𝑥2 + 1

𝑥3 − 𝑥2 − 4 ⋅ 𝑥 + 4

• D(x) : 

𝐷(𝑥) = 𝑥3 − 𝑥2 − 4 ⋅ 𝑥 + 4 = (𝑥 − 1) ⋅ (𝑥 − 2) ⋅ (𝑥 + 2)

• 

𝑁(𝑥)

𝐷(𝑥)
=

𝑥2 + 1

𝑥3 − 𝑥2 − 4 ⋅ 𝑥 + 4
=

𝐴

𝑥 − 1
+

𝐵

𝑥 − 2
+

𝐶

𝑥 + 2

• 

A B C

𝑁(𝑥)

𝐷(𝑥)
=

𝑥2 + 1

(𝑥 − 1) ⋅ (𝑥 − 2) ⋅ (𝑥 + 2)
=

𝐴

𝑥 − 1
+

𝐵

𝑥 − 2
+

𝐶

𝑥 + 2

𝑁(𝑥)

𝐷(𝑥)
=
𝐴 ⋅ (𝑥 − 2) ⋅ (𝑥 + 2) + 𝐵 ⋅ (𝑥 − 1) ⋅ (𝑥 + 2) + 𝐶 ⋅ (𝑥 − 1) ⋅ (𝑥 − 2)

(𝑥 − 1) ⋅ (𝑥 − 2) ⋅ (𝑥 + 2)

𝑁(𝑥)

𝐷(𝑥)
=
(𝐴 + 𝐵 + 𝐶) ⋅ 𝑥2 + (𝐵 − 3 ⋅ 𝐶) ⋅ 𝑥 + (2 ⋅ 𝐶 − 4 ⋅ 𝐴)

(𝑥 − 1) ⋅ (𝑥 − 2) ⋅ (𝑥 + 2)

(𝐴 + 𝐵 + 𝐶) ⋅ 𝑥2 + (𝐵 − 3 ⋅ 𝐶) ⋅ 𝑥 + (2 ⋅ 𝐶 − 4 ⋅ 𝐴) = 𝑥2 + 1

{
𝐴 + 𝐵 + 𝐶 = 𝑥2

𝐵 − 3 ⋅ 𝐶 = 0
2 ⋅ 𝐶 − 4 ⋅ 𝐴 − 2 ⋅ 𝐵 = 1 3

2
−=A

4

5
=B

12

5
=C

A
(𝑥−1)⋅𝑁(𝑥)

𝐷(𝑥)

(𝑥 − 1) ⋅ 𝑁(𝑥)

𝐷(𝑥)
=

(𝑥 − 1) ⋅ (𝑥2 + 1)

(𝑥 − 1) ⋅ (𝑥 − 2) ⋅ (𝑥 + 2)
=
𝐴 ⋅ (𝑥 − 1)

𝑥 − 1
+
𝐵 ⋅ (𝑥 − 1)

𝑥 − 2
+
𝐶 ⋅ (𝑥 − 1)

𝑥 + 2
(𝑥2 + 1)

(𝑥 − 2) ⋅ (𝑥 + 2)
= 𝐴 +

𝐵 ⋅ (𝑥 − 1)

𝑥 − 2
+
𝐶 ⋅ (𝑥 − 1)

𝑥 + 2

x=1

3

2
−=A

 



B
(𝑥−2)⋅𝑁(𝑥)

𝐷(𝑥)

(𝑥 − 2) ⋅ 𝑁(𝑥)

𝐷(𝑥)
=

(𝑥 − 2) ⋅ (𝑥2 + 1)

(𝑥 − 1) ⋅ (𝑥 − 2) ⋅ (𝑥 + 2)
=
𝐴 ⋅ (𝑥 − 2)

𝑥 − 1
+
𝐵 ⋅ (𝑥 − 2)

𝑥 − 2
+
𝐶 ⋅ (𝑥 − 2)

𝑥 + 2
(𝑥2 + 1)

(𝑥 − 1) ⋅ (𝑥 + 2)
=
𝐴 ⋅ (𝑥 − 2)

𝑥 − 1
+ 𝐵 +

𝐶 ⋅ (𝑥 − 2)

𝑥 + 2

x=2

4

5
=B

12

5
=C

(𝑥 − 1) ⋅ 𝑁(𝑥)

𝐷(𝑥)
=

(𝑥 − 1) ⋅ (𝑥2 + 1)

(𝑥 − 1) ⋅ (𝑥 − 2) ⋅ (𝑥 + 2)
=

(𝑥2 + 1)

(𝑥 − 2) ⋅ (𝑥 + 2)
= 𝐴 +

𝐵 ⋅ (𝑥 − 1)

𝑥 − 2
+
𝐶 ⋅ (𝑥 − 1)

𝑥 + 2

𝑙𝑖𝑚
𝑥→

𝑥2+1

(𝑥−2)⋅(𝑥+2)
= 1 𝑙𝑖𝑚

𝑥→

𝐵⋅(𝑥−1)

𝑥−2
= 𝐵 𝑙𝑖𝑚

𝑥→

𝐶⋅(𝑥−1)

𝑥+2
= 𝐶

A+B+C = 1

 x

x=1 C

 x  p s

𝐹(𝑝) =
1

𝑝⋅(1+𝜏⋅𝑝)
𝐹(𝑝) =

𝐴

𝑝
+

𝐵

(1+𝜏⋅𝑝)

1=A −=B

𝐹(𝑝) =
1

𝑝2⋅(1+𝜏⋅𝑝)
𝐹(𝑝) =

𝐴

𝑝
+

𝐵

𝑝2
+

𝐶

(1+𝜏⋅𝑝)

B C 1=B 2=C A

−=A

𝐹(𝑝) =
1

𝑝⋅(1+𝜏⋅𝑝)2
𝐹(𝑝) =

𝐴

𝑝
+

𝐵

1+𝜏⋅𝑝
+

𝐶

(1+𝜏⋅𝑝)2

A C 1=A −=C B

−=B

𝐹(𝑝) =
1

𝑝2⋅(1+𝜏⋅𝑝)2
𝐹(𝑝) =

𝐴

𝑝
+

𝐵

𝑝2
+

𝐶

1+𝜏⋅𝑝
+

𝐷

(1+𝜏⋅𝑝)2

B D 1=B 2=D A  C

−= 2A 22 =C



𝐹(𝑝) =
1

(1+𝜏1⋅𝑝)⋅(1+𝜏2⋅𝑝)
𝐹(𝑝) =

𝐴

1+𝜏1⋅𝑝
+

𝐵

1+𝜏2⋅𝑝

21

1





−
=A

21

2





−
−=A

𝐹(𝑝) =
𝜔

(𝑝2+𝜔2)⋅(1+𝜏⋅𝑝)
𝐹(𝑝) =

𝐴

1+𝜏⋅𝑝
+
𝐵⋅𝑝+𝐶

𝑝2+𝜔2

A B C 

(1 + 𝜏 ⋅ 𝑝) ⋅ 𝐹(𝑝) =
𝜔

(𝑝2+𝜔2)
= 𝐴+

(𝐵⋅𝑝+𝐶)⋅(1+𝜏⋅𝑝)

(𝑝2+𝜔2)



1
−=p

𝐴 =
𝜔

1
𝜏2
+𝜔2

=
𝜔 ⋅ 𝜏2

1 + 𝜏2 ⋅ 𝜔2

(𝑝2 +𝜔2) ⋅ 𝐹(𝑝) =
𝜔

1+𝜏⋅𝑝
=
𝐴⋅(𝑝2+𝜔2)

1+𝜏⋅𝑝
+ 𝐵 ⋅ 𝑝 + 𝐶

= jp
𝜔

1 + 𝜏 ⋅ 𝑗 ⋅ 𝜔
= 𝐵 ⋅ 𝑗 ⋅ 𝜔 + 𝐶

𝜔 = (𝐵 ⋅ 𝑗 ⋅ 𝜔 + 𝐶) ⋅ (1 + 𝜏 ⋅ 𝑗 ⋅ 𝜔) = 𝐶 − 𝐵 ⋅ 𝜏 ⋅ 𝜔2 + 𝑗 ⋅ (𝐵 ⋅ 𝜔 + 𝐶 ⋅ 𝜏 ⋅ 𝜔)

{ 𝜔 = 𝐶 − 𝐵 ⋅ 𝜏 ⋅ 𝜔
2

0 = 𝐵 ⋅ 𝜔 + 𝐶 ⋅ 𝜏 ⋅ 𝜔

𝐶 =
𝜔

1+𝜏2⋅𝜔2
𝐵 =

−𝜏⋅𝜔

1+𝜏2⋅𝜔2


