
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 



 

 

𝑠(𝑡) + 𝜏 ⋅
𝑑𝑠(𝑡)

𝑑𝑡
= 𝐾 ⋅ 𝑒(𝑡)

𝑆(𝑝) =
𝐾

1 + 𝜏𝑝
𝐸(𝑝)

𝐻(𝑝) =
𝑆(𝑝)

𝐸(𝑝)
=

𝐾

1 + 𝜏 ⋅ 𝑝

• 

• 𝜏 [𝑠]



𝑒(𝑡) = 𝐴 ⋅ 𝑢(𝑡) ⇒ 𝐸(𝑝) =
𝐴

𝑝
   d′où     S(𝑝) =

𝐴

𝑝
⋅

𝐾

1 + 𝜏. 𝑝

𝑆(𝑝) = 𝐴 ⋅ 𝐾 (
1

𝑝
−

𝜏

1 + 𝜏. 𝑝
)

• 

s(t5%) = 0.95.A.K 

0.95 ⋅ 𝐴 ⋅ 𝐾 = 𝐴 ⋅ 𝐾(1 − 𝑒− 
𝑡5%

𝜏 ) 

 

𝑡5% ≈ 3. 𝜏 

𝑠(𝑡) = 𝐴 ⋅ 𝐾(1 − 𝑒−
𝑡
𝜏) 



• 

𝜀𝑠 = lim
𝑡→+

(𝑒(𝑡) − 𝑠(𝑡))

lim
𝑡→+∞

𝑓(𝑡) = lim
𝑝→0

𝑝 ∙ 𝐹(𝑝) lim
𝑡→+∞

(𝑒(𝑡) − 𝑠(𝑡)) = lim
𝑝→0

𝑝 ∙ (𝐸(𝑝) − 𝑆(𝑝))

𝑠(𝑡) + 𝜏 ⋅
𝑑 𝑠(𝑡)

𝑑𝑡
= 𝐾 ⋅ 𝑒(𝑡)

𝑆(𝑝) + 𝜏. 𝑝. 𝑆(𝑝) = 𝐾. 𝐸(𝑝)

(e(t)=A.u(t)) 𝐸(𝑝) =
𝐴

𝑝

 𝜀𝑠 = lim
𝑝→0

𝑝 ∙ (𝐸(𝑝) − 𝑆(𝑝)) = lim
𝑝→0

𝑝 ∙ (
𝐴

𝑝
−

𝐾

1 + 𝜏 ∙ 𝑝
∙

𝐴

𝑝
)

𝜀𝑠 = lim
𝑝→0

𝐴 ⋅ (1 −
𝐾

1 + 𝜏. 𝑝
)  

K=1

𝑒(𝑡) = 𝐴 ⋅ 𝑡 ⋅ 𝑢(𝑡) ⇒  E(𝑝) =
𝐴

𝑝2

S(𝑝) = 
𝐴

𝑝2 ⋅
𝐾

1+𝜏.𝑝

𝑆(𝑝) = 𝐴 ⋅ 𝐾 (
1

𝑝2
−

𝜏

𝑝
+

𝜏2

1 + 𝜏. 𝑝
)

• 

𝜀𝑡

𝜀𝑡 = lim
𝑡→+

(𝑒(𝑡) − 𝑠(𝑡))

 



𝜀𝑠 = 𝐴(1 − 𝐾) 

𝑠(𝑡) = 𝐴 ⋅ 𝐾(𝑡 − 𝜏 + 𝜏. 𝑒−
𝑡
𝜏) 



𝜀𝑠 .

𝐸(𝑝) − 𝑆(𝑝) = 𝐸(𝑝). (1 −
𝐾

1 + 𝜏. 𝑝
)

𝐸(𝑝) =
𝐴

𝑝2

𝐸(𝑝)-S(𝑝) =
𝐴

𝑝2 ⋅ (1 −
𝐾

1+𝜏.𝑝
)   ⇒  p.(𝐸(𝑝)-S(𝑝)) =

𝐴

𝑝
⋅ (1 −

𝐾

1+𝜏.𝑝
)

𝜀𝑡 = lim
𝑝→0

 
𝐴

𝑝
⋅ (1 −

𝐾

1 + 𝜏. 𝑝
)  

𝑠(𝑡) +
2𝑎

𝜔𝑛
⋅

𝑑𝑠(𝑡)

𝑑𝑡
+

1

𝜔𝑛
2 ⋅

𝑑2𝑠(𝑡)

𝑑𝑡2
= 𝐾. 𝑒(𝑡) 

 

• K

• a , z m

• n rad/s

 

𝑆(𝑝) +
2 ⋅ 𝑎

𝜔𝑛
⋅ 𝑝 ⋅ 𝑆(𝑝) +

1

𝜔𝑛
2

⋅ 𝑝2 ∙ 𝑆(𝑝) = 𝐾. 𝐸(𝑝) 

𝑆(𝑝) (1 +
2 ⋅ 𝑎

𝜔𝑛
⋅ 𝑝 +

1

𝜔𝑛
2

⋅ 𝑝2) = 𝐾. 𝐸(𝑝) 

𝑆(𝑝) (
𝜔𝑛

2 + 2 ⋅ 𝑎 ⋅ 𝜔𝑛 + 𝑝2

𝜔𝑛
2

) = 𝐾. 𝐸(𝑝) 

𝑆(𝑝) =
𝐾 ⋅ 𝜔𝑛

2

𝑝2 + 2 ⋅ 𝑎 ⋅ 𝜔𝑛 ⋅ 𝑝 + 𝜔𝑛
2

𝐸(𝑝) 

ou  

𝑆(𝑝) =
𝐾

1 +
2 ⋅ 𝑎
𝜔𝑛

∙ 𝑝 +
1

𝜔𝑛
2 ⋅ 𝑝2

∙ 𝐸(𝑝)

𝐻(𝑝) =
𝐾

1 +
2 ⋅ 𝑎
𝜔𝑛

∙ 𝑝 +
1

𝜔𝑛
2 ⋅ 𝑝2

  

• 𝐾 = 1 ∶ 𝜀𝑡 = 𝐴 ⋅ 𝜏

• 𝐾 < 1 𝜀𝑡 → +∞

• 𝐾 > 1 𝜀𝑡(𝑡) → −∞

 



𝑠(𝑡) = 𝐴 ⋅ (𝐾 +
𝐾

𝜏2 − 𝜏1
(𝜏1 ∙ 𝑒

−𝑡
𝜏1 − 𝜏2 ∙ 𝑒

−𝑡
𝜏2 )) 

1 2

 

𝑒(𝑡) = 𝐴 ⋅ 𝑢(𝑡) ⇒ 𝐸(𝑝) =
𝐴

𝑝
   d′où     S(𝑝) =

𝐴

𝑝
⋅

𝐾

1 +
2 ⋅ 𝑎
𝜔𝑛

∙ 𝑝 +
1

𝜔𝑛
2 ⋅ 𝑝2

  ou  S(𝑝) =
𝐴 ⋅ 𝐾 ∙ 𝜔𝑛

2

𝑝 ∙ (𝑝2 + 2 ∙ 𝑎 ∙ 𝜔𝑛 ∙ 𝑝 +∙ 𝜔𝑛
2)

 

𝑝 ² + 2 ∙ 𝑎 ∙ 𝜔𝑛 ∙ 𝑝 +∙ 𝜔𝑛
2 = 0 

∆= 4 ∙ 𝜔𝑛
2 ∙ (𝑎2 − 1) 

• ∆> 0 ⇒ 𝑎 > 1 : 

𝑝1 = 𝜔𝑛 ⋅ (−𝑎 − √𝑎2 − 1)           p2 = 𝜔𝑛 ⋅ (−𝑎 + √𝑎2 − 1) 

• ∆= 0 ⇒ 𝑎 = 1 : 

𝑝 = −𝜔𝑛  

• ∆< 0 ⇒ 𝑎 < 1 : 

𝑝1 = 𝜔𝑛 ⋅ (−𝑎 − 𝑗 ⋅ √1 − 𝑎 ² )          𝑝2 = 𝑝1 = 𝜔𝑛 ⋅ (−𝑎 + 𝑗√1 − 𝑎 ² ) 

→

𝑆(𝑝) =
𝐴⋅𝐾⋅𝜔𝑛

2

𝑝(𝜔𝑛
2+2𝑎𝜔𝑛𝑝+𝑝2)

𝑆(𝑝) =
𝐴⋅𝐾⋅𝜔𝑛

2

𝑝⋅(𝑝−𝑝1)⋅(𝑝−𝑝2)
𝑝1 = 𝜔𝑛 ⋅ (−𝑎 − √𝑎2 − 1) 𝑝2 = 𝜔𝑛 ⋅ (−𝑎 + √𝑎2 − 1)

𝜏1 = −
1

𝑝1
𝜏2 = −

1

𝑝2

𝑆(𝑝)

𝑆(𝑝) =

𝐴 ⋅ 𝐾 ⋅ 𝜔𝑛
2

𝑝1 ⋅ 𝑝2

𝑝(−
𝑝
𝑝1

+ 1) ⋅ (−
𝑝
𝑝2

+ 1)
⇔ 𝑆(𝑝) =

𝐴 ⋅ 𝐾 ⋅ 𝜔𝑛
2

𝑝1 ⋅ 𝑝2

𝑝(1 + 𝜏1𝑝) ⋅ (1 + 𝜏2𝑝)

𝑝1 ⋅ 𝑝2 = 𝜔𝑛
2 S(p)

   𝑆(𝑝) =
𝐴 ⋅ 𝐾

𝑝(1 + 𝜏1𝑝) ⋅ (1 + 𝜏2𝑝)

 



 

→

𝑆(𝑝) =
𝐴⋅𝐾

𝑝∙(1+𝜏.𝑝)2

 

 
 

→

 

𝑆(𝑝) =
𝐴⋅𝐾⋅𝜔𝑛

2

𝑝⋅(𝜔𝑛 ² +2⋅𝑎⋅𝜔𝑛⋅𝑝+𝑝 ²)

  

a>1 et 

K<1

𝑠(𝑡) = 𝐴 ⋅ 𝐾 (1 − 𝑒
−𝑡
𝜏 −

𝑡

𝜏
𝑒

−𝑡
𝜏 ) 

 𝜏 =
1

𝜔𝑛
= −

1

𝑝
 

 

Représentation graphique 

pour a=1 et K>1 

𝑠(𝑡) = 𝐴 ⋅ 𝐾 (1 −
𝑒−𝑎⋅𝜔𝑛⋅𝑡

√1 − 𝑎2
⋅ 𝑠𝑖𝑛( 𝜔𝑛 ⋅ √1 − 𝑎2 ⋅ 𝑡 + 𝜑))

 𝑠𝑖𝑛 𝜑 = √1 − 𝑎2

 



 

 
 

• 

𝜀𝑠 = lim
𝑡→+∞

(𝑒(𝑡) − 𝑠(𝑡)) = lim
𝑝→0

𝑝 ∙ (𝐸(𝑝) − 𝑆(𝑝)) = 𝐴(1 − 𝐾)

𝜀𝑠 = 0 K=1

• 

 
 



𝑎

• 

𝐷𝑘 = − [(−1)𝑘 ⋅ 𝐾 ⋅ 𝑒
−

𝑎.𝑘.𝜋

√1−𝑎2]

𝑒(𝑡) = 𝐴 ⋅ 𝑡 ⋅ 𝑢(𝑡) ⇒ (𝑝) =
𝐴

𝑝2
 

𝑆(𝑝) =
𝐴 ⋅ 𝐾 ⋅ 𝜔𝑛

2

𝑝2 ∙ (𝑝2 + 2 ⋅ 𝑎 ⋅ 𝜔𝑛 ⋅ 𝑝 + 𝜔𝑛
2)

• 

𝜀𝑡 = lim
𝑡→+∞

(𝑒(𝑡) − 𝑠(𝑡)) = lim
𝑝→0

𝑝 ∙ (𝐸(𝑝) − 𝑆(𝑝))

𝑝. (𝐸(𝑝) − 𝑆(𝑝)) = 𝑝 ∙ (
𝐴

𝑝2
−

𝐴 ⋅ 𝐾 ⋅ 𝜔𝑛
2

𝑝2 ∙ (𝑝2 + 2 ⋅ 𝑎 ⋅ 𝜔𝑛 ⋅ 𝑝 + 𝜔𝑛
2)

)

𝑝(𝐸(𝑝) − 𝑆(𝑝)) =
𝐴

𝑝
∙ (

𝑝 ² + 2 ⋅ 𝑎 ⋅ 𝜔𝑛 ⋅ 𝑝 + 𝜔𝑛
2 ∙ (1 − 𝐾)

𝑝 ² + 2 ⋅ 𝑎 ⋅ 𝜔𝑛 ⋅ 𝑝 + 𝜔𝑛
2

)

𝜀𝑡(𝑡) = lim
𝑝→0

𝐴

𝑝
∙ (

𝑝 ² + 2 ⋅ 𝑎 ⋅ 𝜔𝑛 ⋅ 𝑝 + 𝜔𝑛 ²( 1 − 𝐾)

𝑝 ² + 2 ⋅ 𝑎 ⋅ 𝜔𝑛 ⋅ 𝑝 + 𝜔𝑛
2

)

 

 

/K

% K

K=1 a=0,2 n = 10 rad/s D1= 

50% D2 = 30%

𝐷1% =
𝑠(𝑡𝐷1) − 𝑠(∞)

𝑠(∞)
= 𝑒

−𝑎⋅𝜋

√1−𝑎2  



 

 

𝑑𝑠(𝑡)

𝑑𝑡
= 𝑘𝑣 . 𝑒(𝑡) 𝑠(𝑡) = 𝑘𝑣 . ∫ 𝑒(𝑡)

𝑡

0
⋅ 𝑑𝑡 𝑠(𝑡) =

1

𝜏𝑖
. ∫ 𝑒(𝑡)

𝑡

0
⋅ 𝑑𝑡

• 𝑘𝑣

• 𝜏𝑖 =
1

𝑘𝑣

𝑝 ∙ 𝑆(𝑝) = 𝑘𝑣 ∙  𝐸(𝑝)

𝐻(𝑝) =
𝑆(𝑝)

𝐸(𝑝)
=

𝑘𝑣

𝑝

𝑒(𝑡)  =   (𝑡)  𝑒𝑡 𝐿( (𝑡) ) =  𝐸(𝑝)  = 1

𝑑 (𝑡)
= 𝑘𝑣 ⋅ 𝛿(𝑡)

𝑝. 𝑆(𝑝) = 𝑘𝑣

𝑆(𝑝) =
𝑘𝑣

𝑝

s(t) 

⇒  𝜀𝒕(𝑡) → −∞

⇒  𝜀𝒕(𝑡) =
2⋅𝐴⋅𝑎

𝜔𝑛

⇒  𝜀𝒕(𝑡) → +∞

 

𝑠(𝑡)  =  𝑘𝑣 



 

𝑒(𝑡)  =  𝐴. 𝑢(𝑡) 𝑒𝑡 𝐿(𝐴. 𝑢(𝑡))  = 𝐸(𝑝)  =  
𝐴

𝑝

𝑑 (𝑡)
= 𝑘𝑣 ⋅ 𝐴 ⋅ 𝑢(𝑡)

𝑝 ⋅ 𝑆(𝑝) =
𝑘𝑣 ⋅ 𝐴

𝑝

𝑆(𝑝) =
𝑘𝑣

𝑝
⋅

𝐴

𝑝
⇔ 𝑆(𝑝) = 𝑘𝑣 ⋅

𝐴

𝑝2

𝑠(𝑡) = 𝜏𝑑 .
𝑑 𝑒(𝑡)

𝑑𝑡
𝜏𝑑

𝑆(𝑝) = 𝜏𝑑 ⋅ 𝑝 ⋅ 𝐸(𝑝)

𝐻(𝑝) =
𝑆(𝑝)

𝐸(𝑝)
= 𝜏𝑑 ⋅ 𝑝

 

𝑒(𝑡)  =  𝐴. 𝑢(𝑡) 𝑒𝑡 𝐿(𝐴. 𝑢(𝑡))  = 𝐸(𝑝)  =  
𝐴

𝑝

𝑠(𝑡) = 𝜏𝑑 ⋅
𝑑(𝐴 ⋅ 𝑢(𝑡))

𝑑𝑡

𝑆(𝑝) = 𝜏𝑑 ⋅ 𝑝 ⋅ 𝐸(𝑝)      ou   𝑆(𝑝) = 𝜏𝑑 ⋅ 𝑝 ⋅
𝐴

𝑝

𝑆(𝑝) = 𝐴 ⋅ 𝜏𝑑

 

 

 

A.kv 

s(t) 

𝑠(𝑡)  = 𝑘𝑣 ∙  𝐴 ∙ 𝑡 

𝑠(𝑡) = 𝐴 ⋅ 𝜏𝑑 ⋅ 𝛿(𝑡) 

𝑡 

𝐴. 𝑑  



 

𝑒(𝑡) = 𝐸0 ∙ 𝑠𝑖𝑛(𝜔 ∙ 𝑡) ∙ 𝑢(𝑡)

𝑠(𝑡) = 𝐾 ∙ 𝐸0 ∙ 𝑠𝑖𝑛(𝜔 ∙ 𝑡 + 𝜑)

𝜔

𝑝 𝑗 ∙ 𝜔

𝐻(𝑝) =
𝐾

1 + 𝜏. 𝑝

𝐻(𝑗𝜔) = 𝐻 =
𝐾

1 + 𝑗 ∙ 𝜏 ∙ 𝜔

𝑙𝑜𝑔10( 𝜔)

• 𝐺(𝜔)  = 20 𝑙𝑜𝑔10|𝐻|

• 𝜑(𝜔) = 𝑎𝑟𝑔(𝐻)

 



𝐺(𝜔)

𝐺(𝜔)  = 20 𝑙𝑜𝑔10 (|
𝐾

1 + 𝑗 ∙ 𝜏 ∙ 𝜔
|) = 20 𝑙𝑜𝑔10(𝐾) − 20 𝑙𝑜𝑔10(|1 + 𝑗 ∙ 𝜏 ∙ 𝜔|)

𝐺(𝜔)  = 20 𝑙𝑜𝑔10(𝐾) − 20 𝑙𝑜𝑔10 (√1 + 𝜏2𝜔2)

𝜏2 ⋅ 𝜔2 << 1

𝐺(𝜔)

lim
𝜔→0

20 ∙ 𝑙𝑜𝑔10(𝐾) − 20 ∙ 𝑙𝑜𝑔10(√1 + 𝜏2𝜔2) = 20 ∙ log(𝐾) = 𝐶𝑡𝑒

𝐺(𝜔) 20 ∙ log(𝐾)

𝜏2 ⋅ 𝜔2 >> 1

lim
𝜔→+∞

20 ∙ 𝑙𝑜𝑔10(𝐾) − 20 ∙ 𝑙𝑜𝑔10(√1 + 𝜏2𝜔2) = 20 ∙ log(𝐾) − 20 ∙ 𝑙𝑜𝑔(𝜏 ∙ 𝜔)

𝐺(𝜔)



20 ∙ 𝑙𝑜𝑔(𝐾) = 20 ∙ 𝑙𝑜𝑔(𝐾) − 20 ∙ 𝑙𝑜𝑔  (𝜏) − 20 ∙ 𝑙𝑜𝑔(𝜔𝑐)

20 ∙ 𝑙𝑜𝑔  (𝜏) = −20 ∙ 𝑙𝑜𝑔(𝜔𝑐) ⇒ 𝜔𝐶 =
1

𝜏

𝜔𝐶

𝜔𝑐 =
1

𝜏
 

G(dB) 

log() 

 

-20 dB/décade 

20 ∙ 𝑙𝑜𝑔(𝐾) 



𝜑(𝜔)

𝜔𝑐

 

𝜑(𝜔) = 𝑎𝑟𝑔  (𝐻) = 𝑎𝑟𝑔 (
𝐾

1+𝑗𝜏𝜔
) 

𝜑(𝜔) = 𝑎𝑟𝑔( 𝐾) − 𝑎𝑟𝑔  (1 + 𝑗𝜏𝜔) = 0 − 𝑎𝑟𝑐𝑡𝑎𝑛( 𝜏𝜔) = − 𝑎𝑟𝑐𝑡𝑎𝑛( 𝜏𝜔)

𝜔 <<
1

𝜏
𝑙𝑖𝑚 𝜑 (𝜔) 𝜔 → 0

𝑙𝑖𝑚 𝜑 (𝜔)

𝜔 → 0
= − 𝑎𝑟𝑐𝑡𝑎𝑛( 0) = 0

𝜔 >>
1

𝜏
𝑙𝑖𝑚 𝜑 (𝜔) 𝜔 → +

𝑙𝑖𝑚 𝜑 (𝜔)
𝜔 → +

= − 𝑎𝑟𝑐𝑡𝑎𝑛( + ) = −
𝜋

2

𝜔𝑐

𝜔 = 𝜔𝑐 =
1

𝜏
𝜑(𝜔𝑐) = − 𝑎𝑟𝑐𝑡𝑎𝑛( 1) = −

𝜋

4

𝜔𝑐 =
1

𝜏
 log () 

 

°() 

-90° 

-45° 



𝐻(𝑗𝜔) = 𝐻 =
𝐾

1 +
2 ∙ 𝑎
𝜔𝑛

𝑗 ⋅ 𝜔 − (
𝜔

𝜔𝑛
)

2

𝐻 =
𝐾

1 − (
𝜔

𝜔𝑛
)

2

+ 𝑗 ⋅
2 ∙ 𝑎 ∙ 𝜔

𝜔𝑛

ωc

ωuc

20 𝑙𝑜𝑔10(𝐾) = 20 ∙ 𝑙𝑜𝑔10(𝐾) − 40 ∙ 𝑙𝑜𝑔10( ωuc)

⇒  ωuc = 1 ⇒ ωc = ωn

 

𝐺(𝜔𝑢)

ωu =
ω

ωn
ωu

ωu =
ω

ωn

𝐺(𝜔𝑢)  = 20 𝑙𝑜𝑔10(𝐾) − 20 𝑙𝑜𝑔10(√(1 − ωu
2)2 + (2 ∙ 𝑎 ∙ 𝜔𝑢)2)

ωu << 1

 𝐺(𝜔𝑢)  = 20 𝑙𝑜𝑔10(𝐾) = Cte

𝐺(𝜔𝑢) 20 𝑙𝑜𝑔10(𝐾)

ωu >> 1

  (1 − ωu
2)2 + (2 ∙ 𝑎 ∙ 𝜔𝑢)2 → ωu

4

lim
𝜔𝑢→+∞

𝐺(𝜔𝑢)  = 20 ∙ 𝑙𝑜𝑔10(𝐾) − 40 ∙ 𝑙𝑜𝑔10( ωu)

𝐺(𝜔𝑢) 



𝑎

• 𝑎 < 1 𝜔𝑐 = 𝜔𝑛

 𝑎 

𝑎 <
√2

2
𝐺(𝜔)

𝜔 = 𝜔𝑟 , 𝜔𝑟  

𝜔𝑟 = 𝜔𝑛 ∙ √1 − 2 ∙ 𝑎2

G(ωr) = 20 log (
K

2. a. √1 − 𝑎2 
) 

G(ωr) = 20 log(K) − 20 log( 2. 𝑎. √1 − 𝑎2)        (en dB)

Q =
1

2. 𝑎. √1 − 𝑎2
  ou  Q(dB) = −20 log( 2. 𝑎. √1 − 𝑎2)

 

 

𝐺(𝜔) 

log () 

 

-40 dB/décade 

20 log (K) 

0 

𝑎 < 1 



• 𝑎 > 1

𝐻(𝑗𝜔) =
𝐾

(1 + 𝑗 ∙ 𝜏1 ∙ 𝜔) ∙ (1 + 𝑗 ∙ 𝜏21 ∙ 𝜔)

𝜔𝑐1 =
1

𝜏1
𝜔𝑐2 =

1

𝜏2

ωu → 1, φ(ωu) → −
π

2

𝜑(ωu) = 𝑎𝑟𝑔  (𝐻(ωu)) = arg (
K

(1−ωu
2 )+j⋅2⋅𝑎⋅ωu

)  

φ(ωu) = arg( K) − arg((1 − ωu
2) + j ⋅ 2 ⋅ 𝑎 ⋅ ωu) 

φ(ωu) = − arctan (
2⋅𝑎⋅ωu

1−ωu
2 )

ωu << 1

lim φ (ωu)

ωu → 0
= − arctan( 0) = 0

ωu >> 1

lim φ (ωu)
ωu → +∞

= − arctan( 0) = −(0 + k ⋅ π)

k ⋅ π
lim φ (ωu)
ωu → +∞

= − arctan( 0) = −π

𝜔𝑐1 =
1

𝜏1
 

𝐺(𝜔) 

log() 

 

-20 dB/décade 20 log (K) 

0 

𝜔𝑐2 =
1

𝜏2
 

-40 dB/décade 
𝑎 > 1 



𝑎

• 𝑎 < 1



• 𝑎 > 1

𝜔𝑐1 𝜔𝑐2

 log () 

 

°() 

-180° 

-90° 

𝜔𝑐1 log () 

 

°() 

-180° 

-90° 

𝜔𝑐2 


