
 

 

 

◦

 

 

 ◦

◦

 

𝐻(𝑝) =
1

𝑅⁄

1+𝐿
𝑅⁄ 𝑝

𝑉𝑠(𝑡) =
1

𝐿
𝑒−

𝑅

𝐿
𝑡



 

 𝐻1(𝑝) =
1

𝑝−3 

𝑠(𝑡) = 𝑒3𝑡

 

𝐻2(𝑝) =
1

𝑝2+5𝑝+6

𝑠(𝑡) = 𝐴𝑒−2𝑡 + 𝐵𝑒−3𝑡

 

𝐻3(𝑝) =
1

𝑝2+2𝑝+4

𝑝1 = −1 − 𝑖√3 𝑒𝑡 𝑝2 = −1 + 𝑖√3

𝑠(𝑡) =
1

√3
𝑒−𝑡sin (√3𝑡)



 

 𝐻4(𝑝) =
1

𝑝2+9

𝑝1 = −3𝑖  𝑒𝑡 𝑝2 = +3𝑖

𝑠(𝑡) =
1

3
sin (3𝑡)

𝐻(𝑝) =
𝐷(𝑝)

1+𝐷(𝑝)𝑅(𝑝)

𝑆(𝑝) =
𝐻(𝑝)

𝑝
=

𝛼 ∏ (𝑝−𝑧𝑗)𝑚
𝑗=1

𝑝 ∏ (𝑝−𝑝𝑖)𝑛
𝑖=1

 

𝑆(𝑝) =
𝑎

𝑝
+ ∑

𝑏𝑖

𝑝−𝑟𝑖
+ ∑

𝑏𝑘

𝑝−(𝜏𝑘+𝑗𝜔𝑘)𝑘𝑖

𝑠(𝑡) = 𝑎𝑢(𝑡) + ∑ 𝑏𝑖𝑒
𝑟𝑖𝑡 + ∑ 𝑏𝑘 𝑒(𝜏𝑘+𝑗𝜔𝑘)𝑡

𝑘𝑖


     



 

𝑏𝑘 𝑒(𝜏𝑘+𝑗𝜔𝑘)𝑡

𝑏𝑘  𝑒(𝜏𝑘+𝑗𝜔𝑘)𝑡 = 𝑏𝑘  𝑒𝜏𝑘𝑡𝑏𝑘 𝑒𝑗𝜔𝑘𝑡

𝑒𝜏𝑘𝑡 (𝐴𝑘 cos 𝜔𝑘𝑡 + 𝐵𝑘 sin 𝜔𝑘𝑡)

𝜏𝑘

𝐷(𝑝) = 𝑎𝑛 𝑝𝑛 + 𝑎𝑛−1 𝑝𝑛−1 + 𝑎𝑛−2 𝑝𝑛−2 + ⋯ + 𝑎1 𝑝 + 𝑎0

𝑎𝑛 𝑎𝑛−2 𝑎𝑛−4

𝑎𝑛−1 𝑎𝑛−3 𝑎𝑛−5
𝑎𝑛−1𝑎𝑛−2−𝑎𝑛𝑎𝑛−3

𝑎𝑛−1

𝑎𝑛−1𝑎𝑛−4−𝑎𝑛𝑎𝑛−5

𝑎𝑛−1
…

… 𝑎1

… 𝑎0
𝑎𝑛−1𝑎1−𝑎𝑛𝑎0

𝑎𝑛−1
…

𝑎𝑛 𝑎𝑛−2  𝑎𝑛−4

𝑎𝑛−1 𝑎𝑛−3  𝑎𝑛−5

𝑏𝑚 𝑏𝑚−1  𝑏𝑚−2

… 𝑎1

… 𝑎0

    𝑏0 0

𝑎𝑛                                                  𝑎𝑛−2                                  𝑎𝑛−4

𝑎𝑛−1                                                 𝑎𝑛−3                                  𝑎𝑛−5

𝑏𝑚                                                  𝑏𝑚−1                                   𝑏𝑚−2

      … 𝑎1

       … 𝑎0

         𝑏0 0
𝑏𝑚𝑎𝑛−3 − 𝑎𝑛−1𝑏𝑚−1

𝑏𝑚
= 𝑐𝑘

𝑏𝑚𝑎𝑛−5 − 𝑎𝑛−1𝑏𝑚−2

𝑏𝑚
= 𝑐𝑘−1      … 

 

 



 

𝐺(𝑝) =
𝐴

𝑝(𝑝2+𝑝+5)

𝐻(𝑝) =
𝐺(𝑝)

1 + 𝐺(𝑝)
=

𝐴
𝑝(𝑝2 + 𝑝 + 5)

1 +
𝐴

𝑝(𝑝2 + 𝑝 + 5)

=
𝐴

𝑝(𝑝2 + 𝑝 + 5) + 𝐴

𝐷(𝑝) =  𝑝(𝑝2 + 𝑝 + 5) + 𝐴 = 𝑝3 + 𝑝2 + 5𝑝 + 𝐴

𝜀

𝜀

𝜀 = lim
𝑡→+∞

𝜀(𝑡)

 𝐸(𝑝) =
𝑎

𝑝
 

 𝐸(𝑝) =
𝑎

𝑝2  

 𝐸(𝑝) =
𝑎

𝑝3 .

     




 

𝜀𝑝 

𝜀𝑝 = lim
𝑡→+∞

𝜀(𝑡)

𝜀𝑝 = lim
𝑝→0

 𝑝 𝜀(𝑝) = lim
𝑝→0

 𝑝[𝐸(𝑝) − 𝑆(𝑝)] = lim
𝑝→0

 𝑝[𝐸(𝑝) − 𝐻(𝑝)𝐸(𝑝)]

𝜀𝑝 = lim
𝑝→0

 𝑝 𝜀(𝑝) = lim
𝑝→0

 𝑝 [
1

𝑝
−

𝐻(𝑝)

𝑝
] = lim

𝑝→0
 [1 − 𝐻(𝑝)]

𝜀𝑝

𝐺(𝑝) =
𝐾

1+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛

lim
𝑝→0

 𝐺(𝑝) = 𝐾

𝐻(𝑝) =
𝐺(𝑝)

1+𝐺(𝑝)
=

𝐾

1+𝐾+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛

𝜀𝑝 = lim
𝑝→0

 [1 − 𝐻(𝑝)] = lim
𝑝→0

[1 −
𝐾

1+𝐾+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛]

𝜀𝑝 = 1 −
𝐾

1 + 𝐾
=

1

𝐾 + 1

𝜀𝑝 

𝐺(𝑝) =
𝐾

𝑝𝛼(1+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛)
α

𝐻(𝑝) =
𝐺(𝑝)

1+𝐺(𝑝)
=

𝐾

𝐾+𝑝𝛼(1+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛)
  

𝜀𝑝 = lim
𝑝→0

 [1 − 𝐻(𝑝)] = lim
𝑝→0

[1 −
𝐾

𝐾+𝑝𝛼(1+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛)
] = 1 −

𝐾

𝐾
= 0



 

𝜀𝑣

𝜀𝑣 = lim
𝑡→+∞

𝜀(𝑡)

𝜀𝑣 = lim
𝑝→0

 𝑝 𝜀(𝑝) = lim
𝑝→0

 𝑝[𝐸(𝑝) − 𝑆(𝑝)] = lim
𝑝→0

 𝑝[𝐸(𝑝) − 𝐻(𝑝)𝐸(𝑝)]

𝜀𝑣 = lim
𝑝→0

 𝑝 𝜀(𝑝) = lim
𝑝→0

 𝑝 [
1

𝑝2 −
𝐻(𝑝)

𝑝2 ] = lim
𝑝→0

 [
1−𝐻(𝑝)

𝑝
]

𝜀𝑣

𝐺(𝑝) =
𝐾

1+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛

𝐻(𝑝) =
𝐺(𝑝)

1+𝐺(𝑝)
=

𝐾

1+𝐾+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛

𝜀𝑣 =  lim
𝑝→0

 [
1−𝐻(𝑝)

𝑝
] = lim

𝑝→0
 

1

𝑝
[1 −

𝐾

1+𝐾+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛] ⟹ 𝜀𝑣 ⟶ +∞

𝐺(𝑝) =
𝐾

𝑝𝛼(1+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛)

𝐻(𝑝) =
𝐺(𝑝)

1+𝐺(𝑝)
=

𝐾

𝐾+𝑝𝛼(1+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛)
  

𝜀𝑣 = lim
𝑝→0

 [
1−𝐻(𝑝)

𝑝
] = lim

𝑝→0

1

𝑝
[1 −

𝐾

𝐾+𝑝𝛼(1+𝑎1𝑝+𝑎2𝑝2+⋯+𝑎𝑛𝑝𝑛)
]



 

𝜀𝑣 = lim
𝑝→0

 
1

𝑝
[1 −

𝐾

𝐾+𝑝𝛼] = lim
𝑝→0

 
1

𝑝
[

𝑝𝛼

𝐾+𝑝𝛼] = lim
𝑝→0

 [
𝑝𝛼−1

𝐾+𝑝𝛼]

𝛼 = 1  𝜀𝑣 = lim
𝑝→0

 [
1

𝐾+𝑝
] =

1

𝐾

𝛼 > 1 𝜀𝑣 = lim
𝑝→0

 [
𝑝𝛼−1

𝐾+𝑝𝛼] = 0

𝑒(𝑡) = 𝑎𝑡2 𝐸(𝑝) =
2𝑎

𝑝3

 𝛼 < 2   ⟹  𝜀𝑎 = +∞

 𝛼 = 2   ⟹  𝜀𝑎 =
2𝑎

𝐾

 𝛼 > 2   ⟹  𝜀𝑎 = 0

 > 

𝑎 𝜀𝑝 =
𝑎

𝐾 + 1
𝜀𝑝 = 0 𝜀𝑝 = 0 𝜀𝑝 = 0

𝑎𝑡 𝜀𝑣 = +∞ 𝜀𝑣 =
𝑎

𝐾
𝜀𝑣 = 0 𝜀𝑣 = 0

(𝑎𝑡2) 𝜀𝑎 = +∞ 𝜀𝑎 = +∞
𝜀𝑎 =

2𝑎

𝐾


