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Transfer Functions
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Def.: 

1. G(s) is said to be proper if G(∞) is a finite constant -> 

2. G(s) is said to be strictly proper if G(∞) = 0 ->

3. Relative order : n-m

4. The order of system: n

5. Poles: -p1, -p2,… , -pn

6. Zeros: -z1, -z2,… , -zn

n m
n m

Note:  T.F. is to describe the relationship between input and output
T.F. is independent to the input and initial condition

LTI Dynamic System
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Dynamic Response

R=F YH(s)



(1) First order system

u(t)
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(2) Standard second order system
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(2) Standard second order system
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(a good approximation to behavior of many real systems)

11

12



2023/9/14

7

Feedback Control of System Prof. Cheng-Hsien Liu

Lecture 4 13

2

2 2

( )
( )

( ) 2
n

n n

wY s
H s

R s s w s w
 

 

r e uK P y

Controller Plant outputinput

control

0=<ξ<1

Impulse Response
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0=<ξ<1
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(1) ξ=0 -> undamped system

(2) 0<ξ<1 -> under damped system

(3) ξ=1 -> critical damped system

(4) ξ>1 -> over damped system
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0=<ξ<1
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Step Response
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Unity Feedback for a second order system
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Time-Domain Specs
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(2) Standard second order system
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(a good approximation to behavior of many real systems)
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Time-Domain Specs

1
1 1 0

1
1 1 0

( )
. . ( )

( )

m m
m m
n n

n

Y s b s b s b s b
T F G s

F s s a s a s a







   
 

   




1 2

1 2

( )( ) ( )

( )( ) ( )
m

n

s z s z s z
K

s p s p s p

  


  




33

34



2023/9/14

18

Feedback Control of System Prof. Cheng-Hsien Liu

Lecture 4 35

r e uK P y

Controller Plantinput

Feedback Control of System Prof. Cheng-Hsien Liu

Lecture 4 36

r e uK P y

Controller Plantinput

35

36



2023/9/14

19

Feedback Control of System Prof. Cheng-Hsien Liu

Lecture 4 37

Plant

37


