
Lecture 15�
- why use transfer functions? -
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Review
• Stability


• Definitions


• Analysis 


• Reachability


• Test for linear systems


• Observability


• Test for linear systems


• Stabilization through state feedback

2



3



 Damped oscillator 
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 Damped oscillator 
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• If 
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 Damped oscillator 
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• If 
 
 
 
 

• If          then            defines the oscillation frequency
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Today
• Input/output transfer function of a linear system


• Understand the relationships among 


• state-space model


• frequency response (Bode plot)


• transfer function 


• Routh-Hurwitz stability criterion


• Canonical form realizations
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Transmission of exponential signals
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Derivation of the transfer function

11

pure exponential responsetransient response 
if the system is stable,  

y(t) does not depend on x(0)



 Damped oscillator 
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steady-state response to a step 
function, we set s=0 

 steady-state response to a sinusoid

Gyu(s) = C(sI �A)�1B

=
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0

s = � + !i

dx

dt
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y = Cx

Second-order linear system
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Gains, poles and zeros 
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Poles of the transfer function are the 
 eigenvalues of the matrix A 


⇒ tf stable if all of its poles have negative real part

 roots of b(s) are called the zeros
 roots of a(s) are called the poles

Should the pair of zeros lie directly upon the imaginary axis 
the system does not respond at all to sinusoidal excitation at 

that frequency.

⇒ response is zero at the frequency of the zero
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Routh-Hurwitz Criterion
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Transfer function
• A compact description of the input/output


• Use tf to connect systems (block algebra)


• Response of the system to an exponential input
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Routh-Hurwitz Criterion
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Routh-Hurwitz Criterion
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2 poles in RHP

a(s) = 3s4 + 10s3 + 5s2 + 5s+ 2

7/2 2

s1

s0

s4

s3

s2

3 5 2

10 5

�1/7

2

7/2 2

s1

s0

s4

s3

s2

3 5 2

�1/7

2

2 1



0

�21 � 63

1 24 63

1 4 3

a(s) = s5 + s4 + 4s3 + 24s2 + 3s+ 63

Routh-Hurwitz Criterion
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Realization of a transfer function 𝖧(𝗌)
• A state space model (A, B, C, D) if its transfer function coincides with H(s): 

 

• A transfer function H(s) is realizable if there exists a state space model (A, B, C, 
D) with transfer function H(s)

C(sI �A)�1
B +D = H(s)

H(s) is realizable ⇒ H(s) is rational and proper



Controllable canonical form realization
• Suppose that H(s) can be expressed as 

 
 
 

• Example:
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Controllable canonical form realization
The transfer function H(s) can be expressed as 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Example
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H(s) =
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Observable canonical form realization
The transfer function H(s) can be expressed as 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Next
• Root locus


• Bode plots
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