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E(s) From block diagram 

Closed-loop transfer function is 



3

Transient Response of High-Order Systems

( )
( )
( )sq

sp
sG = ( )

( )
( )sd

sn
sH =

( ) ( ) ( ) ( ) ssdsnsqsp in  spolynomial and ,, −

( )
( )

( )
( )

( ) ( )
( ) ( )( ) ( ) ( )( )sdsnsqsp

sqsp

sGH

sG

sR

sC

+
=

+
=

11

( )
( )

( ) ( )
( ) ( ) ( ) ( )snspsdsq

sdsp

sR

sC

+
=

when

Thus, closed-loop transfer function is 
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or in this form

or partial fraction  form
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for unit-step input
Case I  all real closed-loop poles in eq.1 

when ai is part of pole at  s=  -pi

Eq.1
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Example

1,2,3 1, 10, 20;    1p K= − − − =

Partial-fraction expansion

Solution

Thus
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Dominant pole

1 1p = −
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Case II Real closed-loop poles and pair of complex-conjugate 
poles for unit-step input

when
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Example: Unit-step input

Partial-fraction expansion
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Partial-fraction expansion 
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