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7.1. +���	�&�/0��12�� (Characteristic Equation) �2� (Poles) <��=��	(Zeros) 
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� 3 ,.
 

RI�1�Ŷ�	��Q)1 characteristic equation �.1��T�
 RI�1��
T��0��Ŷ� 0, 1s i= − ±  
>S��	.�
T�R��	 >���	N��/�M-����	L�M>���	 

 10 2 0s + =  
RI�1�S���M/�M
T�R��	-S��
� 1 ,.
 RI�1��
T� s = 0.2        

7.2. Transient Response E?,	���?&��&���F�, 
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T� T RC=  
T� time constant Q)1	��� RI�1���?

��
T���H�)�
��&T��/Y t T=  	�����
T��0����Ŷ� 

 11 1 0.368 0.632e
−− = − =  

�	H) 63.2 % �+T�>��,�
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T� time constant ��
T���T��.���I�1 L�� 1A =  -�/�M�	�Z��	,)�>�)1�.1	]Y 
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7.3. Transient Response E?,	���?&��&�+?, 

7.3.1. �	0����	���H�A��<���*?	� 

�������K/�T/�M���?

��NI1L,TL���Y)	���	�����1����T��.K� L,T���?NI1	���).��.�>)1��d �e,�������
>.�Y	�>��*�f��M�,.
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)?T�1Q)1	����
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RI�1>���	Q)1	����
�->Y	�1
H) 
 my ky u+ =��  (7.1) 
-��>���	�.1��T�
�	�-��Q�?�LY�1��Y��>-�/�M T.F. �Ŷ� 
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��	,)�>�)1Q)1	���-����.�J=�QIK�)?]T�.��0�Q)1 T.F.  RI�1>���	�.1��T�
���0��Ŷ� complex conjugate 

H) s i k m= ±  �S���M����	,)�>�)1��	]YQ)1Z[1��+.� sinusoidal �����

��N��*		�+�,���T��.� 
 

n
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RI�1�� characteristic equation �Ŷ� 2 2 0
n

s ω+ =  L����
T��0��Ŷ�-S��
�-��,j�0 (/�T��>T
�-	�1) 
n

s iω= ±  ��?��� 
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T�

��N��*		�+�,� (undamped natural frequency) Q)1	��� 

 
'&
?@A�, �	�-�>��,���M	����� 1 kgm =  L�� 4 N/mk =  ��?����� input �Ŷ� unit-step function 1/U s=  
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n
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7.3.2. �	0����	�����<���*?	� 

��	,)�>�)1Q)1	����
�->Y	�1-L���Y)	�>���	N-S�L���Ŷ����?L��QIK��.�Q���L���Y)	�  NM�L���Y)	�
)T)� 	���-�������	L�
T1 (oscillatory) �Ŷ��	�Z sinusoidal 
�M�?�.���	����
�->Y	�1  L,TL)�0��-]�-����1�	H�)?d
,���
��-��Ŷ�']�?������>\� �	��	�?���	,)�>�)1���.�J=���K
T��Ŷ� underdamped  NM�	�����L���Y)	�LQe1-��S���M
	���,)�>�)1��?/�T����	L�
T1����QIK��	�?���	,)�>�)1���.�J=���K
T��Ŷ� overdamped   NM�L���Y)	���
T�

��
LQe1)?]T	��
T�1���1�.K1>)1L�� ��T�

H) ��L���Y)	����)T)����>\���?���?.1/�T�S���M������	L�
T1 �	��	�?���	,)�>�)1+T
1
,T)��K
T��Ŷ�+T
1
��k,� �	H) critically damped  

�	�-�0�-�	=���	,)�>�)1Q)1	����
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�	�-��S����,.
LY	���T��M 
RI�1�	�-�L�T1��	,)�>�)1/�M�Ŷ� 3 �	=�,���0�Q)1	����.1,T)/Y��K 

�	0���� 1 Overdamped 2 4 0b mk− >  �0�Q)1	���-��Ŷ�-S��
�-	�1/�TRKS� 
1 2
,s s  �	�-�/�M&��l�?��	]YQ)1

Z[1��+.� exponential  RI�1��	,)�>�)1-�/�T����	L�
T1 �.1�.K�-I1/�T��

��N��*		�+�,� 
�	0���� 2 Critically Damped 2 4 0b mk− =  �0�Q)1	���-��Ŷ�-S��
�-	�1RKS�
H) 

1 2
/ 2s s b m= = −  �	�-�/�M

��	,)�>�)1��	]YQ)1 exponential function ���/�T����	L�
T1�+T��.� L,T����	,)�>�)1�	e
�
T�L�� overdamped 
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�	0���� 3 Underdamped 2 4 0b mk− <  �0�Q)1	���-��Ŷ� complex conjugate 
H) 

 
24

2 2

b mk b
s i i

m m
α β

− −
= ± = ±  

��?��� / 2b mα = −  L�� 24 / 2mk b mβ = −   RI�1�S���M��	,)�>�)1Q)1	����Ŷ� sinusoidal function �����L)�0��-]
����1L�� exponential  ��?���>T
��+�1RM)�-��)�NI1

��N������	L�
T1Q)1	��� L��>T
�-	�1-��Ŷ�,.
�S����).,	�
��	���1Q)1L)�0��-]� 

�	�-���e�
T�
T� damping ����S���M����	,)�>�)1�Ŷ� critically damped 
H) 2b mk=   �	�-���?��,.
LY	���
�Ŷ�>.�>T
�	��
T�1Q)1
T� damping -	�1 �.�
T� damping ����S���M��	,)�>�)1�Ŷ� critically damped �	�?�
T��Ŷ� 

 actual damping value
damping ratio

critical damping value 2

b

mk
ζ= = =  

L��-�� (7.2) �	���?�� undamped natural frequency 
H) 

 
n

k mω =  

-�/�M 
( )

( ) ( )

2

2 2 2 2 2 2

2 2 2

1 1

1 1 1 1

2
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n n n n n
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Y

b kU m
s s

m m

m ms s

m s

ζω ω ζω ζ ω ω

ζω ω ζ

=
+ +

= =
+ + + − +

=
+ + −

 

�.1�.K��0�Q)1	���-��Q�?�/�M��	]Y 

 21
n n

s iζω ω ζ= − ± −  
�.1�.K�	�����K-���

��N��*		�+�,��Ŷ� 21

d n
ω ω ζ= −  RI�1�	��	�?� 

d
ω  
T��Ŷ� damped natural frequency 

 
	]Y,T)/Y��KL>�1

�����?Q)1,S�L��T1Q)1�0�>S��	.�	����������	,)�>�)1L�� underdamped 

n
ζω−

β

21nω ζ−
n

ω

cosβ ζ=

 
'&
?@A�,  >��,���M	����� 1 kgm = , 2 N-s/mb =  L�� 4 N/mk =  (�0���
T�L���Y)	�-��,.
)?T�1����) 
(Underdamped) 
 
'&
?@A�,  >��,���M	����� 1 kgm = , 4 N-s/mb =  L�� 4 N/mk =  (�0���
T�L���Y)	�-��,.
)?T�1����) 
(Critically damped) 
 
'&
?@A�,  >��,���M	����� 1 kgm = , 5 N-s/mb =  L�� 4 N/mk =  (�0���
T�L���Y)	�-��,.
)?T�1����) 
(Overdamped) 
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