
{ }

{ }

{ }

{ }

{ }

{ }

{ }

{ }

2

1

2

( 1)

0 2 2
0

0
0 2 2

0

0 2 2
0

( ) 1
1( )

1( )

1( )
( 1)!

1( )

1( )
( )

1( )
( 1)! ( )

cos( ) ( )

sin( ) ( )

cos( ) (

n

)
)

si

(

m

m

at

at

m
at

m

t

t

t

u t
s

tu t
s

t u t
m s

e u t
s a

te u t
s a

t e u t
m s a

st u t
s

t u t
s

se t u t
s

e

α

α

δ

ω
ω

ωω
ω

αω
α ω

−

−

−

−
−

−

−

=

=

=

⎧ ⎫
=⎨ ⎬−⎩ ⎭

=
+

=
+

⎧ ⎫
=⎨ ⎬− +⎩ ⎭

=
+

=
+

+
=

+ +

L

L

L

L

L

L

L

L

L

L

L�{ }

{ }
{ }

0
0 2 2

0

2
2

2

( ) ( )
( )

( ) ( ) (0 )

( ) ( ) (0 ) (0 )

( ) ( )

( ) ( )

, 0 ( )

as

at

t u t
s

dx t sX s x
dt

d x t s X s sx x
dt

x t a e X s

e x t X s a

tx a aX as
a

ωω
α ω

−

− −

−

−

=
+ +

⎧ ⎫ = −⎨ ⎬
⎩ ⎭
⎧ ⎫

= − −⎨ ⎬
⎩ ⎭

− =

= +

⎧ ⎫⎛ ⎞ > =⎨ ⎬⎜ ⎟
⎝ ⎠⎩ ⎭

L�

L�

L�

L�

L�

 

 

 

 

 

Second Order System Properties 

Percent Overshoot: 
21 100. %.P O e

ζπ

ζ−

−

×=   

If 
100

maxPOβ =  then
2

ln( )

ln( )1

β
πζ

β
π

−

=
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 ,  

1( )cosθ ζ−= Time to Peak: 

2, 1p d n
d

T π ω ω ζ
ω
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2% Settling Time: 44
s

n

T τ
ζω
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Initial Value Theorem: If ( ) ( )x t X↔ s
0

lim ( ) lim ( )
st

 x t sX
+ →∞→

s=  

Final Value Theorem: If ( ) ( )x t X↔ s
0

lim ( ) lim ( )
t s

 x t sX
→∞ →

s=  

 


