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Frequency Domain Models



Impedance and Mobility Functions of Mechanical Elements

Element Time-Domain 
Model

Impedance Mobility
(Generalized 
Impedance)

Mass
m 𝑚

𝑑𝑣
𝑑𝑡

= 𝑓 𝑍! = 𝑚𝑠 𝑀! =
1
𝑚𝑠

Spring
k

𝑑𝑓
𝑑𝑡

= 𝑘𝑣 𝑍" =
𝑘
𝑠

𝑀" =
𝑠
𝑘

Damper
b

𝑓 = 𝑏𝑣 𝑍# = 𝑏 𝑀# =
1
𝑏

Note: Frequency domain is a special case of Laplace domain

Commonly, frequency domain is used when dealing with impedance approaches.
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Impedance and Admittance Function of Electrical Elements

Element Time-Domain 
Model

Impedance
(Z)

Admittance
(W)

Capacitor
C 𝑐

𝑑𝑣
𝑑𝑡

= 𝑖 𝑍$ =
1
𝐶𝑠

𝑊$ = 𝐶𝑠

Inductor
L 𝐿

𝑑𝑖
𝑑𝑡
= 𝑣 𝑍% = 𝐿𝑠 𝑊% =

1
𝐿𝑠

Resistor
R

𝑅𝑖 = 𝑣 𝑍& = 𝑅 𝑊& =
1
𝑅

Note: Frequency domain is a special case of Laplace domain

Commonly, frequency domain is used when dealing with impedance approaches.
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Interconnection Laws for Series and Parallel Connections of Mobility and Impedance

𝑣 = 𝑣' + 𝑣(

𝑣
𝑓
=
𝑣'
𝑓
+
𝑣(
𝑓

𝑀 = 𝑀' +𝑀(
'
)
= '

)!
+ '
)"

Z1
f

Z2

M1 M2

v1 v2
v

Series Connections Parallel Connections

f
Z1

Z2
v

M2

M1

𝑓 = 𝑓' + 𝑓(

𝑓
𝑣
=
𝑓'
𝑣
+
𝑓(
𝑣

𝑍 = 𝑍' + 𝑍(
'
*
= '

*!
+ '
*"
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Interconnection Laws for Electrical Impedance and Admittance

Series Connections Parallel Connections

𝑣 = 𝑣' + 𝑣( 𝑖 = 𝑖' + 𝑖(
𝑣
𝑖
=
𝑣'
𝑖
+
𝑣(
𝑖

𝑖
𝑣 =

𝑖'
𝑣 +

𝑖(
𝑣

𝑍 = 𝑍' + 𝑍( 𝑊 = 𝑊' +𝑊(

1
𝑊
=

1
𝑊'

+
1
𝑊(

1
𝑍
=
1
𝑍'
+
1
𝑍(

Note: Electrical Impedance and Mechanical Mobility are 
“A-Type Transfer Functions” ç [Across Variable/Through Variable] ç Same Interconnection Law

Electrical Admittance and Mechanical Impedance are 
“T-Type Transfer Functions” ç [Through Variable/Across Variable] ç Same Interconnection Law
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Example 1: Ground-based Mechanical Oscillator

Three elements are connected in parallel è Mechanical impedances add Overall Impedance 

Function 𝑍 𝑠 = + ,
- ,

= 𝑍! + 𝑍" + 𝑍# = 𝑚𝑠 + "
,
+ 𝑏 = !,".#,."

,

Mobility Function 𝑀 𝑠 = - ,
+ ,

= ,
!,".#,."

Note: Mobility (not mechanical impedance) is the natural transfer function for this system 
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Example 2: Oscillator with Support Motion

Spring and damper are connected in parallel: Their overall impedance = 

𝑍" + 𝑍# =
1
𝑠 + 𝑏 = 𝑍,

Mass is connected in series with this pair: Their overall mobility 
𝑉 𝑠
𝐹 𝑠 = 𝑀! +

1
𝑍,
=

1
𝑚𝑠 +

1
⁄𝑘 𝑠 + 𝑏 =

𝑚𝑠( + 𝑏𝑠 + 𝑘
𝑚𝑠 𝑏𝑠 + 𝑘

Corresponding impedance + ,
- ,

= !, #,."
!,".#,."

; Mobility of  mass -# ,
+ ,

= '
!,

(s)
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Force Transmissibility:

Page 8 of  14Transmissibility Functions

Force Transmissibility
Force Transmitted Support

Applied Force
T

F
Ff

s=
to

Note: Inertia force path is not direct. Transmitted force fs does not contain it.

Think of  a machine mounted 
on ground.



Motion Transmissibility:
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Suspension

Mechanical System

vm

v(t)

Ground

Support
Structure

V
VT mm
 MotionSupport 

 Motion SystembilityTransmissiMotion = 

Think of  a vehicle and its 
suspension system.



Example 1:  Ground-based Mechanical Oscillator 
    

             

                  Mechanical (Physical) Circuit        Impedance Circuit 
 

Parallel Connectionè Common across variable; Through variables add 

Force Transmissibility 

 2

/ /
/ /

s s b k s
f

m b k m s

F F V Z Z Z b k s bs kT
F F V Z Z Z Z Z ms b k s ms bs k

+ + +
= = = = = =

+ + + + + + +   

 è 
s m

f
m s s m

Z MT
Z Z M M

= =
+ +     Note: Suspension Impedance 

1
s b k

s

Z Z Z
M

= + =  
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Example 2:   Oscillator with Support Motion 

   
 

Mechanical Circuit    Impedance Circuit 
 

Motion Transmissibility 
/ 1 1
/ 1 1

m m m s
m

s mm s m s

m s

V V F M ZT M ZV V F M M Z Z
M Z

= = = = = =
+ ++ +  

   

è Tf (Example 1) = Tm (Example 2) 
è They are complementary (dual) systems for transmissibility 

Mechanical (Physical) 
CircuitThink of a vehicle.
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Example 3:  Ground-based 2DOF Mechanical System 
    

                                                                                                                                          

              Mechanical System                       Impedance Circuit 

Mobility of right hand side branch 
1 2

1 1

s m s
M

Z Z Z
= +

+  

Force through branch 1
1

1
1

1 1m
m

MF F F
MZZ

M

é ù
ê ú é ù

¢ = =ê ú ê ú+ë ûê ú+
ë û

 

Force through Zs is 
2

s
s

m s

ZF F
Z Z
é ù

¢= ê ú+ë û  

Force transmissibility   
1 2

1
1

s s
f

m m s

F ZT
F MZ Z Z

é ù é ù
= = ê ú ê ú+ +ë û ë û   

Think of  
mounted machine

Note how the 
impedance circuit 
is sketched

Force is divided 
in proportion to 
Impedance. 
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Example 4:   2DOF Mechanical System with Support Motion 

                                                                 

Mechanical System                   Impedance Circuit 

Impedance of bottom composite unit 
2 1 1

1 1

m s m
Z

M M M
= +

+  

Velocity across this unit 
1

1
1 1s

s

ZV V V
M ZM

Z

é ù
ê ú é ù

¢ = =ê ú ê ú+ë ûê ú+
ë û

 

Velocity of mass m1 is 1

1 1

m
m

s m

MV V
M M
é ù

¢= ê ú+ë û  

Motion transmissibility 
1

1 1

1
1

m m
m

s s m

V MT
V M Z M M

é ù é ù
= = ê ú ê ú+ +ë û ë û  

Think of a 
vehicle Note how the 

Mobility circuit 
is sketched

Velocity is divided 
in proportion to 
Mobility. Why?
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The End!!


