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CHAPTER OBJECTIVES

 Review the Laplace transform

 Learn how to find a mathematical model, 

called a transfer function, for linear, time-

invariant electrical, mechanical, and

electromechanical systems

 Learn how to linearize a nonlinear system in 

order to find the transfer function
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Block Diagram
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LAPLACE TRANSFORM REVIEW
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LAPLACE TRANSFORM REVIEW



TRANSFER FUNCTIONS
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TRANSFER FUNCTIONS OF PHYSICAL 

SYSTEMS

 ELECTRICAL NETWORK TRANSFER FUNCTIONS

 TRANSLATIONAL MECHANICAL SYSTEM TRANSFER FUNCTIONS

 ROTATIONAL MECHANICAL SYSTEM TRANSFER FUNCTIONS

 TRANSFER FUNCTIONS FOR SYSTEMS WITH GEARS

 ELECTROMECHANICAL SYSTEM TRANSFER FUNCTIONS

 ELECTRIC CIRCUIT ANALOGS
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Basic Elements of Electrical Systems

• The time domain expression relating voltage and current for the 
resistor is given by Ohm’s law i-e

Rtitv RR )()( 

• The Laplace transform of the above equation is

RsIsV RR )()( 



Basic Elements of Electrical Systems

• The time domain expression relating voltage and current for the 
Capacitor is given as:
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• The Laplace transform of the above equation (assuming there is no 
charge stored in the capacitor) is
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Basic Elements of Electrical Systems

• The time domain expression relating voltage and current for the 
inductor is given as:
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• The Laplace transform of the above equation (assuming there is no 
energy stored in inductor) is
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V-I and I-V relations
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Component Symbol V-I  Relation I-V Relation

Resistor

Capacitor

Inductor
dt

tdi
Ltv L

L

)(
)( 

dtti
C

tv cc  )()(
1

Rtitv RR )()( 
R

tv
ti R

R

)(
)( 

dt

tdv
Cti c

c

)(
)( 

dttv
L

ti LL  )()(
1



ELECTRICAL NETWORK TRANSFER FUNCTIONS
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Kirchhoff’s Voltage Law (KVL), Loop method
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ELECTRICAL NETWORK TRANSFER FUNCTIONS
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Laplace transform

Zero initial conditions;
0 0( 0) 0; ( 0) 0c cv t v t   



ELECTRICAL NETWORK TRANSFER FUNCTIONS
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( ) Output, ( )  InputCV s V s 

Transfer function
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Block diagram



ELECTRICAL NETWORK TRANSFER FUNCTIONS
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Kirchhoff’s Current Law (KCL), Node method

  0321  iii 0321  iii



ELECTRICAL NETWORK TRANSFER FUNCTIONS
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Impedance Method
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Elements of Electrical 
System: Impedance Method

       sZsZsZsZ neq  21

Theorem 1. If there are  n impedance in series

Equivalent impedance for two impedances in series 

     sZsZsZeq 21 
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Elements of Electrical System
Impedance Method

       sZsZsZsZ neq
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Theorem 2. If there are  n impedance in parallel

Equivalent impedance for two impedances in parallel

     sZsZsZeq 21
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ELECTRICAL NETWORK TRANSFER FUNCTIONS
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Impedance Method
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Zero initial conditions;



ELECTRICAL NETWORK TRANSFER FUNCTIONS
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ELECTRICAL NETWORK TRANSFER FUNCTIONS
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Kirchhoff’s Current Law (KCL), Node method 
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ELECTRICAL NETWORK TRANSFER FUNCTIONS
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ELECTRICAL NETWORK TRANSFER FUNCTIONS
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Transfer function

Laplace transform with zero initial conditions;



Divider
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Filter Circuit
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Low-pass Filter



OPERATIONAL AMPLIFIERS
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OPERATIONAL AMPLIFIERS
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- Inverting Op-Amp

- Non-inverting Op-Amp



INVERTING OPERATIONAL 
AMPLIFIERS
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INVERTING OPERATIONAL 
AMPLIFIERS
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Transfer function



INVERTING OPERATIONAL 
AMPLIFIERS: High Pass Filter
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High-pass filter circuit
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INVERTING OPERATIONAL 
AMPLIFIERS: High Pass Filter
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Transfer function



INVERTING OPERATIONAL 
AMPLIFIERS: PID Controller
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INVERTING OPERATIONAL 
AMPLIFIERS: PID Controller
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NON-INVERTING OPERATIONAL 
AMPLIFIERS
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NON-INVERTING OPERATIONAL 
AMPLIFIERS
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Transfer function


