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APPLICATION OF THE LAPLACE TRANSFORM

TO CIRCUIT ANALYSIS

LEARNING GOALS

Laplace circuit solutions

Showing the usefulness of the Laplace transform

Circuit Element Models

Transforming circuits into the Laplace domain

Analysis Techniques

All standard analysis techniques, KVL, KCL, node,

loop analysis, Thevenin’s theorem are applicable

Transfer Function

The concept is revisited and given a formal meaning

Chapter 13 The Laplace Transform 

in Circuit Analysis

 Circuit Elements in the s Domain

 Circuit Analysis in the s Domain

 The Transfer Function and the Steady- State Sinusoidal 

Response
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Why Another Technique?

1)We wish to consider transient behavior 

of circuits containing more than a single 

node voltage or mesh current

2)Transient response of circuits 

containing complicated signal sources

3)Laplace is used to consider/define 

transfer functions

4)Relate time domain to frequency domain 

behavior

  



0

)()()( dtetfsftf stL

Definition of Laplace transform

Laplace transform of some elementary functions

F(s) = £{ f(t)}
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CIRCUIT ELEMENT MODELS

For a more efficient approach:

1. Develop s-domain models for circuit elements

2. Draw the “Laplace equivalent circuit” keeping the interconnections and replacing

the elements by their s-domain models

3. Analyze the Laplace equivalent circuit. All usual circuit tools are applicable and all 

equations are algebraic.
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Capacitor: Model 1
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Capacitor: Model 2
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Without Initial Conditions
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All Previous series, parallel, D-Y   

conversions are applicable in s-domain

KCL, KVL are also applicable

All other techniques can be used in s

-domain

Only with energy stored in s-domain, ohm’s

law is modified to add sources related to 

initial energy in L and C
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How to analyze a circuit in the s-

domain?

Replacing each circuit element with its s-

domain equivalent. The initial energy in L 

or C is taken into account by adding 

independent source in series or parallel with 

the element impedance.

Writing & solving algebraic equations by 

the same circuit analysis techniques 

developed for resistive networks.

Obtaining the t-domain solutions by inverse 

Laplace transform.

Why to operate in the s-domain?

It is convenient in solving transient 

responses of linear, lumped parameter 

circuits, for the initial conditions have been 

incorporated into the equivalent circuit.

It is also useful for circuits with multiple 

essential nodes and meshes, for the 

simultaneous ODEs have been reduced to 

simultaneous algebraic equations.

It can correctly predict the impulsive 

response, which is more difficult in the t-

domain (Sec. 13.8).
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Natural response of an RC circuit (1)

• Q: i(t), v(t)=?

• Replacing the charged capacitor by a Thévenin

equivalent circuit in the s-domain.

• KVL, & algebraic equation & solution of I(s):

Natural response of an RC circuit (2)

 The t-domain solution is obtained by 

inverse Laplace transform:
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Natural response of an RC circuit (3)
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LEARNING BY DOING

Ai 1)0( 

Determine the model in the s-domain and the expression for

the voltage across the inductor

Inductor with

initial current

Equivalent circuit in 

s-domain
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ANALYSIS TECHNIQUES

All the analysis techniques are applicable in the s-domain

LEARNING EXAMPLE Draw the s-domain equivalent and find the voltage in both

s-domain and time domain
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Thevenin’s
Find ic(t) for t >0 using TEC
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LEARNING EXAMPLE

theorem. sNorton' and sThevenin' tion,transforma source

ion,superposit analysis, loop analysis, node  using  Find )(tvo

Assume all initial conditions are zero
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Loop Analysis
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Source Transformation

The resistance is redundant

Combine the sources and use current

divider
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Using Norton’s Theorem
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LEARNING EXAMPLE zero be to conditions initial all  Assume  voltagethe Determine ).(tvo

. Three loops, three non-reference nodes

. One voltage source between non-reference

nodes - supernode

. One current source. One loop current known

or supermesh

. If v_2 is known, v_o can be obtained with a

voltage divider

Selecting the analysis technique:

Transforming the circuit to s-domain
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Continued ... theorem sThevenin' using  Compute )(sVo

-keep dependent source and controlling

variable in the same sub-circuit

-Make sub-circuit to be reduced as simple

as possible

-Try to leave a simple voltage divider after

reduction to Thevenin equivalent
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Continued … Computing the inverse Laplace transform

Analysis in the s-domain has established that the  Laplace transform of the 

output voltage is
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One can also use

quadratic factors...
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LEARNING EXTENSION equations node using  Find )(tio

supernode

oVSo VV 

Assume zero initial conditions

Implicit circuit transformation to s-domain
SV

KCL at supernode
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LEARNING EXTENSION equations loop using  Find )(tvo

supermesh
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Determine inverse transform
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TRANSIENT CIRCUIT ANALYSIS USING LAPLACE TRANSFORM

For the study of transients, especially transients due to switching, it is important

to determine initial conditions. For this determination, one relies on the properties:

1. Voltage across capacitors cannot change discontinuously

2. Current through inductors cannot change discontinuously

LEARNING EXAMPLE 0),( ttvo Determine

AiVv LC 1)0(,1)0( 

itshortcircu are inductors

circuit open are capacitors case DCFor 

Assume steady state for t<0 and determine

voltage across capacitors and currents 

through inductors
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Circuit for t>0
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LEARNING EXTENSION 0),(1 tti Determine

Initial current through inductor
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LEARNING EXTENSION 0),( ttvo Determine

Determine initial current through inductor
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TRANSFER FUNCTION

)(sX )(sYSystem with all

initial conditions

set to zero
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function impulse theFor 

The inverse transform of H(s) is also

called the impulse response of the system

If the impulse response is known then one

can determine the response of the system

to ANY other input

H(s) can also be interpreted as the Laplace

transform of the output when the input is

an impulse and all initial conditions are zero

LEARNING EXAMPLE   response impulse has networkA u(t)eth
t)(

)(10)()( 2
tuetvtv

t
io

input  thefor  , response, the Determine
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LEARNING EXAMPLE

)(
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)(

sV

sV
sH

i

o functiontransfer  the Determine

Transform the circuit to the Laplace

domain. All initial conditions set to zero

Mesh analysis

212)( IIsVi 

21

1
10 I

sC
sI 










)(sVi

)(
1

)( 2 sI
sC

sVo 

Css

C
sVo

/1)2/1(

)2/1(
)(

2 


25.025.02,1 js   :poles 8FC a)

25.02,1  s :poles 16FC b)

073.0,427.02,1  s :poles 32FC c)

LEARNING EXTENSION
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Determine the pole-zero plot, the type of damping and the 

unit step response
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STEADY STATE RESPONSE

)()()( sXsHsY  Response when all initial conditions are zero 

Laplace uses positive time functions. Even for sinusoids the response contains

transitory terms
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transient Steady state response

If interested in the steady state response

only, then don’t determine residues

associated with transient terms
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LEARNING EXAMPLE Determine the steady state response

Transform the circuit to the Laplace domain.

Assume all initial conditions are zero
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LEARNING EXTENSION 0),( ttvoss Determine

If ( ) cos( ) ( )
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Answer

Answer
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