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Textbook

Luis Chapparo, Signals and Systems Using Matlab, 2nd ed., 
Academic Press, 2015.



Two-Sided Laplace Transform



Two-Sided Laplace Transform

• Laplace transform F(s) provides a representation of f(t) in 
the s-domain, which in turn can be inverted back into the 
original time-domain function (1:1)

• Laplace transform of impulse response of an LTI system 
h(t) is H(s) and is called the system or transfer function

• Region of Convergence: region in s where transform exists



One-Sided Laplace Transform



Laplace Transformation Table



Laplace Transform Properties



Linearity



Differentiation



Integration



Time Shifting

• Simply shown by a change of variables



Convolution Integral



Example 1



Example 2

• Compute H(s) for:

• Using table: 

▫ causal component:

▫ Anti-causal component:



Example 3



Example 4

• Use the differentiation property to compute the Laplace 
transformation of                               starting from R(s) 
derived in Example 3



Example 5

• Let y(t) be a causal signal. Compute Y(s) given that



Laplace Transform ROC



Inverse Laplace Transform

• Inverting the Laplace transform consists in finding a 
signal that has the given transform with the given region 
of convergence (ROC)

• 3 Cases:

▫ Inverse of one-sided Laplace transforms giving causal 
functions

▫ Inverse of Laplace transforms with exponentials.

▫ Inverse of two-sided Laplace transforms giving anti-
causal or noncausal functions 



Inverse of One-Sided Laplace 

Transforms: Partial Fraction Expansion

• Expanding the given function in s into a sum of 
components of which the inverse Laplace transforms can 
be found in a table of Laplace transform pairs

L-1



Simple Real Poles

L-1



Simple Real Poles – Example

• Find the causal inverse of: 

L-1



Simple Complex Conjugate Poles

L-1



Simple Complex Conjugate Poles

• Fine the causal inverse Laplace transform of 

L-1



Double Real Poles

L-1



Double Real Poles - Example

• Find the causal inverse Laplace transform of:



Analysis of LTI Systems

• Complete response for system described by

with initial conditions:

is obtained by inverting the Laplace transform:



Analysis of LTI Systems

• Let 



Analysis of LTI Systems - Example

• Find the impulse response h(t) and unit step response 
s(t) of the system defined by the differential equation:

• Assume zero initial conditions (LTI)



Analysis of LTI Systems - Example

• Consider the same system but with nonzero initial conditions

• Can we compute h(t) ??

Unable to find H(s)=Y(s)/X(s)!



Computation of the Convolution 

Integral

• H(s) transfers the Laplace transform X(s) of the input 
into the Laplace transform of the output Y(s). 

• Once Y(s) is found, y(t) is computed by means of the 
inverse Laplace transform.



Computation of the Convolution 

Integral – Example

L-1

L-1



Covered Material and Assignments

• Chapter 3 of Chaparro’s textbook

• Assigned Problem Set #3


