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My agenda for this tutorial session

� I will introduce the Laplace Transforms as a useful 
tool for you to tackle control systems analysis.

� I will give examples on how to derive the transfer 
function of different systems represented by their 
mathematical models.

� I will talk about solving the system equation to 
obtain the system response and I will give 
examples regarding that.
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Laplace Transforms

s jσ ω= +
d

D s
dt

= =

� We transform the system (model), which is identified 
by a differential equation (transfer function), from time 
domain to frequency domain.

� We normally assume zero initial conditions at t=0. If 
any of the initial conditions are non-zero, then they 
must be added.
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� How to implement time-to-frequency 
transformation

Example

However, in control systems analysis we would rather use 
tables to implement such transformation
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� How can we carry out control system analysis 
using Laplace Transforms

1. We convert the system transfer function (differential 
equation)  to the s-domain using Laplace Transform 
by replacing ‘d/dt’ or ’D’ with ’s’. 

2. We convert the input function to the s-domain using 
the transform tables.

3. We combine algebraically the input and the transfer 
function to find out an output function.

4. We Use partial fractions to reduce the output function 
to simpler components.

5. We convert the output equation from the s-domain 
back to the time-domain to obtain the response using 
Inverse Laplace Transforms according to the tables.
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Laplace
Transforms
Properties
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� Laplace Transforms make things easy, for 
example consider the following 
convolution process:

which can be performed as simple 
multiplication in frequency domain using 
Laplace Transforms:
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Laplace 
Transforms
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Example
For this simple mechanical system obtain the transfer 
function in s-domain (i.e. dynamical model)
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Example
For this electrical circuit obtain the transfer function in s-domain
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� Have more examples on how to obtain the 
transfer function in the s-domain for the 
given systems:
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� Now back to our simple mechanical system to obtain its output 

response to a step input of magnitude 1000 N.

Assume,
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� Types of inputs (driving force)
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( ) [ ( )] 1F s L tδ= =



Solving for system response using 

Inverse Laplace Transforms
� Use the following flow chart to determine 

which way to go to do Inverse Laplace 
Tarnsforms
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� Performing partial fraction simplification
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� Now we proceed with the Inverse Laplace 
Transforms to obtain the system time response
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� Try to think about the case where the driving force is 
an impulse input. So what will be the impulse 
response ?

( ) [ ( )] 1F s L tδ= =
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� What’s about the partial fractions simplification 
for the repeated roots.

Example
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Have another example
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Special case
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� Initial and Final Value Theorems
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Conclusion

� Laplace Transforms are simple, useful and 
powerful tools to solve for system response 
and hence analyse the control system 

� BUT we need to prove that !!!!                     
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as differential equation 
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So equation solution (system response) = homogenous response + particular response
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� While solving for system response using 
Laplace Transforms
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Reference

� Electronic book 

“Dynamic System Modeling and Control”
by Hugh Jack at   

http://claymore.engineer.gvsu.edu/~jackh/boo
ks/model/pdf/model2_6.pdf
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Your Questions 

fkhalil@site.uottawa.ca


