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Chapter 2 

Definition of Laplace transform: 

Mathematical Modeling of Chemical Processes Chapter 2 Laplace Transforms 

 F(s) is called Laplace transform of f(t). 

 f(t) must be piecewise continuous. 

 F(s) contains no information on f(t) for t < 0. 

 The past information on f(t) (for t < 0) is irrelevant. 

 The s is a complex variable called “Laplace transform 

variable” 
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Laplace transforms of some functions: 
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Chapter 2 Mathematical Modeling of Chemical Processes 

Refer to Table 3.1 (Seborg et al.) for Laplace transforms of 

other functions: 

f(t)                                                            F(s) 
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Table 3.1  Laplace Transforms for Various Time-Domain 

Functionsa 
f(t)                                                            F(s) 
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f(t)                                                            F(s) 

Table 3.1  Laplace Transforms for Various Time-Domain 

Functionsa 
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Properties of Laplace transform: 
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Properties of Laplace transform: 
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Example. Find the Laplace transfer of:   

Example.    
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Chapter 2 Mathematical Modeling of Chemical Processes 

Example. What is the final value of X given by the following 

system?   

Example. Find the Laplace transform for                    ?   
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Chapter 2 Mathematical Modeling of Chemical Processes 

 Inverse Laplace Transform: 

 

 Used to recover the solution in time domain: 

 

 – From the table 

 

 – By partial fraction expansion 
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Chapter 2 Mathematical Modeling of Chemical Processes 

 Partial fraction expansion 

– After the partial fraction expansion, it requires to know 

some simple formula of inverse Laplace transform such 

as: 

Chapter 2 Laplace Transforms 

• Case I: All pi’s are distinct and real: 

 

–  Find the coefficients for each fraction: 

 Comparison of the coefficients after multiplying the 

denominator 

 Replace some values for s and solve linear algebraic 

equation 

 Use of Heaviside expansion 

Multiply both side by a factor, (s+pi), and replace s 

with –pi: 

– Inverse LT: 
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• Case II: Some roots are repeated 

– Each repeated factor has to be separated first. 

– Same methods as Case I can be applied. 

– Heaviside expansion for repeated factors: 

– Inverse LT: 
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• Case III: Some roots are complex 

– Each repeated factor has to be separated first. 

– Then, 

– Inverse LT: 
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Chapter 2 Mathematical Modeling of Chemical Processes 

Example. Perform partial fractions of: 

– Multiply each factor and insert the zero value 
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Example. Perform partial fractions of: 

– Use of Heaviside expansion: 

In this example, r = 3 and p=1 
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Example. Perform partial fractions of: 
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Example. Perform partial fractions of: 
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 Laplace transforms can be used in process control for: 

1. Solution of differential equations (linear) 

 

2. Analysis of linear control systems (frequency response) 

 

3. Prediction of transient response for different inputs 
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Chapter 2 Mathematical Modeling of Chemical Processes 

 Another useful feature of Laplace transform: 

We can analyze the denominator of the transform to 

determine its dynamic behavior.  

 

 For example if:   

The denominator can be factored into (s+2)(s+1). Using 

the partial fraction technique: 
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The process response will have exponential terms e-2t  

and e-t, which indicates y(t) approaches zero for large 

time (stable system). 
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 Another useful feature of Laplace transform: 

We know that the system is unstable and has a transient  

response involving  e2t and  e-t. e2t is unbounded for large 

time.  We shall use this concept later in the analysis of 

feedback system stability. 
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 However, if for example:  
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 Solving ODE by Laplace Transform 

 

Chapter 2 Laplace Transforms 

Chapter 2 Mathematical Modeling of Chemical Processes 

 Solving ODE by Laplace Transform 

Example. Solve the following ODE: 
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 Solving ODE by Laplace Transform 

3 2

3 2
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Example. Solve the following ODE: 
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 Solving ODE by Laplace Transform 

Using partial fraction decomposition: 

Multiply by s, set s = 0 

For a2, multiply by (s+1), set s=-1 (same procedure for a3, 

a4): 
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Chapter 2 Mathematical Modeling of Chemical Processes 

 Solving ODE by Laplace Transform 

Thus: 

 Exercise. Resolve the dynamic system examples in topic II using 

Laplace Transform. Linearize the nonlinear ODE. 
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