
Lecture (9): The Laplace transform 
Reference: Boyce and DiPrima, Chapter 6 

The Laplace transform is most useful for solving linear, constant-coefficient 

ode’s when the inhomogeneous term or its derivative is discontinuous. Although 

ode’s with discontinuous inhomogeneous terms can also be solved by adopting 

already learned methods, we will see that the Laplace transform technique provides 

a simpler, more elegant solution. 

4.1 Definitions and properties of the forward 

and inverse Laplace transforms 

view tutorial 

The main idea is to Laplace transform the constant-coefficient differential equation 

for 𝑥(𝑡) into a simpler algebraic equation for the Laplace-transformed function 

𝑋(𝑠), solve this algebraic equation, and then transform 𝑋(𝑠) back into 

𝑥(𝑡). The correct definition of the Laplace transform and the properties that 

this transform satisfies makes this solution method possible. 

An exponential ansatz is used in solving homogeneous constant-coefficient 

odes, and the exponential function correspondingly plays a key role in defining 

the Laplace transform. The Laplace transform of 𝑓(𝑡), denoted by 𝐹(𝑠) =ℒ{𝑓(𝑡)}, is 

defined by the integral transform 

 
 

The improper integral given by (4.1) diverges if 𝑓(𝑡)grows faster than 𝑒𝑠𝑡 for 

large t. Accordingly, some restriction on the range of s may be required to 

guarantee convergence of (4.1), and we will assume without further elaboration 

that these restrictions are always satisfied. 

The Laplace transform is a linear transformation. We have 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 



 



 

 


