








Math 3321 – Lecture 15 notes  

 

 

 

 

 

 

 

 

 

 

  



And  

 

 

In general: 

 

If y, y′, y′′,..., y(n−1)
 are of exponential order λ  , then  exists for s > λ  and 

  

 

  



Using inverse Laplace Transforms to solve initial value problems: 

Example:  y′ + 2y = 3ex , y(0) = 4   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  





Find the Laplace transform of the solution of the initial-value problem:
y′′ − y′ − 2y = sin(2x), y(0) = 1, y′(0) = 2.  Then find the solution of the problem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  





Sections 4.4-4.5. Discontinuous Functions 

Def. Let the function f = f (x) be defined on an interval I and continuous except at a 
point c ∈I .   

If lim
x→c−

f (x) and lim
x→c+

f (x) exist but lim
x→c−

f (x) ≠ lim
x→c+

f (x)  then f is said to have jump 

discontinuity at c. 

Def. A function f defined on an interval I is piecewise continuous on I if it is continuous 
on I except for at most a finite number of points c1, c2, ..., cn of I at which it has jump 

discontinuities. 

Theorem: If the function f is piecewise continuous on [0, ∞), and of exponential order λ, 
then the Laplace transform  exists for s > λ. 

  



Unit Step Functions: 
 

The Heaviside function:  u(x) =
0 x < 0

1 x ≥ 0






  

 

 
 
  



Unit Step Functions: 
 

Let c > 0, The function uc (x) = u(x − c) =
0 x < c

1 x ≥ c






 is called a unit step function. 

 
 
 
  



Laplace Transform of a unit step function:    

 
Translation of a function:  If f is defined on [0, ∞) and c > 0, then the function 

f (x − c)u(x − c) =
0 x < c

f (x − c)u(x − c) x ≥ c






is a translation of f.  

 

              
 
Laplace Transform of a Translated Function:  Suppose that .  Then, 
for any positive number c: 

1.   

2.    



Examples:  
1.  Express f in terms of a step function: 
 

a.  f (x) = 2x 0 ≤ x < 3
0 x ≥ 3





  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







b.  f (x) =
1 0 ≤ x < 2

x − 2 2 ≤ x < 4

e−(x−4) x ≥ 4









 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  







2.  Given F(s), find f(x): 
 

a.  F(s) = 1+ e−π x

s2 +1   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  





b.  F(s) = e−2 s

s(s +1)   

 
 
 
 
 
 
 
 
 
 




