
7.3 Translation and Partial Fractions  

Recall in the examples of Section 7.2, the solution of a linear differential equation can be reduced to finding the 
inverse Laplace transform of a function  

where the degree of  is less than . 

Question 1: How to decompose ? 

The following two rules describe the partial fraction decomposition of ,  in terms of the factorization of the 
denominator  into linear factors (rule 1) and irreducible quadratic factors (rule 2).

 

Rule 1.  Linear Factor Partial Fractions

The portion of the partial fraction decomposition of  corresponding to the linear factor  of 
multiplicity  is a sum of  partial fractions, having the form

where ,  and  are constants.

 

Rule 2. Quadratic Factor Partial fractions

The portion of the partial fraction decomposition corresponding to the irreducible quadratic factor 
 of multiplicity  is a sum of  partial fractions, having the form

where ,  and  are constants.

 

 

 

 

 

 

 



Question 2: How to find  if  ?

 

Theorem 1. Translation on the s-Axis

If  exists for , then  exists for , and 

Equivalently,

Thus the translation  in the transform corresponds to multiplication of the orginal function of  by 

 

Proof : 

We apply the translation theorem to the formulas for the Laplace transforms of ,  and , we have

 

 

 

 

 

 

 



 

Example 1 Apply the translation theorem to find the Laplace transforms of the functions.

(1) 

(2) 

 

 

 

 

 

 

 

 

 

 

 

Example 2 Apply the translation theorem to find the inverse Laplace transform of the function.

 

 

 

 

 

 

 

 

 

 

 

We can also check Table 1 to get the solution
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Example 4 Use partial fractions to find the inverse Laplace transforms of the functions.

(1)  

(2) 
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Example 5 Use Laplace transforms to solve the initial value problem.
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