
Review on Calculus

Partial Fraction Decomposition

• In control systems analysis, F(s), usually occurs in the form 𝐹 𝑠 =
𝐴(𝑠)

𝐵(𝑠)
, where 

A(s) and B(s) are polynomials

For example,
2𝑠 + 5

𝑠2 + 3𝑠 + 2
=

3

𝑠 + 1
−

1

𝑠 + 2

• There are 4 types of partial fraction decomposition

(1) Non-repeated linear factors in denominator
𝐹(𝑠)

𝑠 + 𝑎 𝑠 + 𝑏 𝑠 + 𝑐
=

𝐴

𝑠 + 𝑎
+

𝐵

𝑠 + 𝑏
+

𝐶

𝑠 + 𝑐

(2) Repeated linear factor in denominator
𝐹(𝑠)

(𝑠 + 𝑎)𝑛
=

𝐴

𝑠 + 𝑎 𝑛
+⋯+

𝑋

𝑠 + 𝑎 2
+

𝑌

𝑠 + 𝑎
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(3) Non-repeated quadratic factors in denominator

𝐹(𝑠)

𝑠2 + 𝑎𝑠 + 𝑏 𝑠2 + 𝑐𝑠 + 𝑑
=

𝐴𝑠 + 𝐵

𝑠2 + 𝑎𝑠 + 𝑏
+

𝐶𝑠 + 𝐷

𝑠2 + 𝑐𝑠 + 𝑑

(4) Repeated quadratic factor in denominator

𝐹(𝑠)

(𝑠2 + 𝑎𝑠 + 𝑏)𝑛
=

𝐴𝑠 + 𝐵

𝑠2 + 𝑎𝑠 + 𝑏 𝑛
+⋯+

𝑊𝑠 + 𝑋

𝑠2 + 𝑎𝑠 + 𝑏 2
+

𝑌𝑠 + 𝑍

𝑠2 + 𝑎𝑠 + 𝑏
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Example 2
Find the partial fraction of 

1

𝑠2 − 9

Answer:

Write 
1

𝑠2 − 9
=

𝐴

𝑠 + 3
+

𝐵

𝑠 − 3
=
𝐴 𝑠 − 3 + 𝐵(𝑠 + 3)

𝑠2 − 9
So that

𝐴 𝑠 − 3 + 𝐵 𝑠 + 3 = 1

Put s = 3, and s = −3 respectively on both sides of the above equality. We 
have, 

𝐴 3 − 3 + 𝐵 3 + 3 = 1 ⇒ 𝐵 =
1

6

𝐴 −3 − 3 + 𝐵 −3 + 3 = 1 ⇒ 𝐴 = −
1

6

∴
1

𝑠2 − 9
= −

1

6

1

𝑠 + 3
+
1

6

1

𝑠 − 3
3

𝑠 =
0 ± 02 − 4(1)(−9)

2(1)
= ±3



Example 3
Find the partial fraction of 

Answer:

Write 

4

1

𝑠 𝑠 + 2
.

1

𝑠 𝑠 + 2
=
𝐴

𝑠
+

𝐵

𝑠 + 2
=
𝐴 𝑠 + 2 + 𝐵𝑠

𝑠(𝑠 + 2)

𝐴(𝑠 + 2) + 𝐵𝑠 = 1

𝑠 = −2, −2𝐵 = 1

𝑠 = 0, 2𝐴 = 1 ⇒ 𝐴 =
1

2

⇒ 𝐵 = −
1

2

∴
1

𝑠 𝑠 + 2
=
1

2

1

𝑠
−
1

2

1

𝑠 + 2


