
PARTIAL FRACTIONS

The goal of the section is to integrate rational functions (a ratio of polynomials), by expressing

it as a sum of simpler fractions, called partial fractions, that we already know how to integrate.

Example.

3x− 1

x2 − 2x− 3
=

1

x + 1
+

2

x− 3

Then ∫
3x− 1

x2 − 2x− 3
dx =

∫
1

x + 1
+

2

x− 3
dx

= ln |x + 1|+ 2 ln |x− 3|+ C

This example illustrates that if we know how the rational function splits as a sum of sim-

pler functions, we can compute its integral fairly easily. This method is called partial fraction

method, and we want do see how the method of partial fractions work in general.

Let

f(x) =
P (x)

Q(x)

be a rational function, that is, P (x) and Q(x) are polynomials.

Definition 1. f(x) is called proper if the degree of P (x) is less than the degree of Q(x).

If f(x) is a proper, then it is possible to express f as a sum of simpler fractions. If f(x) is

not proper (called improper), then we can use long division to to rewrite

f(x) =
P (x)

Q(x)
= S(x) +

R(x)

Q(x)

where S(x) is the quotient of the division and R(x) is the remainder.

Exercise 1. Find ∫
x3 + x

x− 1
dx

Since the rational fraction is improper, use long division to rewrite the fraction as a sum of

a polynomial and a proper fraction. The basic integral identity we will need regularly for this

section is

Example. ∫
1

ax + b
dx =

1

a
ln |ax + b|+ C ; a 6= 0

We can prove this identity by using the substitution u = ax + b.
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For example, ∫
3

4x− 1
dx =

3

4
ln |4x− 1|+ C

Now given a proper fraction
R(x)

Q(x)
, we want to express it as a sum of simple fractions. The

first step in this process is to factor Q(x), and how it splits up depends on the factors of Q.

There are 4 seperate cases:

Case 1 When Q(x) is a product of distinct linear factors

If,

f(x) =
x− 1

x(x + 1)(2x− 1)

=
A

x
+

B

x + 1
+

C

2x− 1

where A, B and C are constants which can be determined as explained in class.

Exercise 2. Find ∫
x− 4

x3 − 5x2 + 6x
dx



PARTIAL FRACTIONS 3

Case 2 When Q(x) is a product of linear factors, some of which are repreated.

f(x) =
x2 − x + 1

x2(x− 1)3

=
A

x
+

B

x2
+

C

(x− 1)
+

D

(x− 1)2
+

E

(x− 1)3

A, B, C, D and E are constants that need to be determined. The factor x − 1 occurs three

times in the denominator. We accont for that by forming fractions containing increasing powers

of this factor in the denominator. We do the same thing for x, which occurs twice.

Exercise 3. Evaluate ∫
3x2 − 4x + 2

x3 − 2x2 + x
dx
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Before we discuss the next two cases, we need the following definition,

Definition 2. A degree 2 polynomial f(x) = ax2 + bx + c is called irreducible if b2 − 4ac < 0.

Another integral that we need to be familiar with is of the following type:

Exercise 4. Show that ∫
x− 2

x2 + 9
dx =

1

2
ln |x2 + 9| − 2

3
arctan

(x
3

)
To solve this integral, we can rewrite it as∫

x− 2

x2 + 9
dx =

∫
x

x2 + 9
dx−

∫
2

x2 + 9
dx

Then first integral can be solved using substitution u = x2 + 9. The second integral can be

solved by remembering that∫
1

x2 + a2
dx =

1

a
arctan

(x
a

)
+ C ; a 6= 0

Case 3: Q(x) contains irreducible quadratic factor, none of which are repeated

f(x) =
x

(x− 2)(x2 + 4)(3x2 + 1)

=
A

(x− 2)
+

Bx + C

x2 + 4
+

Dx + E

3x2 + 1

A, B, C, D and E are constants that need to be determined.

Exercise 5. Evaluate ∫
2x3 − x2 + 5x + 2

x4 + 5x2 + 4
dx
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Case 4: Q(x) contains a repeated irreducible quadratic factor

f(x) =
x2

(x− 2)(x2 + 4)2

=
A

(x− 2)
+

Bx + C

x2 + 4
+

Dx + E

(x2 + 4)2

A, B, C, D and E are constants that need to be determined.

The factor (x2+4) occurs twice in the denominator. We account for that by forming fractions

containing increasing powers of this factor in the denominator.

Exercise 6. Evaluate ∫
x4 + 1

x(x2 + 1)2
dx

Exercise 7. ∫
x2 − 2x− 1

(x− 1)2(x2 + 1)
dx

Exercise 8. Find ∫
(x4 − x3 + 11x2 − 11x + 10)

(x− 1)(x2 + 9)

Note that the rational function is not proper.


























