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1 Purpose
The objectives of this article are to:

1. explain what partial fractions are;

2. demonstrate how to find partial fractions using built-in TI-Nspire CAS functions;

3. demonstrate how to find partial fractions step-by-step with TI-Nspire CAS.

2 Definitions
Before jumping right in, a few basic definitions are necessary.

2.1 Rational Fractions
A rational fraction is a fraction consisting of a polynomial in the numerator and a
polynomial in the denominator: r f rac = P(x)

Q(x) . An example is 1
x . Another example is

x
(x+1)2 .

2.2 Rational Functions
A rational function is a function whose body (definition) is a rational fraction. A ratio-
nal function is defined as f (x) = P(x)

Q(x) An example is f (x) = x
(x+1)2 .

2.3 Proper Fractions
A proper fraction is a fraction with the degree of the numerator less than the degree
of the denominator. (The degree of a polynomial is the highest power of the variable
in the polynomial, usually x.) The rational fraction 1

x is a proper fraction since the
degree of the numerator is 0 (1 · x0) and the degree of the denominator is 1(1 · x1). The
rational fraction x

(x+1)2 is also a proper fraction since the degree of the numerator is 1

and the degree of the denominator is 2. However, x2+1
(x+2)2 is not a proper fraction since

the degree of the numerator (2) is equal to the degree of the denominator (2). Nor is
the fraction x3

(x+1)2 since the degree of the numerator (3) is greater than the degree of
the denominator (2).

2.4 Partial Fractions
Suppose the rational fractions, 1

x and 2
x+1 are added together: 1

x +
2

x+1 . The result is
3x+1
x2+x ; that is, 1

x +
2

x+1 = 3x+1
x2+x . The two simpler fractions that were added together to

obtain 3x+1
x2+x are called partial fractions of the result.
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2.5 Partial Fraction Decomposition
Partial fraction decomposition is the process of breaking a complicated rational fraction
into the sum of simpler rational fractions. Partial fraction decomposition ”undoes”, or
reverses, the summation of the simpler fractions. The partial fraction decomposition of
3x+1
x2+x yields the two fractions 1

x and 2
x+1 .

3 Purpose of Partial Fraction Decomposition
One of the primary uses of partial fraction decomposition is evaluating integrals of
rational functions and rational expressions. Integrating complex rational functions is
difficult, whereas integrating simple rational functions is usually manageable. For ex-
ample, evaluating the sum of the integrals of the partial fractions

∫ 1
x dx+

∫ 2
x+1 dx is

much easier than evaluating
∫ 3x+1

x2+x dx.

4 TI-Nspire Functions for Partial Fractions
4.0.1 Combining Fractions

Here is how fractions are added together in TI-Nspire:

The function comDenom() combines the two fractions over a common denominator.

4.0.2 Decomposing Rational Fractions

Use the TI-Nspire function expand() to break a fraction down to its partial fractions:

That’s simple enough, but math instructors won’t allow you to just write the answer
- they want you to manually perform partial fraction decomposition. What follows
describes the process.
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5 Steps in Performing Partial Fraction Decomposition
by Hand

There are four steps to follow to accomplish partial fraction decomposition. TI-Nspire
CAS functions can be used to perform some of the arithmetic and algebraic operations
involved in the process. The steps are:

Step 1. Examine the rational fraction to determine if it is a proper fraction. If it is
not, perform long division to convert it to a quotient and remainder. If the remainder
is not a proper fraction, use long division on the remainder. Continue this process until
the final remainder is a proper fraction.

Step 2. Completely factor the denominator of the original rational fraction into ir-
reducible factors and determine the forms for the factors:

a. Simple linear. Factor is ax+b. Form is a1
ax+b .

b. Repeated linear. Factor is (ax+ b)n where n is a positive integer. Form is b1
ax+b +

b2
(ax+b)2 + · · ·+ bn

(ax+b)n .

c. Simple irreducible quadratic. Factor is ax2 +bx+ c. Form is dx+e
ax2+bx+c .

d. Repeated irreducible quadratic. Factor is (ax2 + bx + c)n. Form is d1x+e1
ax2+bx+c +

d2x+e2
(ax2+bx+c)2 + · · ·+ dnx+en

(ax2+bx+c)n where n is a positive integer.

Step 3. Form an equation where the left-hand side (lhs) is the original rational fraction
and the right-hand side is a sum of the forms from step 2.

Step4. Use the equation from step 3 to determine the constants a1,b1,b2, ...,bn,d, ... :

a. Clear denominators by multiplying both sides of the equation by the denomina-
tor of the left-hand side.

b. Collect like terms in the right-hand sides of the equation.

c. Form a system of equations by equating the coefficients of the left-hand and right-
hand sides of the equation.

d. Solve the system of equations to find the values of the constants.

e. Replace the constants in the forms with their values, resulting in the partial fractions.

Admittedly, this is an involved process, requiring quite a few algebraic operations.
However, letting TI-Nspire CAS perform some of the algebra reduces the effort re-
quired. Working a few examples makes the process easier to understand.

5



6 Examples
Following are examples of decomposing rational fractions with TI-Nspire CAS for
each of the four types of factors described in the above paragraph.

6.1 Example 1 - A Rational Fraction with A Simple Linear Factor
Find the partial fraction decomposition of the rational fraction 3x+1

x2+x .

Step 1: Determine whether the rational fraction is proper: the degree of the numer-
ator is 1 and the degree of the denominator is 2, so the rational fraction is a proper
fraction.

Step 2: factor the denominator and determine the forms for the partial fractions:

Define the rational fraction in a calculator application:

For this rational fraction, TI-Nspire CAS has already factored the denominator. The
factors are x and x+ 1, which are both simple linear factors. The forms for the two
factors are a

x and b
x+1 .

Step 3: Using the original rational fraction and the sum of the forms for the partial
fractions, write an equation for the decomposition:

Step 4. Determine the values of the constants a and b:

a. Multiply both sides of the equation by the denominator of the left-hand side:

b. Collect like terms in the right-hand side: TI-Nspire CAS did this automatically,
saving some work!

c. Form a system of equations by equating the coefficients of the left-hand side and
the right-hand side:
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d. Solve the system of equations to find the values of the constants: for this system
it is clear that a equals 1, so b = 3−a = 3−1 = 2. Most systems of equations will not
be this easy to solve, so here’s how to solve the system with TI-Nspire CAS:

e. Replace the constants in the forms with their values:

This step can be done manually or by using TI-Nspire CAS’s constraint operator (|)
to substitute the values for the constants:

Use TI-Nspire CAS to check that the sum of the partial fractions equals the original
rational fraction:

The technique used for this simple example is the same technique used when perform-
ing partial fraction decomposition by hand as well as for more complex problems.

6.2 Example 2 - A Rational Fraction with Repeated Linear Factors
Let’s now apply the steps to a more complicated rational fraction, 3x+2

4x3+20x2+25x :

Step 1. The degree of the numerator is 1 and the degree of the denominator is 3,
so the rational fraction is proper.

Step 2. Factor the denominator and determine the forms for the factors:
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Notice that TI-Nspire CAS partly factors the denominator by factoring out the x. How-
ever, the denominator needs to be completely factored, so TI-Nspire CAS’s factor()
function is used.

Examining the factors reveals that there is a single simple linear factor, x and a re-
peated linear factor, (2x+5)2 = (2x+5)(2x+5). The forms for the factors are a

x ,
b

2x+5
and c

(2x+5)2 .

Step 3. The left-hand side of the equality is the original rational function and the
right-hand side of the equation is the sum of the forms of the partial fractions:

Step 4. Find the values of the constants a,b,c by clearing the denominators, collecting
like terms, equating coefficients to form a system of equations, and solving the system
for the values of the constants:

Notice that there are only two coefficients for the left-hand side of the equation but
three coefficients for the right-hand side. This is because the left-hand side does not
have an x2 term but the right-hand side does. Thus we need to add 0 · x2 term (a co-
efficient of 0) to the left-hand side so we can equate coefficients. Use the TI-Nspire
CAS augment() function to join a list containing the zero coefficient and the list of
left-hand side coefficients:
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Now form a system of equations by equating coefficients and solve the system:

Finally, substitute the values of the constants a,b,c in the right-hand side of the equa-
tion to find the partial fractions, then check to see if the original rational fraction and
the sum of the partial fractions are equal:

6.3 Example 3 - A Rational Fraction with an Irreducible Quadratic
Factor

Find the partial fraction decomposition of x2+2x−1
x3+x2+2x+2 .

Step 1. The rational fraction is already a proper fraction.

Step 2. Determine the forms for the partial fractions:

There is one simple linear factor, x+ 1, and one irreducible quadratic factor, x2 + 2.
The forms are a

x+1 and bx+c
x2+1 .

Step 3. Form an equation:
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Step 4. Find the values of the constants a,b,c:

Use the values of the constants to find the partial fractions, then check to see if the
original rational fraction and the sum of the partial fractions are equal:

6.4 Example 4 - A Rational Fraction with Repeated Quadratic Fac-
tors

Step 1. The rational fraction is already a proper fraction.

Step 2. Determine the forms for the partial fractions:
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There is one simple linear factor, x, and one repeated quadratic factor, (x2 + 1)2. The
forms are a

x ,
bx+c
x2+1 , and dx+e

(x2+1)2 .

Step 3. Form an equation:

Step 4. Find the values of the constants a,b,c,d,e:

Use the values of the constants to find the partial fractions, then check to see if the
original rational fraction and the sum of the partial fractions are equal:

6.5 Example 5 - Decomposing an Improper Rational Fraction

Suppose you are required to find the partial fraction decomposition of 2x4+5x−2
x2−4 :
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Since the degree of the numerator is 4 and the degree of the denominator is 2, this
rational fraction is improper. Before applying steps 2 through 4, the fraction must first
be converted using long division. Use the TI-Nspire CAS functions polyQuotient()
and polyRemainder() to obtain the results of manually performing long division:

The equation after performing long division is 2x4+5x−2
x2−4 = 2x2 +8+ 5(x+6)

x2−4 . The right-
hand side of this equation contains another rational fraction which is a proper fraction.
This proper fraction must now be decomposed and the result added to 2x2 +8:

Examination of the expanded equation reveals that the equated coefficients are a+b =
5 and 2a−2b = 30. Solving this system for a and b, adding the partial fractions for the
remainder term to 2x2+8, and substituting the values of a and b results in the complete
partial fraction decomposition of the original rational fraction:
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7 Conclusion
As demonstrated with the examples, any rational fraction can be decomposed into par-
tial fractions by following the four steps outlined above. The key is determining the
factors of the denominator and setting up the forms for the partial fractions. The pri-
mary difficulty is the algebraic operations involved in the technique. Using TI-Nspire
CAS to perform the algebra reduces the work required and helps avoid common errors.
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