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Mastering the Art of Multiplying and Dividing Rational Expressions in
Algebra 2

When you first encounter rational expressions in Algebra 2, the idea of multiplying and dividing them can feel
intimidating. Yet, these operations are fundamental to solving higher level equations, simplifying algebraic fractions,
and even tackling calculus concepts later on. This guide will walk you through every step—starting from the basics,
moving through common pitfalls, and ending with practice problems that reinforce your learning. By the end, you'll
approach rational expressions with confidence and clarity.

What Exactly Is a Rational Expression?
A rational expression is simply a fraction where both the numerator and the denominator are polynomials. Think of
it as a more complex version of a fraction like 3/4, but instead of numbers, you have algebraic terms. For example:

e (X2+5x+6)/(x+2)
e (2x3-3x)/ (x2-1)

Because the denominator cannot be zero, rational expressions introduce restrictions on the values that variables
can take. Understanding these restrictions early on helps avoid mistakes later.

Why Multiplication and Division Are So Important

Multiplying and dividing rational expressions allow you to:

¢ Combine fractions into a single expression, simplifying the overall problem.

< Eliminate denominators when solving equations, turning a complex equation into a simpler polynomial one.
« Analyze limits and asymptotes in algebraic functions, a stepping stone toward calculus.

¢ Understand the behavior of rational functions, such as where they cross the x axis or become undefined.

Mastering these operations is therefore essential for success not only in Algebra 2 but also in any advanced
mathematics you encounter.

Step by Step Guide to Multiplying Rational Expressions

1. Factor Each Polynomial Completely

Before you multiply, factor every numerator and denominator as much as possible. This step is crucial because it
reveals common factors that can be canceled later, simplifying the expression.

Example:
(x2-9)/ (x + 3) can be factored as ((x - 3)(x + 3)) / (x + 3).

2. Multiply Numerators Together

When you multiply two rational expressions, you multiply the numerators together and the denominators together:

e Expression 1: (A/B)



» Expression 2: (C/D)
e Result: (A x C)/ (B x D)

For example, multiplying (x + 2)/(x - 1) by (x2 - 4)/(x + 2) gives:
(x+2) x (x2-4)) [ ((x-1) x (x +2))

3. Simplify by Cancelling Common Factors

After multiplication, look for any factors that appear in both the numerator and the denominator. Cancel them out,
but remember to note any restrictions on variable values.

Continuing the example above:

Both the numerator and the denominator contain (x + 2), so we cancel it:
x2-4)/(x-1)

Since (x + 2) was cancelled, we must add the restriction x " -2 to the domain.

4. Verify the Domain

After simplification, double check the denominators of the original expressions. Any value that makes a denominator
zero must be excluded from the solution set.

In our example, the original denominators were (x - 1) and (X + 2), so the domain excludes x =1 and x = -2.

5. Write the Final Simplified Expression

Combine your simplified numerator and denominator, and include any domain restrictions. The final answer for our
example is:

Result: (x2-4)/(x- 1) withx ™ 1, x" -2.

Step by Step Guide to Dividing Rational Expressions

1. Rewrite the Division as Multiplication by the Reciprocal

Dividing by a fraction is the same as multiplying by its reciprocal. For instance, to divide (A/B) by (C/D), rewrite it as:
(A/B) x (D/C)

2. Apply the Multiplication Rules

Now treat the new expression as a multiplication problem. Multiply the numerators and denominators accordingly:
e Numerator: A x D
e Denominator: B x C

3. Factor and Cancel Common Terms

Just like with multiplication, factor all components and cancel any common factors between the new numerator and
denominator.

4. Check for Restrictions

Remember that you cannot divide by zero. Any value that makes the denominator of the divisor (the fraction you
are dividing by) zero is also a restriction in the final expression.

5. Present the Simplified Result



After simplifying, write the final expression and list all domain restrictions.

Concrete Example
Divide (x2 - 9)/(x + 3) by (x - 3)/(x2 + 6x + 9).
1. Rewrite as multiplication:
(X2-9)/(x+3) x (x2+6x +9)/(x-3)
1. Factor everything:
[(x-3)(x+3)]/(x+3)x[(x+3)]/(x-3)
1. Cancel common factors:

Cancel (x + 3) in the first fraction’s numerator and denominator, and cancel (x - 3) in the second fraction’s
denominator with the first fraction’s denominator:

Resulting expression:
(x+3)/1orsimply x + 3.
1. Domain restrictions:
From the original denominators, exclude x = -3 (makes x + 3 = 0) and x = 3 (makes x - 3 =0).

Final answer: x + 3 with x " -3, x " 3.

Common Pitfalls and How to Avoid Them

e Forgetting to Factor Completely: Skipping a factor can lead to missed cancellations and a more complicated
final expression.

e Overlooking Domain Restrictions: A simplified expression might look valid for all real numbers, but the original
denominators restrict certain values.

¢ Mismanaging Negative Signs: Negatives can easily slip into the wrong part of the expression; always
double check.

 Incorrect Reciprocal: When dividing, ensure you correctly flip the numerator and denominator of the divisor.

¢ Canceling Non Common Factors: Only cancel terms that appear in both the numerator and the denominator.

Practice Problems with Step by Step Solutions
Problem 1: Multiply
(x2-4)/(x+2) x (x+2)[(x2+ 3x + 2)
Solution:
1. Factor everything:

X2-4=(x-2)(x+2)
2. X2+3x+2=(x+1)(x+2)

[(x-2)(x+2)] x (x+2) [[(x +2) x (x + 1)(x + 2)]
Cancel one (x + 2) from numerator and denominator:

(x-2)(x+2) /[(x + 1)(x + 2)]



Cancel the remaining (X + 2):
(x-2)/(x+1)
Exclude x = -2 and x = -1.
Result: (x - 2)/(x + 1) with x " -2, x " -1.
Problem 2: Divide
(X2 +5x +6)/(Xx +3) + (X + 2)/(x2 + 4x + 4)
Solution:

e X2+5x+6=(X+2)(x+3)

e X2+4AX+4=(Xx+2)?

[(x+2)(x +3)] x (x +2)*/ [(x + 3)(x + 2)]
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