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Multiplication Of Rational Algebraic Expressions

Mastering the Multiplication Of Rational Algebraic Expressions

Algebra often feels like a puzzle, but few pieces of that puzzle are as logical and satisfying as working with rational
expressions. If you have ever wondered how to simplify complex fractions or multiply terms that involve variables in
the denominator, you are in the right place. The multiplication of rational algebraic expressions is a cornerstone skill
in intermediate algebra and beyond. It is not just about passing a test; it is about developing a systematic way to
handle fractions that contain variables.

At first glance, multiplying rational expressions might look intimidating. You might see a problem like (x² – 9)/(x + 2)
multiplied by (x² – 4)/(x – 3) and feel your stomach drop. However, once you understand that the process is almost
identical to multiplying numerical fractions, the fear begins to fade. The key difference? You are now working with
polynomials, which means factoring becomes your best friend.

What Exactly Are Rational Algebraic Expressions?

Before diving into multiplication, let us establish a clear definition. A rational algebraic expression is simply a fraction
where the numerator and the denominator are both polynomials. For example, 3/x, (x² + 5x + 6)/(x – 1), and (4y –
8)/(y² – 16) are all rational expressions.

The only rule is that the denominator cannot be zero. This creates a set of restrictions, often called the domain. When
you multiply these expressions, you must keep those restrictions in mind, though the core computation remains
straightforward.



The Core Principle: Multiplication of Fractions

Remember the golden rule for multiplying numerical fractions? You multiply straight across. The numerator times the
numerator, and the denominator times the denominator. The exact same rule applies here.

If you have two rational expressions, A/B and C/D, their product is simply (A × C) / (B × D). That is the simple rule.
The real work comes before and after this multiplication: simplifying by canceling common factors.

Why Canceling Early Makes Life Easier

When working with the multiplication of rational algebraic expressions, the most efficient strategy is not to multiply
everything out  immediately.  Instead,  you should  factor  first  and cancel  common factors  before  performing the
multiplication. This approach reduces large numbers and complicated polynomials into manageable pieces.

Think of it like this: if you were multiplying 6/10 by 5/9, you would not multiply to get 30/90 and then simplify. You
would notice that 6 and 9 share a factor of 3, and 10 and 5 share a factor of 5. Cancel those first, and you end up with
2/2 × 1/3, which equals 1/3. The same logic applies to rational expressions, just with variables and exponents.

Step-by-Step Guide to Multiplying Rational Expressions

Let us break this down into a clear, repeatable process. Follow these steps every time, and you will rarely make a
mistake.

Step 1: Factor Everything Completely

This is the most important step. Look at every numerator and every denominator. Factor out the greatest common
factor first. Then look for differences of squares, perfect square trinomials, or simple trinomials that can be factored
into two binomials.

For example, consider the expression (x² – 25)/(x² + 6x + 9). The numerator factors to (x – 5)(x + 5), and the
denominator factors to (x + 3)(x + 3) or (x + 3)². Without factoring, you cannot see what might cancel.
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Step 2: Identify Restrictions (Domain)

Before you cancel anything, note which values of the variable would make any denominator zero. These values are
excluded from the domain of the expression. In the multiplication of rational algebraic expressions, you must exclude
any value that makes any original denominator zero, not just the final denominator.

Step 3: Cancel Common Factors

Look for factors that appear in both a numerator and a denominator. You can cancel a factor from any numerator with
a matching factor from any denominator, even if they are in different fractions. This is because multiplication is
commutative and associative.

For instance, if you have (x + 2)/(x – 4) multiplied by (x – 4)/(x + 5), you can cancel the (x – 4) factor from the first
denominator with the (x – 4) factor from the second numerator. This leaves you with (x + 2)/(1) × 1/(x + 5), which
simplifies to (x + 2)/(x + 5).

Step 4: Multiply the Remaining Factors

After  canceling,  multiply  the  remaining  factors  in  the  numerators  together  and  the  remaining  factors  in  the
denominators together. Write the result as a single simplified rational expression.

Step 5: Verify Your Domain

Finally, ensure that your simplified expression reflects the same restrictions as the original problem. Sometimes a
factor that cancels still represents a value that is not allowed in the original expression.

Worked Examples: Multiplication Of Rational Algebraic Expressions in
Action

Let us walk through several examples to solidify the process.



Example 1: Simple Binomials

Simplify:

(x + 3)/(x – 2) × (x – 2)/(x + 5)

Step 1: Factor. Here, everything is already factored.

Step 2: Restrictions: x ≠ 2, x ≠ -5.

Step 3: Cancel the common factor (x – 2) from the first denominator and the second numerator.

Step 4: Multiply: (x + 3)/(1) × 1/(x + 5) = (x + 3)/(x + 5).

Step 5: Domain: x ≠ -5. Note that x ≠ 2 is still implied by the original problem, but the simplified expression does not
show it. You must note this restriction based on the original problem.

Example 2: Factoring Required

Simplify:

(x² – 4)/(x² + 3x) × (x² + x)/(x² – 5x + 6)

Step 1: Factor every polynomial.

x² – 4 = (x – 2)(x + 2)
x² + 3x = x(x + 3)
x² + x = x(x + 1)
x² – 5x + 6 = (x – 2)(x – 3)

Rewrite the expression:

[(x – 2)(x + 2)] / [x(x + 3)] × [x(x + 1)] / [(x – 2)(x – 3)]
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Step 2: Restrictions: x ≠ 0, x ≠ -3, x ≠ 2, x ≠ 3.

Step 3: Cancel common factors. Notice (x – 2) appears in a numerator and a denominator. Cancel them. Also, x
appears in a denominator and a numerator. Cancel them.

Step 4: Multiply the remaining factors:

Numerator: (x + 2)(x + 1)
Denominator: (x + 3)(x – 3)

Final simplified expression: [(x + 2)(x + 1)] / [(x + 3)(x – 3)]

Example 3: Polynomials with Leading Coefficients

Simplify:

(2x² + 5x + 2)/(3x² – 12) × (x² – 4)/(2x² – x – 1)

Step 1: Factor each polynomial.

2x² + 5x + 2 = (2x + 1)(x + 2)
3x² – 12 = 3(x² – 4) = 3(x – 2)(x + 2)
x² – 4 = (x – 2)(x + 2)
2x² – x – 1 = (2x + 1)(x – 1)

Rewrite the expression:

[(2x + 1)(x + 2)] / [3(x – 2)(x + 2)] × [(x – 2)(x + 2)] / [(2x + 1)(x – 1)]

Step 2: Restrictions: x ≠ 2, x ≠ -2, x ≠ 1. Also, x cannot be -1/2 from the factor (2x+1) in the denominator of the
second fraction.

Step 3: Cancel common factors. The factor (2x + 1) appears in the first numerator and the second denominator.



Cancel them. The factor (x + 2) appears in the first numerator and the first denominator. Cancel one pair. Also, (x –
2) appears in the first denominator and the second numerator. Cancel them. Finally, another (x + 2) appears in the
second numerator and the first denominator. Cancel the last pair.

After canceling, we are left with:

Numerator: 1
Denominator: 3(x – 1)

Final simplified expression: 1 / [3(x – 1)]

Notice how extensive factoring made the cancellation extremely clean.

Common Mistakes to Avoid

Even experienced students make errors. Here are the most frequent pitfalls in the multiplication of rational algebraic
expressions.

Mistake 1: Canceling Terms Instead of Factors

You can only cancel factors, not terms. A factor is something being multiplied, while a term
is something being added or subtracted. For example, in the expression (x + 3)/(x + 5), you
cannot cancel the x or the 3 and 5. The x+3 is a single term in the numerator, and x+5 is a
single term in the denominator. They are not factors unless the entire numerator and
denominator are written as products.

Mistake 2: Forgetting to Factor Completely

Partial factoring often hides common factors. If you factor x² – 9 as (x² – 9)
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instead of (x – 3)(x + 3), you might miss a cancellation with another (x – 3)
factor in a different part of the expression.

Mistake 3: Ignoring Domain Restrictions

When you cancel  a  factor,  you remove it  from the expression.
However, the original expression was undefined for any value that
made that factor zero. You must still exclude those values from the
domain of the simplified expression.

Why This Skill Matters Beyond the
Classroom

The multiplication of rational algebraic expressions is not just an
abstract exercise. It appears in many practical contexts.

Physics and Engineering

Many  formulas  in  physics  involve  rational  expressions.  For



example,  electrical  resistance  in  parallel  circuits  is  calculated
using 1/R_total = 1/R1 + 1/R2


