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Algebra 2 often marks
a significant turning
point in a student’s
mathematical journey.
It is where the abstract
becomes practical, and
the rules of arithmetic
are extended to more
complex structures.
Among the most
critical skills developed

in this course is the
ability to work with
rational expressions. At
first glance,
expressions like (x? +
5X + 6) / (x2 - 4) might
look intimidating, but
they follow the same
logical rules as simple
fractions. Mastering
the art of Algebra 2
multiplying and
dividing rational
expressions is not
just about passing a
test; it is about
building a foundation
for calculus, physics,
and advanced
problem-solving. This
guide will walk you
through the entire
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WHE 8UILDINGaking
down each step into
clear, manageable
pieces.

Think of a rational
expression as a
fraction, but instead of
simple numbers in the
numerator and
denominator, you have
polynomials. Just as
you simplify 6/8 to 3/4,
you can simplify
polynomial fractions.
The core operations of
multiplication and
division are remarkably
intuitive once you
understand the
underlying principle:
factor first, then
cancel common
factors. This article
will demystify the
process, providing you
with the tools and
confidence to tackle
even the most complex
expressions with ease.

BLOCKS: WHAT
ARE RATIONAL

EXPRESSIONS?
Before diving into
multiplication and

division, it is essential
to solidify what a
rational expression
actually is. In the
language of algebra, a
rational expression is
simply a ratio of two
polynomials. The word
"rational" comes from
“ratio," which is a
comparison of two
quantities.

For example, the
expression: 3x / (x + 5)
is a rational
expression. The
numerator is the
polynomial "3x," and
the denominator is the
polynomial "x + 5." A
more complex
example, such as (x? -
9) / (x2 + 6x + 9), is

UNDERSTANDING also a rational
expression.
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The
Golden
Rule: The
Denomin
ator
Cannot
Be Zero

There is one critical
rule that governs all
rational expressions:
the denominator can
never be equal to zero.
In mathematics,
division by zero is
undefined. Therefore,
when we work with
rational expressions,
we must always
consider the domain
of the expression. The
domain includes all
real numbers except

those that make the
denominator equal to
zero.

For instance, in the
expression 5/ (x - 2),
the value x = 2 is
excluded from the
domain because it

would make the
denominator zero.
Identifying these

restrictions is the first
step in accurately
simplifying and solving
equations involving
rational expressions.
This concept will
become especially
important when we
multiply and divide, as
we must ensure our
final answer is valid for
all possible input
values.

THE ESSENTIAL
FIRST STEP:
FACTORING
POLYNOMIALS

If there is one skill that
determines success in



Algebra 2
multiplying and
dividing rational
expressions, it is the
ability to factor
polynomials quickly
and accurately. You
cannot cancel terms;
you cancel factors. This
distinction is the most
common source of
errors for students.

Consider the
expression (x + 3) / (x
+ 3). Many students
want to cross out the
"x" or the "3," but you
can only cancel the
entire common factor,
which is the binomial
(x + 3). Theresultis 1,
provided x # -3. To
identify these common
factors, you must first
rewrite the polynomials
in their factored form.

Common

Factoring
Patterns
to
Rememb
er

To be proficient, you
need to recognize
these patterns
instantly:

e Greatest
Common
Factor (GCF):
The first thing to
check. For
example, 6x? +
9x factors to
3x(2x + 3).

» Difference of
Squares: a2 - b?
= (a-b)@a+b).
For example, x2 -
25 = (x-5)(x +
5).

e Trinomials: x? +
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bx + c factors
into (X + p)(x +
q) where p and q
multiply to c and
add to b. For
example, x? + 7x
+ 12 = (x + 3)(x
+ 4).

* Perfect Square
Trinomials: a +
2ab+ b?2=(a +
b)?2 and a% - 2ab
+ b2 = (a - b)2

these
turns a

Mastering
patterns
complex rational
expression into a
simple product of
binomials, making the
subsequent steps of
multiplication and
division almost trivial.

HOW TO MULTIPLY

RATIONAL
EXPRESSIONS
Multiplying rational

expressions is, in many
ways, easier than
adding or subtracting
them. There is no need

to find a common
denominator. The
process follows the
same logic as
multiplying numerical
fractions: multiply the
numerators together
and multiply the
denominators together.

However, the smartest
approach is not to
multiply the
polynomials out
immediately. The most
efficient method
involves factoring and
canceling before you
multiply. This keeps
the numbers small and
the algebra
manageable.

The Step-
by-Step
Process



for
Multiplic
tion

. Factor
Completely:
Factor every
numerator and
every
denominator.
Look for GCFs,
differences of
squares, and
trinomials.

. State
Restrictions:
Identify any
values of the
variable that
would make any
denominator
zero. This is a
crucial safety

factors in any
numerator and

aenommator
You can cancel
factors that are
the same, even if
they appear in
different
fractions. For
example, a factor
in the numerator
of the first
fraction can
cancel with a
factor in the
denominator of
the second
fraction.

. Multiply

Across: Once all
common factors
have been
canceled,
multiply the
remaining factors
in the numerator

step. to get the final
. Cancel numerator. Do
Common the same for the
Factors: Look denominator.
for identical 5. Simplify: Check
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to see if the
resulting
expression can
be simplified
further.

Example
1: A
Simple
Multiplica
tion

Let’s multiply: (x2 - 4) /
(X+2)*(x+1)/(x-
2)

Step 1: Factor. The
first numerator is a
difference of squares:
(x = 2)(x + 2). The first
denominator is (x + 2).
The second numerator
is (x + 1). The second
denominator is (x - 2).

Step 2: State
Restrictions. x # -2
and x # 2.

Step 3: Cancel. We
see (x + 2) is in the
numerator and
denominator. Cancel
them. We also see (x -
2) in the numerator
and denominator.
Cancel them.

Step 4: Multiply.
After canceling, we are
left with (1 * (x + 1)) /
(1*1)=x+1.
Answer: The product
isx + 1, forx # £2.

HOW TO DIVIDE
RATIONAL
EXPRESSIONS

Division of rational
expressions builds
directly on the skill of
multiplication. The rule
is simple and
memorable: to divide
by a rational
expression, multiply
by its reciprocal. The
reciprocal of a fraction
is just the fraction
flipped upside down.
The same logic applies



whether you are
dividing by a simple
fraction or a complex
rational expression.

The Step-
by-Step
Process
for
Division
1. Rewrite as
Multiplication:
Keep the first
expression
exactly as it is.
Change the
division sign to a
multiplication
sign. Flip the
second

expression (the
divisor) to create

Factor all
numerators and
denominators in
the new
multiplication
problem.

. State

Restrictions:
Identify
restrictions. You
must exclude
values that make
any denominator
zero in the
original problem,
as well as values
that make the
denominator of
the divisor zero,
because you are
flipping that
denominator into
a humerator.
Crucially, you
must also
exclude values
that made the
denominator of

. . the original
its reciprocal. divisor zero.
2. Factor . Cancel
Completely: Common
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Factors: Cancel
any common
factors that
appear in any
numerator and
any
denominator.

5. Multiply
Across: Multiply
the remaining
factors in the
numerator and
denominator.

6. Simplify: Ensure
no further
simplification is
possible.

Example
2: A
Straightfo
rward
Division

Divide: (x + 5) / (x - 3)
+ (x? + 10x + 25) / (x?

- 9)

Step 1: Reciprocal.
Keep the first fraction.
Change + to *. Flip the
second fraction. We
get: (x +5)/(x-3)*
(x2-9)/(x?2 + 10x +
25)

Step 2: Factor. x?2 -9
= (x -3)(x + 3). x2 +
10x + 25 =(x + 5)(x +
5).

Step 3: State
Restrictions. In the
original problem, x # 3
and x # -5. Also,
because we are
dealing with division,
the original divisor * (x2
+ 10x + 25)/(x2 -9) "’
introduces the
restriction x # £3. So
overall, x # 3, x # -3,
and x # -5.

Step 4: Cancel. We
have (x + 5) in the
numerator and (x + 5)
in the denominator.
Cancel one. We have (x
- 3) in the numerator
and (x - 3) in the



denominator. Cancel

them.

Step 5: Multiply. We
are left with (1 * (x +
3)) /(L*(x+5)) =(x
+3)/(x+5).

Answer: The quotient

is (x + 3)/(x +5), for
X # +3, -5.

SIMPLIFYING
COMPLEX
FRACTIONS

Once you are
comfortable with
multiplication and
division, you will

encounter complex
fractions. These are
rational expressions
that have fractions
within fractions. For
example: (1/x + 1/y) /
(x +y).

There are two main
methods to simplify
complex fractions. The
first method involves
combining the
numerator into a single
fraction, combining the

10

denominator into a
single fraction, and
then dividing. The
second, often more
straightforward
method, is to multiply
the entire complex
fraction by the least
common denominator
(LCD) of all the smaller
fractions within it.

Using the
LCD
Method

Consider the complex
fraction: (1/x) /
(1/(x+1)).

The LCD of the inner
fractions "1/x" and
"1/(x+1)" is x(x+1).
Multiply the entire
main numerator and
the entire main
denominator by this
LCD.

We get: [1/x * x(x+1)]/
[1/(x+1) * x(x+1)] =

10
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(x+1) / x.

This method elegantly
eliminates the nested
fractions, leaving a
simple rational
expression that you
can then simplify
further if needed.

COMMON PITFALLS
AND HOW TO
AVOID THEM

Even experienced
students make
mistakes when dealing
with Algebra 2
multiplying and
dividing rational
expressions.
Awareness of these
common pitfalls is the
best defense.

The
Danger of

Canceling
Terms
Instead of
Factors

This is the number one
error. You can cancel a
factor, which s
something being
multiplied. You cannot
cancel a term, which is
something being added
or subtracted.

Incorrect: (x + 5) / (x
+ 2). A student might
incorrectly cancel the
x's to get 5/2. This is
wrong.

Correct: You must
factor first. If the
expression were
(x(x+5)) / (x(x+2)),
then you could cancel
the factor x.
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