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How to Factor Polynomials Algebra 2

Factoring polynomials is a fundamental skill in Algebra 2 that lays the groundwork for more advanced
mathematics. It involves breaking down a polynomial into simpler components, which can then be
multiplied to produce the original polynomial. Understanding how to factor polynomials not only helps in
solving equations but also enhances the comprehension of polynomial functions and their graphs. In this
article, we will explore various methods of factoring polynomials, the types of polynomials you might

encounter, and practical examples to solidify your understanding.

Understanding Polynomials

Before diving into the factoring techniques, it's essential to understand what a polynomial is. A polynomial
is an algebraic expression that consists of variables and coefficients, combined using addition, subtraction,

multiplication, and non-negative integer exponents. The general form of a polynomial is:
\[P(x) =a_n x"n +a_{n-1} x¥n-1} + ... +a_1x+a 0]

where \(a_n, a_{n-1}, .., a_0 \) are coefficients, \( x \) is the variable, and \( n \) is a non-negative integer

representing the degree of the polynomial.

Types of Polynomials

Polynomials can be classified based on their degree and the number of terms:

1. Based on Degree

- Constant Polynomial: Degree 0 (e.g., \( 5\))

- Linear Polynomial: Degree 1 (e.g., \( 2x + 3'\))

- Quadratic Polynomial: Degree 2 (e.g., \( x"2 + 4x + 4 \))
- Cubic Polynomial: Degree 3 (e.g., \( x"3 - 2x"2 + x - 5))
- Higher-Degree Polynomials: Degree 4 and above.



2. Based on the Number of Terms

- Monomial: One term (e.g., \( 4x"3\))
- Binomial: Two terms (e.g., \( x"2 - 9\))
- Trinomial: Three terms (e.g., \( x"2 + 5x + 6 \))

Methods of Factoring Polynomials

Now that we have a basic understanding of polynomials, let’s explore various methods of factoring them.

1. Factoring Out the Greatest Common Factor (GCF)

The first step in factoring any polynomial is to check for a Greatest Common Factor (GCF). The GCF is the

largest expression that divides all terms in the polynomial.

Steps to Factor Out the GCF:
- Identify the GCF of all the terms.
- Factor the GCF out of the polynomial.

Example:

Factor the polynomial \( 6x"3 + 9x2 - 15x \).

1. The GCF of \( 6, 9, \) and \( -15\) is \( 3x \).
2. Factor it out:
\[ 3x(2x"2 + 3x - 5) \]

2. Factoring by Grouping

Factoring by grouping is an effective method for polynomials with four or more terms. This method

involves grouping terms to find common factors.

Steps to Factor by Grouping:
1. Group the polynomial into two parts.
2. Factor out the GCF from each group.

3. If both groups contain a common binomial factor, factor it out.

Example:
Factor \( x"3 + 3x"2 + 2x + 6 \).



1. Group: \( (x"3 + 3x"2) + (2x + 6) \).
2. Factor GCF: \( x"2(x + 3) + 2(x + 3) \).
3. Factor out the common binomial:

\[(x"2 + 2)(x +3)\]

3. Factoring Quadratics

Quadratic polynomials take the form \( ax"2 + bx + ¢ \). There are various methods to factor quadratics:

3.1. Factoring by Finding Two Numbers

To factor a quadratic, look for two numbers that multiply to \( ac \) (the product of \('a \) and \( ¢ \)) and
add to \( b \).

Example:
Factor \( x"2 + 5x + 6 \).

1. Find two numbers that multiply to \( 6 \) (the product of \( 1 \) and \( 6 \)) and add to \( 5 \): The
numbers are \( 2 \) and \( 3 \).

2. Write the factors:

[+ 2)x+3)

3.2. Using the Quadratic Formula

If factoring is challenging, the quadratic formula can be used to find the roots of the quadratic equation, and

then convert it into factored form:
\[ x = \frac{-b \pm \sqrt{b"2 - dac}}{2a} \|

Example:
For the quadratic \( 2x"2 + 4x + 2 \):

1. Using the formula:

\[ x = \frac{-4 \pm \sqrt{4"2 - 4(2)(2)}}{2(2)} = \frac{-4 \pm 0}{4} \]
2. The root is \( -1 \), hence:

\[ 2(x + 1)2\]



4. Factoring Special Products

Certain polynomials can be factored using special identities:

4.1. Difference of Squares

The difference of squares can be written as:
\[a"2-b"2=(a-Db)a+Db)\]

Example:
Factor \( x"2 - 16 \):
\[(x -4)(x +4)\]

4.2. Perfect Square Trinomials

A perfect square trinomial can be factored as:
\[a"2 +2ab + b"2 = (a + b)"2 \]
\[ 2’2 - 2ab + b*2 = (a - b)*2 \]

Example:
Factor \( x"2 + 6x + 9 \):
\[(x +3)"2\]

Practice Problems

To reinforce your understanding, try factoring the following polynomials:

1. Factor \
2. Factor \
3. Factor \
4. Factor \

4%"2 - 12x + 9 \).
X' - 16 \).

3x"3 + 9x"2 - 12x \).
X2 + 8x + 16 \).

A~ A~~~

Conclusion

Factoring polynomials is a critical skill in Algebra 2 that not only aids in solving equations but also enhances
your understanding of the behavior of polynomial functions. By mastering the methods outlined in this
article, including finding the GCF, grouping, factoring quadratics, and recognizing special products, you
will be well-equipped to tackle a wide range of polynomial expressions. Practice is key, so be sure to work

through various examples to build confidence in your factoring abilities.



Frequently Asked Questions

What is the first step in factoring polynomials?

The first step in factoring polynomials is to look for a greatest common factor (GCF) in all the terms of the

polynomial and factor it out.

How do you factor a quadratic polynomial in the form ax"2 + bx + ¢?

To factor a quadratic polynomial in the form ax"2 + bx + ¢, look for two numbers that multiply to ac (the

product of a and c) and add to b. Rewrite the middle term using these numbers, then factor by grouping.

What is the difference between factoring by grouping and factoring

using the quadratic formula?

Factoring by grouping involves rearranging terms and factoring pairs of terms, while the quadratic

formula is used to find the roots of the polynomial directly without necessarily factoring it.

What are the special factoring formulas to remember?

The special factoring formulas include the difference of squares (a2 - b*2 = (a + b)(a - b)), perfect square

trinomials (a"2 + 2ab + b"2 = (a + b)"2), and the sum/difference of cubes.

Can all polynomials be factored over the integers?

No, not all polynomials can be factored over the integers. Some polynomials are irreducible, meaning they

cannot be factored into simpler polynomial expressions with integer coefficients.

‘What is synthetic division and how is it used in factoring?

Synthetic division is a simplified form of polynomial long division used to divide a polynomial by a linear

factor. It helps to find the roots of the polynomial, which can then aid in factoring.

What is the role of zeros in factoring polynomials?

Zeros (or roots) of a polynomial are the values of x that make the polynomial equal to zero. Finding these

zeros allows you to express the polynomial as a product of factors based on its roots.

How do you factor a polynomial with a leading coefficient greater than 1?

To factor a polynomial with a leading coefficient greater than 1, you can use the 'ac method"' where you

multiply the leading coefficient by the constant term, find pairs of factors that add to the middle term, and



then factor by grouping.

What is the significance of the Rational Root Theorem in factoring?

The Rational Root Theorem provides a way to list all possible rational roots of a polynomial, which can be

tested to find actual roots that can aid in factoring the polynomial.

What strategies can be used when factoring higher-degree polynomials?

For higher-degree polynomials, strategies include looking for a GCF, using synthetic division to find roots,

applying the Rational Root Theorem, and utilizing special factoring formulas where applicable.
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