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1.2 Factoring Quadratic Expressions and Solv-
ing Quadratic Equations by Factoring

Learning Objectives

• Write quadratic equations in standard form.

• Factor quadratic expressions.

• Factor quadratic expression when the leading coefficient is -1.

• Solve polynomial equations by factoring.

Write Quadratic Expressions in Standard Form

Quadratic polynomials are polynomials of degree 2. The standard form of a quadratic polynomial is written as

ax2 +bx+ c

Here a,b, and c stand for constant numbers. Factoring these polynomials depends on the values of these constants. In

this section, we will learn how to factor quadratic polynomials for different values of a,b, and c. In the last section,

we factored out common monomials, so you already know how to factor quadratic polynomials where c = 0.

For example for the quadratic ax2 + bx, the common factor is x and this expression is factored as x(ax+ b). When

all the coefficients are not zero these expressions are also called Quadratic Trinomials, since they are polynomials

with three terms.

Factor when a = 1, b is Positive, and c is Positive

Lets first consider the case where a= 1,b is positive and c is positive. The quadratic trinomials will take the following

form.

x2 +bx+ c

You know from multiplying binomials that when you multiply two factors (x+m)(x+ n) you obtain a quadratic

polynomial. Lets multiply this and see what happens. We use The Distributive Property.

(x+m)(x+n) = x2 +nx+mx+mn

Multiplying two binomials is sometime referred to as FOIL. The letters of the word FOIL can be used to help

remember the four products when multiplying to binomials.

F → First

O→ Outer

I→ Inner

L→ Last

14



www.ck12.org Chapter 1. Factoring Polynomials and Polynomial Equations

1. Find the product of the first terms of the two binomials.

2. Find the product of the outer terms of the two binomials.

3. Find the product of the inner terms of the two binomials.

4. Find the product fo the last terms of the two binomails.

Yet, another way to to multiply two binomials is to think of double distrubution. Distribute the first term of the first

binomials to the second binomial. The distribute the second term of the first binomial to the second binomial.

To simplify this polynomial we would combine the like terms in the middle by adding them.

(x+m)(x+n) = x2 +(n+m)x+mn

To factor we need to do this process in reverse.

We see that x2 +(n+m)x+mn

Is the same form as x2 +bx+ c

This means that we need to find two numbers m and n where

n+m = b and mn = c

To factor x2 +bx+ c, the answer is the product of two parentheses.

(x+m)(x+n)

so that n+m = b and mn = c

Lets try some specific examples.

Example 1

Factor x2 +5x+6

Solution We are looking for an answer that is a product of two binomials in parentheses.

(x+ )(x+ )

To fill in the blanks, we want two numbers m and n that multiply to 6 and add to 5. A good strategy is to list the

possible ways we can multiply two numbers to give us 6 and then see which of these pairs of numbers add to 5. The

number six can be written as the product using its factors.

6 = 1 ·6 and 1+6 = 7

6 = 2 ·3 and 2+3 = 5 ← This is the correct choice.

So the answer is (x+2)(x+3).

We can check to see if this is correct by multiplying (x+2)(x+3).

(x+2)(x+3) = x2 +3x+2x+6 = x2 +5x+6
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The answer checks out.

Example 2

Factor x2 +7x+12

Solution

We are looking for an answer that is a product of two parentheses (x+ )(x+ ).

The number 12 can be written as the product of the following numbers.

12 = 1 ·12 and 1+12 = 13

12 = 2 ·6 and 2+6 = 8

12 = 3 ·4 and 3+4 = 7 ← This is the correct choice.

The answer is (x+3)(x+4). When these factors are multiplied, the product is x2 +7x+12.

Example 3

Factor x2 +8x+12.

Solution

We are looking for the product of the two binomials in parentheses (x+ )(x+ ).

The number 12 can be written as the product of the following numbers.

12 = 1 ·12 and 1+12 = 13

12 = 2 ·6 and 2+6 = 8 ← This is the correct choice.

12 = 3 ·4 and 3+4 = 7

The answer is (x+2)(x+6). When these factors are multiplied, the product is x2 +8x+12.

Example 4

Factor x2 +12x+36.

Solution

We are looking for the product of the two binomials in parentheses (x+ )(x+ ).

The number 36 can be written as the product of the following numbers.

36 = 1 ·36 and 1+36 = 37

36 = 2 ·18 and 2+18 = 20

36 = 3 ·12 and 3+12 = 15

36 = 4 ·9 and 4+9 = 13

36 = 6 ·6 and 6+6 = 12 ← This is the correct choice

The answer is (x+6)(x+6). When these factors are multiplied, the product is x2 +12x+36.

Factor when a = 1, b is Negative and c is Positive

Now lets see how this method works if the middle coefficient (b) is negative.
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Example 5

Factor x2−6x+8.

Solution

We are looking for the product of the two binomials in parentheses(x+ )(x+ ).

The number 8 can be written as the product of the following numbers.

8 = (1) · (8) and 1+(8) = 9

8 = (−1) · (−8) and −1+(−8) =−9

8 = 2 ·4 and 2+4 = 6

8 = (−2) · (−4) and −2+(−4) =−6

8 = (−2) · (−4) and −2+(−4) =−6 ← This is the correct choice.

The factorization is (x+(−2))(x+(−4)) and this can be written as (x−2)(x−4).

The answer is (x−2)(x−4)

We can check to see if this is correct by multiplying (x−2)(x−4).

(x−2)(x−4) = x2−2x−4x+8 = x2−6x+8

The answer checks out.

Example 6

Factor x2−17x+16

Solution

We are looking for the product of two binomials in parentheses. We will use± to mean plus or minus. (x± )(x±
).

The number 16 can be written as the product of the following numbers:

16 = 1 ·16 and 1+16 = 17

16 = (−1) · (−16) and −1+(−16) =−17 ← This is the correct choice.

16 = 2 ·8 and 2+8 = 10

16 = (−2) · (−8) and −2+(−8) =−10

16 = 4 ·4 and 4+4 = 8

16 = (−4) · (−4) and −4+(−4) =−8

The answer is (x−1)(x−16). When these factors are multiplied, the product is xx2−17x+16.

Note: When the correct choice of factors are found, there is no need to continue the trial and error process to find

the factors of c that add to b.
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Factor when a = 1 and c is Negative

Now lets see how this method works if the constant term is negative.

Example 7

Factor x2 +2x−15

Solution

We are looking for the product of two binomials in parentheses(x± )(x± ).

In this case, we must take the negative sign into account. The number -15 can be written as the product of the

following numbers.

−15 =−1 ·15 and −1+15 = 14 Notice that these are two different choices.

−15 = 1 · (−15) and 1+(−15) =−14 Notice that these are two different choices.

−15 =−3 ·5 and −3+5 = 2 ← This is the correct choice.

−15 = 3 · (−5) and 3+(−5) =−2

The answer is (x−3)(x+5).

We can check to see if this is correct by multiplying (x−3)(x+5).

(x−3)(x+5) = x2−3x+5x−15 = x2 +2x−15

The answer checks out.

Example 8

Factor x2−10x−24

Solution

We are looking for the product of two binomials in parentheses(x± )(x± ).

The number -24 can be written as the product of the following numbers.

−24 =−1 ·24 and −1+24 = 23

−24 = 1 · (−24) and 1+(−24) =−23

−24 =−2 ·12 and −2+12 = 10

−24 = 2 · (−12) and 2+(−12) =−10 ← This is the correct choice.

−24 =−3 ·8 and −3+8 = 5

−24 = 3 · (−8) and 3+(−8) =−5

−24 =−4 ·6 and −4+6 = 2

−24 = 4 · (−6) and 4+(−6) =−2
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The answer is (x−12)(x+2). We can verify this is the correct factorization by multiplying the binomials.

Example 9

Factor x2 +34x−35

Solution

We are looking for the product of two binomials in parentheses(x± )(x± ).

The number -35 can be written as the product of the following numbers:

−35 =−1 ·35 and −1+35 = 34 ← This is the correct choice.

−35 = 1 · (−35) and 1+(−35) =−34

−35 =−5 ·7 and −5+7 = 2

−35 = 5 · (−7) and 5+(−7) =−2

The answer is (x−1)(x+35).

Factor when a = - 1

When a =−1, the best strategy is to factor the common factor of -1 from all the terms in the quadratic polynomial.

Then, you can apply the methods you have learned so far in this section to find the missing factors.

Example 10

Factor −x2 + x+6.

Solution

First factor the common factor of -1 from each term in the trinomial. Factoring -1 changes the signs of each term in

the expression.

−x2 + x+6 =−(x2− x−6)

We are looking for the product of two binomials in parentheses (x± )(x± ).

Now our job is to factor x2− x−6.

The number -6 can be written as the product of the following numbers.

−6 =−1 ·6 and −1+6 = 5

−6 = 1 · (−6) and 1+(−6) =−5

−6 =−2 ·3 and −2+3 = 1

−6 = 2 · (−3) and 2+(−3) =−1 ← This is the correct choice.

The answer is −(x−3)(x+2).

Solve Quadratic Equations by Factoring

Now that we know the basics of factoring, we can solve some simple polynomial equations. We already saw how

we can use the Zero-product Property to solve polynomials in factored form. However, it is important to recognize

the different between an expression and an equation.
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This is a quadratic expression: ax2 +bx+ c

This is a quadratic equation: ax2 +bx+ c = 0

The degree of an equation determines the most number of solutions that the equation could have. Since we will be

solving quadratic equations, which are equations of degree 2, we can expect two solutions. However, one solution

can be a repeated solution. For example, (x+3)(x+3) = 0 has a solution of x =−3, but this is a repeated solution

because the quadratic equation has two factors of (x+3).

Now we will learn how to solve factorable quadratic equations in expanded form.

Steps to Solving Quadratic Equations in Factored Form

Step 1

If necessary, re-write the equation in standard form such that:

Polynomial expression = 0.

Step 2

Factor the quadratic completely.

Step 3

Use the zero-product rule to set each factor equal to zero.

Step 4

Solve each equation from step 3.

Step 5

Check your answers by substituting your solutions into the original equation.

Example 11

Solve the following polynomial equations

a) x2−2x−15 = 0

b) x2 = 5x+6

c) −x2 = 8−6x

Solution:

a) x2−2x−15 = 0

Rewrite. This is not necessary since the equation is in the correct form.

Factor (x−5)(x+3) = 0.

Set each factor equal to zero.

x−5 = 0 or x+3 = 0

Solve.

x = 5 or x =−3

Check. Substitute each solution back into the original equation.
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x = 5 ⇒ (5)2−2(5)−15 = 0 check

x =−3 ⇒ (−3)2−2(−3)−15 = 0 check

Answer x = 5,x =−3

b) x2 = 5x+6

Rewrite x2−5x−6 = 0.

Factor (x−6)(x+1) = 0.

Set each factor equal to zero.

x−6 = 0 or x+1 = 0

Solve

x = 6 or x =−1

Check Substitute each solution back into the original equation.

x = 6 ⇒ (6)2−5(6)−6 = 0 check

x =−1 ⇒ (−1)2−5(−1)−6 = 0 check

Answer x = 6,x =−1

c) −x2 = 8−6x

Rewrite −x2 +6x−8 = 0

Factor

−x2 +6x−8 = 0 ⇒ −1(x2−6x+8) = 0 ⇒ −1(x−4)(x−2) = 0

.

Set each factor equal to zero:.

x−4 = 0 or x−2 = 0

Solve

x = 4 or x = 2

Check Substitute each solution back into the original equation.

x = 4⇒−(4)2 +6(4)−8 = 0 works out

x = 2⇒−(2)2 +6(2)−8 = 0 works out
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Answer x = 4,x = 2

To Summarize,

A quadratic of the form x2 +bx+ c factors as a product of two parenthesis (x+m)(x+n).

• If b and c are positive then both m and n are positive

– Example: x2 +8x+12 factors as (x+6)(x+2).

• If b is negative and c is positive then both m and nare negative.

– Example: x2−6x+8 factors as (x−2)(x−4).

• If c is negative then either m is positive and nis negative or vice-versa

– Example: x2 +2x−15 factors as (x+5)(x−3).
– Example: x2 +34x−35 factors as (x+35)(x−1).

• If a =−1, factor a common factor of -1 from each term in the trinomial and then factor as usual. The answer

will have the form −(x+m)(x+n).

– Example: −x2 + x+6 factors as −(x−3)(x+2).

Concept Extension

Example 12

The solutions to a quadratic equation are x =−3 and x = 4. What was the original quadratic equation in standard
form with a leading coefficient of 1?

Solution:

If a solution is x =−3, then a factor of the quadratic equation was (x+3).

If a solution is x = 4, then a factor of the quadratic equation was (x−4).

As a result the original quadratic equatio with a leading coefficient of 1 would be:

(x−3)(x+4) = 0

Now multiply the left side and simplify.

(x−3)(x+4) = 0

x2−3x+4x−12 = 0

x2 + x−12 = 0

Example 13

The solutions to a quadratic equation are x = 3
4

and x = − 1
3
. What was a possible original quadratic equation in

standard form?

Solution:

If a solution is x = 3
4
, then a factor of the quadratic equation was (4x−3).

If a solution is x =− 1
3
, then a factor of the quadratic equation was (3x+1).

As a result the original quadratic equatio with a leading coefficient of 1 would be:
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(4x−3)(3+1) = 0

Now multiply the left side and simplify.

(4x−3)(3+1) = 0

12x2 +4x−9x−3 = 0

12x2−5x−3 = 0

Review Questions

Factor the following quadratic polynomials.

1. x2 +10x+9

2. x2 +15x+50

3. x2 +10x+21

4. x2 +16x+48

5. x2−11x+24

6. x2−13x+42

7. x2−14x+33

8. x2−9x+20

9. x2 +5x−14

10. x2 +6x−27

11. x2 +7x−78

12. x2 +4x−32

13. x2−12x−45

14. x2−5x−50

15. x2−3x−40

16. x2− x−56

17. −x2−2x−1

18. −x2−5x+24

19. −x2 +18x−72

20. −x2 +25x−150

21. x2 +21x+108

22. −x2 +11x−30

23. x2 +12x−64

24. x2−17x−60

Solve.

25. x2 +12x−28 = 0

26. x2−8x+12 = 0

27. x2−9x−36 = 0

28. −x2 = x−20

29. The polynomial x2−4x−21 has (x+3) as one of the factors. What is the other factor?

30. The polynomial x2−2x+1 has (x−1) as one of the factors. What is the other factor?
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31. The solutions to a quadratic equation are x =−2 and x = 4. What was the original equation in standard form

with a leading coefficient of 1?

32. The solutions to a quadratic equation are x = 2
3

and x = 1
2
. What was a possible original equation in standard

form?

Review Answers

1. (x+1)(x+9)
2. (x+5)(x+10)
3. (x+7)(x+3)
4. (x+12)(x+4)
5. (x−3)(x−8)
6. (x−7)(x−6)
7. (x−11)(x−3)
8. (x−5)(x−4)
9. (x−2)(x+7)

10. (x−3)(x+9)
11. (x−6)(x+13)
12. (x−4)(x+8)
13. (x−15)(x+3)
14. (x−10)(x+5)
15. (x−8)(x+5)
16. (x−8)(x+7)
17. −(x+1)(x+1)
18. −(x−3)(x+8)
19. −(x−6)(x−12)
20. −(x−15)(x−10)
21. (x+9)(x+12)
22. −(x−5)(x−6)
23. (x−4)(x+16)
24. (x−20)(x+3)
25. x =−14,x = 2

26. x = 6,x = 2

27. x = 12,x =−3

28. x = 4,x =−5

29. (x−7)
30. (x−1)
31. x2−2x−8 = 0

32. 6x2−7x+2 = 0
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