


Unit 1 Topic 2: Linear
Inequalities in One Variable.

Algebra 1 Summit

Say Thanks to the Authors
Click http://www.ck12.org/saythanks

(No sign in required)

http://www.ck12.org/saythanks


www.ck12.org

To access a customizable version of this book, as well as other
interactive content, visit www.ck12.org

CK-12 Foundation is a non-profit organization with a mission to
reduce the cost of textbook materials for the K-12 market both
in the U.S. and worldwide. Using an open-content, web-based
collaborative model termed the FlexBook®, CK-12 intends to
pioneer the generation and distribution of high-quality educational
content that will serve both as core text as well as provide an
adaptive environment for learning, powered through the FlexBook
Platform®.

Copyright © 2014 CK-12 Foundation, www.ck12.org

The names “CK-12” and “CK12” and associated logos and the
terms “FlexBook®” and “FlexBook Platform®” (collectively
“CK-12 Marks”) are trademarks and service marks of CK-12
Foundation and are protected by federal, state, and international
laws.

Any form of reproduction of this book in any format or medium,
in whole or in sections must include the referral attribution link
http://www.ck12.org/saythanks (placed in a visible location) in
addition to the following terms.

Except as otherwise noted, all CK-12 Content (including CK-12
Curriculum Material) is made available to Users in accordance
with the Creative Commons Attribution-Non-Commercial 3.0
Unported (CC BY-NC 3.0) License (http://creativecommons.org/
licenses/by-nc/3.0/), as amended and updated by Creative Com-
mons from time to time (the “CC License”), which is incorporated
herein by this reference.

Complete terms can be found at http://www.ck12.org/terms.

Printed: August 13, 2014

AUTHOR
Algebra 1 Summit

iii

http://www.ck12.org
http://www.ck12.org/
http://www.ck12.org/saythanks
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://www.ck12.org/terms


Contents www.ck12.org

Contents

1 Unit 1 Topic 2: Linear Inequalities in One Varaible 1

iv

http://www.ck12.org


www.ck12.org Concept 1. Unit 1 Topic 2: Linear Inequalities in One Varaible

CONCEPT 1 Unit 1 Topic 2: Linear
Inequalities in One Varaible

Dear Parents & Guardians,

Unit 1 Topic 2 focuses on writing and solving inequalities. Students develop fluency and mastery writing, interpret-
ing, and translating between various forms of linear equations and inequalities in one variable, and using them to
solve problems. This topic includes:

• Writing inequalities to represent a situation
• Solving inequalities in one variable
• Justifying solution methods

Like equations, inequalities show a relationship between two expressions. We solve and graph inequalities in a
similar way to equations but an inequality is usually a set of values instead of just one value.

When writing inequalities we use the following symbols:

> is greater than

≥ i s greater than or equal to

< is less than

≤is less than or equal to

TABLE 1.1: Properties of Inequalities

Property Rule Example
Addition Property If x < y, then x+ z < y+ z if 3 < 6, then 3+5 < 6+5

8 < 11 is still true
Subtraction Property If x < y, then x− z < y− z If 8 < 12, then 8−5 < 12−5

3 < 7 is still true
Multiplication Property If x < y, and z > 0 then x∗ z < y∗ z If 12 < 15, and z = 5 then 12 ∗ 5 <

15∗5
60 < 75 is still true

Multiplication Property with a neg-
ative number

If x < y, and z < 0 then x∗ z > y∗ z If 5 < 10, and z =−3 then 5∗−3 >
10∗−3
since 5 and 10 were multiplied by
a negative, for the expression to
remain true the sign must flip
-15 > -30 is true that the sign flipped

Division Property If x < y, and z > 0 then x÷ z < y÷ z If 4< 8, and z= 2 then 4÷2< 8÷2
2 < 4 stays true

Division Property with a negative
number

If x < y, and z < 0 then x÷z > y÷z If 6< 12, and z=−3 then 6÷−3>
12÷−3
since 6, and 12 were divided by a
negative, for the equation to remain
true the sign must flip
-2 > -4 is true that the sign flipped
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TABLE 1.1: (continued)

Transitive Property If x > y and y > z, then x > z If 9 > 6 and 6 > 2, then 9 > 2

2
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Write and Graph Inequalities in One Variable on a Number Line

Let’s start with the simple inequality x > 3.

We read this inequality as "x is greater than 3". The solution is the set of all real numbers that are greater than three.
We often represent the solution set of an inequality with a number line graph. The reason the dot on three is open is
that the inequality reads x is greater than three, therefore three is not included in the solution set.

Consider another simple inequality: x ≤ 4.

We read this inequality as "x is less than or equal to 4". The solution is the set of all real numbers that are equal to
four or less than four. We can graph this solution set on a number line. The reason we used a closed dot on x is less
than or equal to four, is that four is part of the solution set.

Examples

Graph the following inequalities on a number line.
a) x <−3
b) x ≥ 6
c) x > 0
d) x ≤ 8

Solutions:

a) The inequality x <−3 represents all numbers that are less than -3. The number -3 is not included in the solution,
so it is represented by an open circle on the graph.

License: CC BY-NC 3.0

[Figure3]

b) The inequality x ≥ 6 represents all numbers that are greater than or equal to 6. The number 6 is included in the
solution, so it is represented by a closed circle on the graph.

License: CC BY-NC 3.0

[Figure4]
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c) The inequality x > 0 represents all numbers that are greater than 0. The number 0 is not included in the solution,
so it is represented by an open circle on the graph.

License: CC BY-NC 3.0

[Figure5]

d) The inequality x ≤ 8 represents all numbers that are less than or equal to 8. The number 8 is included in the
solution, so it is represented by a closed circle on the graph.

FIGURE 1.1

License: CC BY-NC 3.0

[Figure6]

Example

Write the inequality that is represented by each graph.
a)

FIGURE 1.2

License: CC BY-NC 3.0
[Figure7]
b)

FIGURE 1.3

License: CC BY-NC 3.0
[Figure8]
c)

FIGURE 1.4

License: CC BY-NC 3.0
[Figure9]
d)

FIGURE 1.5

License: CC BY-NC 3.0
[Figure10]
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Solutions:

a) x ≤−12

b) x > 540 (Since the open circle is not on an exact number, give a reasonable estimate)

c) x < 6.5

d) x ≥ 85

5
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Inequalities appear regularly in real life. Here are some common words or phrases that can be represented by
inequalities. Here are some examples that are commonly used in real-world applications.

TABLE 1.2:

> > < <
more than minimum smaller than maximum
greater than at least less than at most
larger than no less than below no more than
above greater than or equal to up to can not exceed
exceeds fewer than less than or equal to

Example

Write each statement as an inequality and graph it on the number line.
a) You must be at least 48 inches tall to ride the Thunderbolt Roller coaster.
b) The speed limit on the interstate is 65 miles per hour or less.

Solutions:

[Figure11]

a) The words "at least" imply that the value of 48 inches is included in the solution set, so the inequality is written
ash ≥ 48, where h is the height. In the context of this problem, it is not realisitic that someone is 100 inches
tall. This would be considered a non-viable solution. Viable solutions include 48 inches, 49 inches, etc.

License: CC BY-NC 3.0

[Figure12]

b) Speed limit means the highest allowable speed, so the inequality is written as s ≤ 65, where s is the speed limit.
Any value below zero would not be realistic in this situation and would be considered a non-viable solution. Viable
solutions include any speed between zero and 65.

License: CC BY-NC 3.0

[Figure14]

Solving Inequalities Using Multiplication and Division

We can also solve inequalities by multiplying or dividing both sides by a constant. For example, to solve the
inequality 5x < 3, we would divide both sides by 5 to get x < 3

5 .

However, something different happens when we multiply or divide by a negative number. We know, for example,
that 5 is greater than 3. But if we multiply both sides of the inequality 5 > 3 by -2, we get −10 >−6. And we know
thats not true; -10 is less than -6.
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This happens whenever we multiply or divide an inequality by a negative number. We have to flip the sign around
to make the inequality true. For example, to multiply 2 < 4 by -3, first we multiply the 2 and the 4 each by -3, and
then we change the < sign to a > sign, so we end up with −6 >−12.

This is the same principle applies when solving an inequality in one variable.
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Example

Solve each inequality.
a) 4x < 24
b) −5x ≤ 21
c) x

25 < 3
2

d) x
−7 ≥ 9

Solutions:

a)

TABLE 1.3:

4x < 24 Original Problem
4x
4 < 24

4 Divide both sides by 4 Division Property of Inequalities
(Dividing by a positive number
does not affect the inequality sign)

x < 6 Simplify

b)

TABLE 1.4:

−5x ≤ 21 Original problem
−5x
−5 ≥ 21

−5 Divide both sides by -5 and f lip the
inequality sign

Division Property of Inequalities
(Dividing by a negative number af-
fects the inequality sign)

x ≥−21
5 Simplify

c)

TABLE 1.5:
x

25 < 3
2 Original problem

25 · x
25 < 3

2 ·25 Multiply both sides by 25 Multiplication Property of In-
equalities
(multiplying by a positive number
does not affect the inequality sign)

x < 75
2 or x < 37.5 Simplify

8
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d)

TABLE 1.6:
x
−7 ≥ 9 Original problem:
−7 · x

−7 ≤ 9 · (−7) Multiply both sides by -7 and f lip
the inequality sign.

Multiplication Property of In-
equalities
(multiplying by a positive number
affects the inequality sign)

x ≤−63 Simplify

Solving Multi-Step Inequalities

In the last two sections, we studied inequalities which required only one step to obtain the solution. However, solving
most inequalities requires several steps. As with solving equations, we must use the order of operations to find the
correct solution. In addition, remember that when we multiply or divide the inequality by a negative number,
the direction of the inequality sign changes.

The general procedure for solving multi-step inequalities is almost exactly like the procedure for solving multi-step
equations:

Example

Solve each of the following inequalities and graph the solution set.
a) 9x

5 −7 ≥−3x+12
b) −25x+12 ≤−10x−12

Solution

a)

TABLE 1.7:
9x
5 −7 ≥−3x+12 Original problem
9x
5 +3x−7 ≥−3x+3x+12 Add 3x to both sides Addition Property of Inequalities
24x
5 −7 ≥ 12 Simplify

24x
5 −7+7 ≥ 12+7 Add 7 to both sides Addition Property of Inequalities

24x
5 ≥ 19 Simplify

5 · 24x
5 ≥ 5 ·19 Multiply 5 to both sides Multiplication Property of In-

equalities
24x ≥ 95 Simplify
24x
24 ≥ 95

24 Divide both sides by 24 Division Property of Inequalities
x ≥ 95

24 Simplify
x ≥ 3 23

24 or 3.96 Solution

Graph:
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[Figure19]
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b)

TABLE 1.8:

−25x+12 ≤−10x−12 Original problem
−25x+10x+12≤−10x+10x−12 Add 10x to both sides Addition Property of Inequalities
−15x+12 ≤−12 Simplify
−15x+12−12 ≤−12−12 Subtract 12 from both sides Subtraction Property of Inequal-

ities
−15x ≤−24 Simplify
−15x
−15 ≥ −24

−15 Divide both sides by -15 and flip
the inequality sign

Division Property of Inequalities

x ≥ 8
5 Simplify

x ≥ 1 3
5 or 1.6 solution

Graph:

License: CC BY-NC 3.0

[Figure20]
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Writing Inequalities to Represent a Situation

Instructional video: https://s3.amazonaws.com/ck12bg.ck12.org/curriculum/105462/video.mp4

Example

Dita has a budget of $350 to spend on a rental car for an upcoming trip, but she wants to spend as little of that money
as possible. If the trip will last five days, what daily rental rates should she be willing to consider? Let r represent
the daily rental rate.

Inequality to represent the situation: 5r ≤ 350

5 is the number of days

r represents the daily rental rates

≤ less than or equal to. She can’t spend more than her budget allows but she can spend less than or equal to the
amount.

$350 is her maximum budget for the rental car

Solution: r ≤ 70

Dita can consider any rental rate up to $70 per day to stay within her budget.
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Example

Maria is two years more than three times her younger brother’s age. If the sum of their ages is at most 18, then find:
(Let y represent the age of her younger brother)

1. the greatest age that Maria’s brother could be.
2. an inequality that represents all possible values of Maria’s age.

What do we know?

Maria = 2 + 3y (two years more than three times her younger brother’s age)

Brother = y (her brother’s age is an unknown value)

The sum of their ages (Maria and her brother) is 2+3y + y

Combine like terms to get the inequality 4y + 2 ≤ 18

Maria is two years more than three times her younger brother’s age. If the sum of their ages is at most 18, then find:

1. the greatest age that Maria’s brother could be. y ≤ 4 Maria’s brother could be no more than 4 years old, by
solving the above inequality for y, Maria’s brother could be at most 4 years old.

2. An inequality that represents all possible values of Maria’s age. 3y + 2 ≤ 14 assume her brother is his
maximum age, she can be up to 14 years old

Example

Kevin is saving money for college. He will graduate high school in three years. He currently has $5,000 saved. How
much money does he need to save each month if he wants to save at least $7,000? Create and solve an inequality to
determine the answer.

Solution: 5,000 + 36m ≤ 7,000

5,000 is the amount he has already saved

+ add because he saving more money to add to his current savings

36 is the number of months in 3 years (3 years x 12 months)

m represents the monthly savings

Solving Inequalities

https://www.youtube.com/watch?v=VgDe_D8ojxw

MEDIA
Click image to the left for more content.
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