Chapter 9: Lessons 9.1.1 and 9.1.2

Solving One-Variable Inequalities
GUIDED SKILL SUPPORT

Overview

One-variable inequalities can be solved by changing an inequality to an equation, then solving the equation. The
solution to the equation is called a “boundary point” and is plotted on a number line. This point separates the
number line into two regions. For situations involving > or <, the boundary point is included in the solution and
is represented with a solid circle. For situations involving strictly > or <, the boundary point is excluded from the
solution and is represented with an open circle.

Next, to determine the solution region on the number line, choose a test point from within each region separated
by the boundary point. Substitute each value into the inequality and check whether the resulting inequality is true
or false. If the inequality is true, then every number in that region is a solution to the inequality. Note that there
are an infinite number of solutions to an inequality. If it is false, then no number in that region is a solution to the
inequality.

For additional information, see the Methods & Meanings boxes in Lessons 9.1.1 and 9.1.3.
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Guided Skill Support

Examples

1. Solve the inequality 3x - (x + 2) > 0.

Change the inequality to an equation and solve.

3x-(x+2)=0
3x-x-2=0
2x-2=0

2x =2

x=1

Chapter 9: Lessons 9.1.1 and 9.1.2

Place the boundary point on the number line as a solid circle. The inequality symbol, >, indicates that

x = 11isincluded in the solution.

Choose two test points, one from each side of the boundary point, to substitute into the original

inequality. In this example, the test points x = 0 and x = 3 are used.

x=0 x=3
3Q+2)_U 35——(iv+2)_0
300-(0+2) > 3@)-@+2 =0
0-2>0 9-5>0
-2>0 4>0
false true

The solutionisx > 1.
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2, Solve the inequality —-x + 6 > x + 2.

Change the inequality to an equation and solve.

X+b6=x+2

-2x+6=2
-2x = -4
xX=2

Place the boundary point on the number line as an open circle. The inequality symbol, >, indicates
that x = 2 is not included in the solution.

-0

Choose two test points, one from each side of the boundary point, to substitute into the original
inequality. In this example, the test points x = 0 and x = 4 are used.

x=0 x =4
-X+b6>x+2 “X+b6>Xx+2
-0+6>0+2 b+ b6>4+2

6>72 2>6

true false

The solution is x < 2.
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3. Solve the inequalityx<%x+ 1.

Change the inequality to an equation and solve.

X=%X+1
3, _
4)(—1

4
X=3

Chapter 9: Lessons 9.1.1 and 9.1.2

Place the boundary point on the number line as an open circle. The inequality symbol, <, indicates

that x = % is not included in the solution.

Choose two test points, one from each side of the boundary point, to substitute into the original

inequality. In this example, the test points x = 0 and x = 2 are used.

The solution is x < %
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Guided Skill Support Chapter 9: Lessons 9.1.1 and 9.1.2

Practice

Solve each inequality.

1. bx-127 2. 2x-5<8 3. 3-2x<x+b

4 x>5 5. 3x+4)>12 6.  2x-7<5-4x
7. 3x+2<11 8.  4lx-6)>20 9.  x<2

10.  12-3x>2x+1 1. x-5<-3 12. 3(5-x)>7x-1
13. 3x-(x+2)<7 14, x+2<2 15, Ix-2> 2+ 1
Answers

1. xX>2 2. x<9 3. x> -1

4 x> 10 5 x>0 6 x<2

7 x<3 8 x> 11 9 x<8

0. x<7' M. x<14 12. x<1.6

13. x<9 14 x<-¢ 15. x<-
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Chapter 9: Lesson 9.1.3

Solving Absolute Value Equations and Inequalities
GUIDED SKILL SUPPORT

Overview

Absolute value is the numerical value of a number without its sign. The absolute value of a number represents the
distance on a number line between that number and 0.

To solve an equation with absolute value, use the Looking Inside strategy introduced in Chapter 3 to write two
separate equations, as the quantity inside the absolute value can be either positive or negative. Then solve each

equation.

One method to solve absolute value inequalities is to rewrite the inequality as an equation, then solve the equation
and place the solution(s) on a number line. The solutions are called boundary points, and they divide the number
line into regions. Test points are used to determine whether a region is part of the solution to the inequality.

Additional information on solving absolute value equations can be found in the Lesson 9.2.2 Methods & Meanings
box. For more on solving inequalities, reference the Lesson 9.1.3 Methods & Meanings box.
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Guided Skill Support Chapter 9: Lesson 9.1.3

Examples

1. Solve the absolute value equation.

|2x + 3 =11

Since |2x + 3] = 11, the “Looking Inside” method can be used to write two equations using the
expression 2x + 3 and the opposite of the expression —(2x + 3). With these two expressions, write new
equations and solve as shown.

|2x + 3l =11
2x+3=11 ~(2x+3) =11
-3 -3 2x+3=-11
2x=8 -3 -3
X=4 2x=-14

x=-7

Check the solutions by substituting the values into the original equation.

X=4 xX=-7
[2x + 3 =11 |2x + 3 =11
[2(4) + 3] = 11 [2(-7) + 3] = 11
[11] =11 =111 =11
1M1 =11 1M =11
true true
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Guided Skill Support Chapter 9: Lesson 9.1.3

2, Solve the absolute value inequality and represent the solution on a number line.

Ix-3l<5

Write the equation that corresponds to the inequality. Since |x - 3| = 5, the “Looking Inside” method
can be used to write two equations using the expression (x - 3) and the opposite of the expression
-(x - 3). With these two expressions, write new equations and solve as shown.

Ix-3]=5
x-3=5 -(x-3)=5
+3+3 x-3=-5
x=8 +3 +3

X==2

Place these points on a number line as closed circles since the inequality symbol, <, indicates the
boundary points are included in the solution.

*
-0
>

—4 0 4 8 12

Then, choose a point from each of the three regions created. Test the points in the original inequality.
For this example, the x-values of -3, 0, and 10 are used.

x=-3 x=0 x=10
Ix-3l<5 |£-3|55 Ix-3l<5
[-3-3l<5 l0-3l<5 10-3l<5
|6l <5 -3l <5 171 <5
6<5 3<5 7<5
false true false

Since one value yields a true inequality statement, there is one solution region for the absolute value
inequality. All the points in this region are solutions to the inequality.

Tt —t % —+——+—+—> x

—4 0 4 8 12

The solution is all numbers greater than or equal to -2 and less than or equal to 8, written as
-2<x<8.
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Guided Skill Support Chapter 9: Lesson 9.1.3

3. Solve the absolute value inequality and represent the solution on a number line.

3[2x+ 11 +1> 28

Write the equation that corresponds to the inequality, then rewrite it so the absolute value expression

is by itself on one side of the equation.

3[2x+ 11+1=28
312x + 1] = 27
[2x+ 11 =9

Since [2x + 1/ = 9, the “Looking Inside” method can be used to write two equations using the
expression (2x +1) and the opposite expression —(2x +1). With these two expressions, write new
equations and solve as shown.

|2x + 11 =9
2x+1=9 -(2x+1)=9
-1 2+ 1=-9
2x =8 -1 -1
X=4 2x=-10
x=-5

Place these points on a number line as open circles since the inequality symbol, >, indicates the
boundary points are not included in the solution.

Then, choose a point from each of the three regions created. Test the points in the original inequality.
For this example, the x-values of -6, 0, and 5 are used.

x=-6 x=0 x=5
3|2£+1|+1>28 3|2>i(+1|+1>28 3I2x+ 1+ 1> 28
3[2(-6) + 1| + 1> 28 312(0) + 11+ 1> 28 3[2(5) + 11+ 1> 28
3-111+1> 28 3111+ 1> 28 3111+ 1> 28
33+1>28 3+1>28 33+1>28
34> 28 4> 28 34> 28
true false true

Since two values yielded true inequality statements, there are two solution regions for the absolute
value inequality. All the points in these regions are solutions to the inequality.

X

| - 4 4 4 | 4 4 4 ;
<< y T t t t T t t t Q y y >

|
>
-8 —4 0 4 8

The solution is all numbers less than -5 or greater than 4, written as y < -5 ory > 4.
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Practice

Solve each absolute value equation.

1. Ix-2l=5

4, [3-2x|=7

2.

5.

[3x + 2] = 11

[2x + 3] = -7

Chapter 9: Lesson 9.1.3

3. [5-xI=9

6. l4x + 11 =10

Solve each absolute value inequality and represent the solution on a number line.

7. Ix+4l>7 8. IxXI-5<8 9. [x-5/<8
10. l4x-2/>38 1. [3xl <12 12. [1-3xl<13
13.  [2x-3]>15 14. |5x] > -15 15. 2|x-3l+6<-4
16. l4-xI<7 17. Ix-41 <0 18. [2x+11-2<-3
Answers
1 x=7o0r-3 2. x=30r—% 3 X =-b4orl4
4 x=-2o0rbH 5. no solution 6. x=%or %
7 x>3orx<-11
<€ i — i : : »—|> x
-15 -10 -5 0 5 10 15
8 -13<x<13
i : : : : : > x
-15 -10 -5 0 5 10 15
9 3<x<13
<“f——+—+—+— f——e : : f——t—t—+—> x
-15 -10 -5 0 5 10 15
3 5
10. X<-5orx>3
e —————————— ——> x
5 4 -3 -2 -1 0 1 2 4 5
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Chapter 9: Lesson 9.1.3

1. -4<x<4

i | : | — b x

-15 -10 -5 0 5 10 15
12 -h<x<i

I 0 l l l l l f——o—> x

-5 -4 -3 -1 0 2 3 4 5
13. x<-borx>9

<« ——rf F—— I ot > X

-15 -10 -5 0 5 10 15
14.  all real numbers

<y : : : : > x

-15 -10 -5 0 5 10 15
15, x>8orx<-2

<« l l I I l > x

-15 -10 -5 0 5 10 15
16. -3<d< 11

i — : : : > x

-15 -10 -5 0 5 10 15
17. x=4

f—————— } . } ——+—+—+—+——+—+—+—+F>x

-15 -10 -5 0 5 10 15
18. no solution

4} — I ' I - I ' I M R I — I‘X

-15 -10 -5 0 5 10 15
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Graphing Two-Variable Inequalities
GUIDED SKILL SUPPORT

Overview

Two-variable inequalities are graphed on a coordinate plane. To graph the solution region to a two-variable
inequality, first graph the corresponding equation. The graph of the equation is the boundary line (or curve), since
all points that make the inequality true lie on only one side of the line. If the inequality symbol is either < or >, then
the boundary line is included in the solution to the inequality, and it is drawn as a solid line. If the inequality symbol
Is either < or >, then the boundary line is not included in the solution to the inequality, and it is drawn as a dashed
line.

Next, as when solving one-variable inequalities, test points are used to determine which side of the boundary is
the solution region. The point (0, 0) is often a convenient point to use, but any point can be used as the test point
as long as it is not on the boundary. If the inequality is true for the test point, then shade the graph on this side of
the boundary. If the inequality is false for the test point, then shade the opposite side of the boundary. The solution
region represents all values that make the inequality true. There are an infinite number of solution points.

For additional information, see the Methods & Meanings box in Lesson 9.3.1.
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Guided Skill Support Chapter 9: Lessons 9.2.1 and 9.2.2

Examples

1. Graph the solutions to the inequality y > 3x - 2.

First, graph the line y = 3x - 2 using a dashed line since the inequality symbol, >, indicates that the
boundary line is not part of the solution. For example, the point (0, -2) is on the boundary line, and it is
not a solution to the inequality. When the point is substituted into the original inequality, it results in a

false inequality statement: -2 > 3(0) - 2.

Next, test a point that is not on the boundary line by substituting the point into the original inequality.
For this example, the point (-2, 4) is used.

(=2,14)

y>3x-2
4>3(-2)-2
4> -8

true

This is a true statement. Since the inequality is true for the test point, shade the region containing the
point (-2, 4). The shaded region represents all possible solutions to the inequality.
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2, Graph the solutions to the inequality y < x* - 2x - 8.

Graph the equation y = x* - 2x - 8 using a solid line since the inequality symbol, <, indicates that the
boundary is part of the solution.

>

Next, test a point that is not on the boundary by substituting the point into the original inequality. For

example, use the point (2, 2).
(2,2

y<x' -2x-8
2<(27-2(2)-8
2<-8

false

The inequality is false for the test point, which lies above the boundary. Therefore, the solution region
is the area below the boundary. Shade below the boundary.

>
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Guided Skill Support Chapter 9: Lessons 9.2.1 and 9.2.2

3. Graph the solutions to the inequality y < -Ix-4l.

Graph the equation y < -Ix - 4| using a dashed line since the inequality symbol, <, indicates that the
boundary is not part of the solution.

>

A

Next, test a point that is not on the boundary by substituting the point into the original inequality. For
example, use the point (0, 0).

(0,0
¥ < -lx -4l
0<-l0-4]
0<-4
false

The inequality is false for the test point, which lies above the boundary. Therefore, the solution region
is the area below the boundary. Shade below the boundary.

-
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4, Graph the solutions to the inequality y > 2(0.5)".

Graph the equation y = 2(0.5)" using a solid line since the inequality symbol, >, indicates that the
boundary is part of the solution.

Next, test a point that is not on the boundary by substituting the point into the original inequality. For
example, use the point (0, 0).

=S
E

L O O ox
vV IV IV IV
NN NN

e}
[
(o]

The inequality is false for the test point, which lies below the boundary. Therefore, the solution region
is the area above the boundary. Shade above the boundary.
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Practice

Chapter 9: Lessons 9.2.1 and 9.2.2

Graph the solutions to each of the following inequalities on a separate set of axes.

1. y<3x+1
4. y<-3x-5
7. y>%x+8

10. -4x+2y<3

13. y<4-¥

Answers

1. y

4. y
E T
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2.

y>-2x+3

N

3. y>bx-72
6.  y>0.20)
9. 3x+2y>7
12 y<0.4(02)

15. y>-Ixl+3

A

3. y
\
T
I > X { ; I >» X
vl
6. y
\
T A
—+—> x fet————+— > x
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10. y

Y
>

1.

13. y

14.
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12. y

. 7 > x «fe—t—
15. y
—+—+—> x X
v
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Chapter 9: Lessons 9.3.1 through 9.3.3

Systems of Inequalities
GUIDED SKILL SUPPORT

Overview

A system of inequalities is similar to a system of equations. They are graphed on a coordinate plane with two lines.
In a system of inequalities, these lines are referred to as boundary lines, and the solution includes an infinite
number of solutions, or points. A system of equations has none no, one, or infinitely many solutions.

Systems of inequalities can be graphed in a similar way to two-variable inequalities. First, graph the line of the
corresponding equation for each inequality, then use a test point from each region formed to identify and shade the
solution region. The overlap of the shaded regions from both inequalities represents the solution to the system of
inequalities.

Additional information can be found in the Lesson 9.4.2 Reflection Journal.

Examples
1. Graph the system of inequalities.
1
y<ox+2
2
y> —§x+1

Graph the lines y = %x +2andy-= —%x + 1. The first line is solid and the second is dashed.

Example continues on next page.
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1. Example continued from previous page.

Choose test points from each of the four regions created by the two lines. In this example, the points
(-5,0), (-4, 5), (3, 0), and (0, 0) are used. Substitute each point into both of the original inequalities. In
order for a point to be a solution, both inequalities must result in a true statement.

(-5,0 (-4, 5)

1 2 1 2
y$§X+2 y>—§x+1 y§§x+2 y>—§x+1
0< (-5 +2 0> -2(-5)+1 5 < H-4)+2 5> -2(-4) + 1
0<-1 0>13 5<0 5> 11
false false false true

(3,0 (0,0
. _2 1 _2
y<ox+ y > 3x+1 y§2x+2 y > 3x+1
0<1@)+2 0>-5(3) +1 0<50) +2 0>-2(0)+1
OSZ 0> -1 0<2 0>1
truez true true false

The point (3, 0) gave a true statement for both inequalities. Therefore, the region that includes this
point is the solution.
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2, Graph the system of inequalities.

y<-x+5
y>2x-1

Graph the lines y = -x + 5 and y = 2x - 1 with solid lines.

y=2x-1

Chapter 9: Lessons 9.3.1 through 9.3.3

y=-x+95

Choose test points from each of the four regions created by the two lines. In this example, the points

(0, 0), (0, 6), (6, 0), and (0, -2) are used. Substitute each point into both of the original inequalities. In

order for a point to be a solution, both inequalities must result in a true statement.

(0,0
y<-x+5 y>2x-1
0<-(0)+5 0>2(0) -1
0<5 0>-1
true true

(6,0
Y<-x+0 y>2x-1
0<-(6)+5 0>2(6) -1
0<-1 0>11
false false

Core Connections Integrated |

(0,6)

e

y<-x+5 y=2x-1
6<-(0)+5 6>2(0) -1
6<5 6>-1

false true

0,-2

)

y<-x+5 y>2x-1
-2<-(0)+5 -2>2(0)-1
-2<5 -2>-1

true false

Example continues on next page.

© CPM Educational Program. All rights reserved. 21



Guided Skill Support

2. Example continued from previous page.

The point (0, 0) gave a true statement for both inequalities. Therefore, the region that includes this
point is the solution.

Practice

Chapter 9: Lessons 9.3.1 through 9.3.3

Graph the solutions to each of the following pairs of inequalities on the same set of axes.

1. y>3x-4
y<-2x+5
3. y<-Jx+d
y<%x+3
5. y<3
y>%x+2
7. y<2x+1
y=3x-4
9. y<-x+6
yg%x—Z
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10.

y=-3x-6
y>bx -4

y<—%x—1

y>%x+1

x<3
y<%x—4

1
y<—§X+5

y>x+1

y>-x+4
y<x-1
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Answers
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7. 8.
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