Inequalities
This is one of a series of review packets to refresh Algebra 1 topics for the Geometry student preparing to move on to Algebra 2. Examples, practice problems, and solutions are included.
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Multiply by a Negative Number

: 2
Solve —Zp < —14.
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Study Tip

Common
Misconception

A negative sign in an
inequality does not
necessarily mean that
the direction of the
inequality should change.
For example, when solving
& > 3, donot change
the direction of the
inequality.




image9.png
| Dividing by a Positive Number

* Words If each side of a true inequality is divided by the same positive
number, the resulting inequality is also true.

* Symbols If a and b are any numbers and c is a positive number, the following
are true.

If a> b, then 2> b

b andifa<b, then2<b
<t

=

Dividing by a Negative Number

* Words If each side of a true inequality is divided by the same negative
number, the direction of the inequality symbol must be reversed so
that the resulting inequality is also true.

* Symbols If a and b are any numbers and c is a negative number, the following
are true.
b

Ifa>b,then2 <2 andifa<b, then2>5
c<¢ ]
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SOLVE INEQUALITIES BY DIVISION  Dividing each side of an inequality
by the same number is similar to multiplying each side of an equality by the same

number. Consider the inequality 6 < 15.

Divide each side by 3.
6 < 15
6+3_2 15+3

2 < 5

Divide each side by —3.
6 < 15
6+(=3)_2 15+ (-3)
-2 = -5

N

Since each side is divided by a
positive number, the direction of the
inequality symbol remains the same.

Since each side is divided by a
negative number, the direction of
the inequality symbol is reversed.
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INEQUALITIES CONTAINING AND A compound inequality containing and
is true only if both inequalities are true. Thus, the graph of a compound inequality
containing and is the h of the graphs of the two inequalities. In other
words, the solution must be a solution of both inequalities.

The intersection can be found by graphing each inequality and then determining
where the graphs overlap.

Graph an Intersection

: Craph the solution set of x < 3 and x = —2.

Graphx < 3. The solution set is
—5-4-3-2-1 012345 |X|*2£X<3).N0te

Graphx = —2. that the graph of x = —2
—5-4-3-2-1 012345 includes the point —2.

Find the intersection. ~ The graph of x <3
7574—3—%71 012 ? 45 does not include 3.
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Study Tip

Reading Math

When sohing problems

involving inequalites,

« within is meant to be
indlusive. Use = or =.

« between is meant to be
exdusive. Use < or >.
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[ZZLTE) Solve and Graph an Intersection
Solve —5 < x — 4 < 2. Then graph the solution set.
© First express —5 < x — 4 < 2 using and. Then solve each inequality.

—S5<x—4 and x—4<2
—S5+4<x-4+4 Xx—4+4<2+4
-1<x x<6

© The solution set is the intersection of the two graphs.

Graph —1 <xorx>—1.
~3-2-1 01234567
i i
Graphx < 6.

—3-2-101234567
1 1
|

Find the intersection.
—3-2-101234567

The solution set is {x| -1 < x < 6}.
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INEQUALITIES CONTAINING OR  Another type of compound inequality
contains the word or. A compound inequality containing or is true if one or more
of the inequalities is true. The graph of a compound inequality containing or is the
union of the graphs of the two inequalities. In other words, the solution of the
compound inequality is a solution of either inequality, not necessarily both.

The union can be found by graphing each inequality.
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Solve and Graph a Union

* Solve =3/t + 4 <19 or 7h — 3 > 18. Then graph the solution set.

—-3h+4<19 or 7h—3>18
—3h+4-4<19-4 7h—3+3>18+3
—3h <15 7h > 21
—3h 15 7h 21
373 777
h>-5 h=>3

The solution set is the union of the two graphs.

i prfefemeffefefmfeb- Graph h > 5.
767?74737271 012 Cli 4

= Graphh > 3.
—6-5-4-3-2-1 0 1 2 3 4
R ;

< eefefefmfefem- Find the union.
757?74737?71 012 fli 4

Notice that the graph of /> —5 contains every point in the graph of i > 3
So, the union is the graph of t > —5. The solution set is (i | > 5.
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I Half-Planes and Bounda

* Words Any line in the plane divides the plane into two regions called
half-planes. The line is called the boundary of each of the
two half-planes.

* Model

Half-Plane

Half-Plane
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Step 3 Select a point in one of the half-planes
and test it. Let’s use (0, 0).

y-2x=-4 Original inequality
0=20)-4 x=0y=0
0=-4 false

Since the statement is false, the half-plane containing
the origin is not part of the solution. Shade the other
half-plane.

CHECK Test a point in the other half plane, for example, (3, —3).

y-2r=-4 Original inequality
—3=23)—-4 x=3y=-3
-3=2 /

Since the statement is true, the half-plane containing (3, —3) should be shaded. The
graph of the solution is correct.
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Graph an Inequality

. Graphy —2v =< —4.

Step1 Solve for y in terms of x.
H y—2x=—4 Original inequality
¥ —2x +2x = —4+ 2x Add 2xto each side.

y=2x—4  simplify.

" Step2 Graphy = 2v — 4. Since y = 2¢ — 4 means y < 2x — dory = 2x — 4, the
H boundary is included in the solution set. The boundary should be drawn
as a solid line.
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12. a—6>-10
a—6+6>-10+6
a>—4
The solution set is {ala > —4}.

—76-5-4-3-2-1 0 123
13. —0.11=n — (—0.04)
—0.11=n +0.04
—0.11 — 0.04 = n + 0.04 — 0.04
—0156=n
—0.15 = n is the same as n =< —0.15.
The solution set is {n|n < —0.15}.

-2 01
14. 2.3 < g—(-2.1)
23<g+21
23-21<g+21-21
02<g

0.2 < gis the same as g > 0.2.
The solution set is {g|g > 0.2}.
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Solving Inequalities by Addition and Subtraction

Concept Summary

o If any number is added to each side of a true inequality, the resulting
inequality is also true.

o If any number is subtracted from each side of a true inequality,
the resulting inequality is also true.

Solve each inequality.

1 f+9=-23 2 v—-19>-16
f+9=-23 Original inequality v-19> -16 Original inequality
f+9-9=-23-9 Subtract. ©-19+19> 16 +19 Add.
f=-32 Simplify. v>3 simplify.
The solution set is {f|f = —32}. The solution set is {v|v > 3}.

Exercises Solve each inequality. Then check your solution, and graph it on a
number line.

9. ¢ +51>32 10. r+7>-5 1. w-14=23
12.a-6>-10 13, —011=n—(-004) 14. 23 <g— (-21)
15. 7Th<6h — 1 16. 5b > 4b +5

17. Define a variable, write an inequality, and solve the problem. Then check your
solution. Twenty-one is no less than the sum of a number and negative two.
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c+ 51> 32
c+51—-51>32-51
c>-19
The solution set is {c|c > —19}.

25 -8 21 9 A7 —15
r+7>-5
r+T-7T>-5-1
r>-12

The solution set is {r|r > —12}.
R e e
15 —13 -t

w-14=23
w-14+14=23+ 14

w =37

The solution set is {w|w = 37}.

35 36 37 38 39 40 41 42 43 44 45
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15. Th=6h—1
Th — 6h = 6h — 1 — 6h
h=-1
The solution set is {A|h = —1}.

—5-4-3-2-1 0123 45




image23.png
16. 5b > 4b+5
5b — 4b > 4b + 5 — 4b
b>5
The solution set is {b|b > 5}.

—=2-1 012345678
17. Let n = the number.

21=n+ (-2)

21=n-2
21+2=n-2+2

23=n

23 = nis the same as n = 23.
The solution set is {n|n = 23}.
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Solving Inequalities by Multiplication and Division

Concept Summary

o If each side of a true inequality is multiplied or divided by the same
positive number, the resulting inequality is also true.

o If each side of a true inequality is multiplied or divided by the same
negative number, the direction of the inequality must be reversed.

Solve each inequality.

_ 3
1 -14g=126 2 d<is
~14g=126  Original inequality %d <15  Original inequality
Mg 126 . 43 4 . 3
T8 =228 Diide and change = to (5) i< (5)15 Muliply each side by .
g=-9  simplify. d<20  Simplify.
The solution set is {g| g = —9). The solution set is {d |d < 20}.

Exercises Solve each inequality. Then check your solution.

18. 150 > 60 19. 12r=72 20, ~152=-75 21 -9m <99
b d 2 3
2 Ll 5 A>5 2 le>-2 2. 3p=-15

26. Define a variable, write an inequality, and solve the problem. Then check your
solution. Eighty percent of a mumber is greater than or equal to 24.
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18.

19.

20.

21.

15v > 60
1 60
15 15
v>4
The solution set is {v]v > 4}
12r=72

1 _m
12— 12
r=6
The solution set is {r|r = 6.
~152= -75
—15 _ -75
—15 — —15
=5
The solution set is {z|z = 5}.
—9m < 99
o
m> —11

The solution set is {m|m > —11}.
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b
L=
2*3

(-12)-% = (-12)3
b=—-36
The solution set is {b|b = —36}.

22.

23. 4> 5

(—183)=% < (-13)(=5)
d < 65
The solution set is {d|d < 65}.

24, Zw> -22
3\2 3
(e > G)2
w> -33
The solution set is {w|w > —33}.

2. Zp=-15
5\3 5
(e =)
p=-25
The solution set is {p|p = —25}.




image27.png
26. Let n = the number.
0.80n = 24

080n _ 24
080 = 0.80

n =30
The solution set is {n|n = 30}.
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Solving Multi-Step Inequalities

Concept Summary

o Multi-step inequalities can be solved by undoing the operations.

o Remember to reverse the inequality sign when multiplying or dividing
each side by a negative number.

* When solving equations that contain grouping symbols, first use the
Distributive Property to remove the grouping symbols.

Solve 4(n — 1) < 7n + 8.

An-1)<7n+8 Original inequality
dn—4<7n+8 Distibutive Property
dn—4—7n<Tn+8—7n Subtact7n from each side.
“Bn-4<8 Simplify.
Bn-4+4<8+4 Add 4 to each side.
<12 simplify.
Sn12 Divide each side by 3 and change < to >.
n>—4 Simplify.

The solution set is {n|n > —4}.
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Exercises Solve each inequality. Then check your solution.

. —4h+7>15 28. 5 6n>—19 20, 5x+3<3r+19

L 15b—12>7b+60 3L —5(q+12)<3g—4 32 7(g+8)<3(g+2)+4g
A+ Ly on A= o

c 3 - " 5

. Define a variable, write an inequality, and solve the problem. Then check your
solution. Tewo thirds of a number decreased by 27 is at least 9.
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27.

—4h +7 > 15
—4h+7-T7>15-17
—4h > 8
—ab _ 8
= <=
h<-2
The solution set is {h|h < —2}.
5—6n>-19
5—6n—-5>-19-5
—6n > —24
—6n _ —21
5 < "6
n<4
The solution set is {n|n < 4}.
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29.

—bx+3 < 3x+ 19
—bx + 3 + bx < 3x + 19 + bx
3 <8+ 19
3-19<8& +19-19
—16 < 8
—16
-
—2<x
—2 < xis the same as x > —2.
The solution set is {xlx > —2}.
15b — 12 > 7b + 60
15b — 12 —7b > 7b + 60 — Tb

8b — 12 > 60
8b— 12 + 12 > 60 + 12

8b > 172

8b 72

7%

b>9

The solution set is {b]b > 9}.
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31.

32.

—5(g +12) < 3¢ — 4
—5q — 60 < 3¢ — 4
—5q — 60 + 5g < 3¢ — 4 + 5q
—60 < 8g — 4
—60+4 <8 —4+4
—56 < 8¢
—56 _ 8q
S <%
-7<gq
—7 < gis the same as ¢ > —7.
The solution set is {g|g > —7}.
T(g+8) <3(g+2) +4g
Tg +56 < 3g+6+4g
Tg+56 <Tg+6
Tg+56—Tg<Tg+6—Tg
56 <6
Since the inequality results in a false statement,
the solution set is the empty set .
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2[1;» D,

(%)2(1; 2) = (2)4
x+2=6
x+2-2=6-2
x=4
The solution set is {x|x = 4}.

33.
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34.

35.

1-17n
1)

1— 7
(By—" > 5(10)
1-Tn> 50
1-Tn—-1>50-1
~n > 49
—n 49
= <=

n< -7
The solution set is {n|n < —7}.
Let n = the number.
n-27=9
Zn-2T+21=9+27

Zn =36

3\2. 3"
(3fn = 3)ps
n=54
The solution set is {nln = 54}.




image35.png
Solving Compound Inequalities

Concept Summary
 The solution of a compound inequality containing and is the intersection of
the graphs of the two inequalities.

« The solution of a compound inequality containing or is the union of the
graphs of the two inequalities.

Graph the solution set of each compound inequality.
1 x=-landx>3 2 x=8orx<2

321012345 1234567609
' i | i

e e
737271“12.55 1 34567 9

H & , Findthe et FiNd the

321012345 ntersection. 4 3 34567809

The solution set is [x|x > 3). The solution set is [x|x = 8).

Exercises Solve each compound inequality. Then graph the solution set.

36. —1<p+3<5 37. 3<2%k—-1<5 38. 3w +8<2or
w+12>2-w
39.a—-3=8or 40. m + 8 < 4and 41. 10 — 2y > 12 and

a+5=21 3-m<5 Ty<dy+9
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36. First express —1 < p + 3 < 5 using and.

—1<p+3 and p+3<5
-1-3<p+3-3 p+3-3<5-3
-4<p p <2

The solution set is the intersection of the two
graphs.

Graph —4 < porp > —4.

Graph p < 2.

Find the intersection.

—— e
5 4 3 2 -1 0 1 2 3 4 5
| |

5 -4 3 2 - 0 1 3 4 5
1 ]

5 -4 3 2 -1 0 1 2 3 4 5

The solution set is {p| —4 < p < 2}.
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Inequalities

=
¢ lessthan | ¢ greater than | * at most * at least

« fewer than | « more than * no more than | * no less than

* less than or * greater than
equal to or equal to
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37. First express —3 < 2k — 1 < 5 using and.
—3<2k—1 and 2%k—-1<5

-3+1<2k—-1+1 2k—1+1<5+1
-2 < 2k 2k < 6
-2 2k 2k 6
T <7 73
-1<k k<3

The solution set is the intersection of the two
graphs.

Graph —1 < kork > 1.

Graph & < 3.

Find the intersection.

-5 -4 -3 2 -1 0 1 2 3 4 5
] 1

-5 -4 -3 2 -1 0 1 2 3 4 5
] 1

5 -4 -3 2 -1 0 1 2 3 4 5
'

The solution set is {k| —1 < k < 3}.
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38.

3w+8<2 or w+12>2—-w
3w+8-8<2-8 w+l2+w>2-w+w
3w < —6 2w+ 12> 2
3w —6
F<3  w+12-12>2-12
w< -2 2w > —10
2w —10
ke
w> -5

The solution set is the union of the two graphs.
Graph w < —2. Graph w > —5.
Find the union.

e e
S48 201 2 3 4 s

-5 -4 -3 2 -1t 0 1 2 3 4 5
1 ]

-5 -4 -3 2 -1t 0 1 2 3 4 5
' '

The solution set is {w|w is a real number.}.
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39.

a—3=8 or a+5=21
a—-3+3=8+3 a+5-5=21-5
a=11 a=16

The solution set is the union of the two graphs.
Graph a = 11.

Graph a = 16.

Find the union.

9 10 11 12 13 14 15 16 17 18 19
] ]

9 10 11 12 13 14 15 16 17 18 19
] ]

10 11 12 13 14 15 16 17 18 19
' '

The solution set is {ala = 11 or a = 16}.
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40.

m+8<4 and 3-m<5
m+8-8<4-8 3-m-3<5-3

m < —4 -m <2
1)m) > (12

m > —2

The solution set is the intersection of the two
graphs.

Graph m < —4

Graph m > —2.

Find the intersection.

5 -4
|

5 -4 3 2 44 0

5 4 3

Since the graphs do not intersect, the solution set
is the empty set .
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41 10-2y>12 and Ty <4y+9
10-2y—10>12—-10 Ty—4dy<4dy+9—dy

-2y >2 3y <9
— 2 I _9
== 33
y<-1 y<3

The solution set is the intersection of the two
graphs.

Graphy < —1.

Graph y < 3.

Find the intersection.

5 4 3 2 -1 0 1 2 3 4 5

5 4 - 01 2 4 5
1
5 -4 0 3 4

The solution set is {yly < —1}.
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Graphing Inequalities in Two Variables
Concept Summary
o To graph an inequality in two variables:
Step1 Determine the boundary and draw a dashed or solid line.
Step 2 Select a test point. Test that point.
Step3 Shade the half-plane that contains the solution.

Graphy=x-2.

Since the boundary is included in the solution,
draw a solid line.

Test the point (0, 0).

0=-2  true
The half plane that contains (0, 0) should be shaded.
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Exercises Determine which ordered pairs are part of the solution set for each
inequality.

50. 3x + 2y <9,{(1,3),3,2),(-2,7), (-4, 11)}

515 y=4x{2 -5, (3,7), (1,6, (3,20}
523y =6-1x((-4,15),G,1), ,8), (-2,25))
53. ~2x <8 -y, (5,10),3,6), (~4,0), (-3,6))

Graph each inequality.

56.y-2c<-3 S5.x+2y=4 S6.ys=br+l  57.2-3y>6
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50. Use a table to substitute the x and y values of
each ordered pair into the inequality.

I N R LT

3(0) + 23) < 9

.. false
36) + 22) < 9

.. 1o ke

3(-2) +2(7) < 9

8<9

11 [3(-4) +2(11) < 9
F T

The ordered pair {(~2, 7)} is part of the solution
set.
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51. Use a table to substitute the x and y values of
each ordered pair into the inequality.

5~ (=5) = 4(2)

The ordered pairs {(2, —5), (~1, 6)} are part of
the solution set.
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52. Use a table to substitute the x and y values of
each ordered pajr into the inequality.

R N I s

The ordered pairs {(—4, 15), (5, 1)} are part of the
solution set.
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Addition Prop Inequalities

* Words If any number is added to each side of a true inequality, the resulting
inequality is also true.

* Symbols For all numbers a, b, and , the * Example 2<7
following are true. 2+6<7+6
1. Ifa>b,thena +c>b +c. 8<13

2. Ifa<b,thena+c<b+c
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53. Use a table to substitute the x and y values of
each ordered pair into the inequality.

I I M T

—2(-8) <8 — 6
6<2 false

The ordered pairs {(5, 10), (3, 6)} are part of the
solution set.
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54. Since the boundary is not included in the
solution, draw a dashed line.

Test the point (0, 0).

y—2c< -3
0-20) < -3
0< -3 false

The half plane that does not contain (0, 0) should
be shaded.

Y P

y-2=—-33
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55. Since the boundary is included in the solution,

draw a solid line.
Test the point (0, 0).

x+2y=4
0+20) =4

0=4 false

The half plane that does not contain (0, 0) should
be shaded.
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56. Since the boundary is included in the solution,
draw a solid line.
Test the point (0, 0).
y=br+1
0=50) +1
0=1 true
The half plane that contains (0, 0) should be
shaded.
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57. Since the boundary is not included in the
solution, draw a dashed line.

Test the point (0, 0).

26— 3y >6
2(0) — 3(0) > 6
0>6 false

The half plane that does not contain (0, 0) should
be shaded.
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Subtraction Property of Inequalities

* Words If any number is subtracted from each side of a true inequality, the
resulting inequality is also true.

* Symbols For all numbers a, b, and ¢, the * Example 17>8
following are true. /=5=6=5
1.Ifa>b,thena—c>b—c 12>3

2. Ifa<b,thena—c<b-c
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Multiplying by a Positive Number

* Words If each side of a true inequality is multiplied by the same positive
number, the resulting inequality is also true.

* Symbols If a and b are any numbers and c is a positive number, the following
are true.
If a > b, then ac > bc, and if a < b, then ac < bc.
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Multiply by a Positive Number

 Solve £ = 25. Then check your solution.

2=25  original inequality

(72 = (7)25 Muitiply each side by 7. Since we muitiplied by a positive
7= number, the inequality symbol stays the same.

b=175

CHECK To check this solution, substitute 175, a number less than 175, and a
H number greater than 175 into the inequality.

Letb =175. Let b = 140. Let b = 210.
7 i i Pin
25=25 / 20 £25 30=25 /

The solution set is {b|b = 175).
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Multiplying by a Negative Number

* Words If each side of a true inequality is multiplied by the same negative
number, the direction of the inequality symbol must be reversed so
that the resulting inequality is also true.

* Symbols If a and b are any numbers and c is a negative number, the following

are true.
If a > b, then ac < bc, and if a < b, then ac > bc.





