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Solving Linear
= Inequalities
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Lessons 6-1 through 6-3 Solve linear K ey Vocabular Y

inequalities. set-builder notation (p.319)
Lesson 6-4 Solve compound inequalities and compound inequality (p. 339)
graph their solution sets. intersection (p. 339)
Lesson 6-5 Solve absolute value equations and union (p. 340)
inequalities. ' o _ half-plane (p. 353)

Lesson 6-6 Graph inequalities in the coordinate

plane.

1y '1t’s Important

Inequalities are used io represent various real-world situations in
which a quantity must fall within a range of possible values. For
example, figure skaters and gymnasts frequently want to know
what they need to score to win a competition. That score can be
represented by an inequality. You will learn how a compelitor can
determine what score is needed fo win in Lesson 6-1.




Getting Started

Prerequisite Skills To be successful in this chapter, you'll need to master
these skills and be able to apply them in problem-solving situations. Review
these skills before beginning Chapter 6.

For Lessons 6-1 and 6-3 Solve Equations

Solve each equation. (For review, see Lessons 3-2, 3-4, and 3-5,
1. t+31-84 2. b-17=23 3. 18=27+f a.d-2=1
3. 3r—45=4r 6. 5m 1 7=4m 12 7. 3y +t4=16 8. 2 +5 3a=4

9. %fc —d=7 10. 436+ 1.8=825 11. 65 - 12 =2s +2)12. n —3 =" 2' L
For Lesson 6-5 Evaluate Absolute Values
Find each value. (For review, see Lesson 2-1.)

13. |-8| 14. |20] 15. | 30| 16. | 15]

17. |14 - 7| 18. |1 - 16| 19. |2 - 3] 20. |7 - 10]

For Lesson 6-6 Graph Equations with Two Variables
Graph each equation. (For review, see Lesson 4-5)
21.2x + 2y = 6 22. x —3y=-3 23 y=2x-3 24, y= -4

25. x = —y 26. 3x — 6= 2y 27 15=3(x +vy)  28. 2 - x =2y

FOLDABLES

Make this Foldable to record information about solving linear
Study Organizer inequalities. Begin with two sheets of notebook paper.

EZEl Fold and Cut EZX] Fold a New Paper and Cut

Fold ‘
" in half along the Fold 3
width. Cut along fold 2 in half along the
from edges to width. Cut along fold
margin. ‘ beiween margins.

Insert first sheet Label each page with ] T
through second sheet A a lesson number and phving Linear
and align folds. title. ol qullfwi

Reading and Writing As you read and study the chapter, fill the journal with notes,
diagrams, and examples of linear inequalities.
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Solving Inequalities by
Addition and Subtraction

Solve linear inequalities by using addition.

Solve linear inequalities by using’

subtraction.
USA TODAY Snapshots®
Vocabulary ' - . p
set-builder notation HOW e H_‘_equfi IIESUSE ; t,? Girls gear up for high school sports
describe school sports? High school girls are playing sports in recotd numbers, almost
2.7 million in the 1999-2000 school vear, Most popular girls
In the 1999-2000 school year, more sports by number of schools offering each program:
high schools offered girls’ track and v
field than girls’ volleyball.
14,587 > 13,426 16,526
) Basketball
1f 20 schools added girls” track and y 14,587
field and 20 schools added girls’ w mLﬂg_fw
s ] 13,426
volleyball the next school year, there \;blleyball 11009 1277
would still be more schools offering Cross
girls’ track and field than schools fotry
offering girls’ volleyball.
14587 + 20 7 13,426 + 20
Sourme: National Federaton of State Hizh School Associations.
1 4,6{)7 = 13_,446 By Ellen L Hoi'row and Alsjanilm Gonzalez, USA TDDAY.
Study Ti SOLVE INEQUALITIES BY ADDITION Recall that statements with greater
yus than (>), less than (<), greater than or equal to (=), or less than or equal to (=) are
Look Back inequalities. The sports application illustrates the Addition Property of Inequalities.
To review inequalities,
L 1-3.
i ey Concept Addition Property of 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 2iac]
following are true. 2+6<7+6
1. fa>b,thena + c>b + ¢ 8<13

2. fa<bh thena tc<b+ c

This property is also true when > and < are replaced with = and =.

Solve by Adding

Solve t — 45 = 13. Then check your solution.

t—45=13 Original inequality
t—45 + 45=13 + 45 Add 45 to each side.
=58 This means all numbers less than or equal to 58.
CHECK Substitute 58, a number less than 58, and a number greater than 58.
L;etr:5§. Lett:SQ. Lett:'ﬁg.
58 -45=13 50 — 45 =13 60 — 45 <13
13=13 / 5=13 / 15+ 13

The solution is the set {all numbers less than or equal to 58}.
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Study Tip

Reading Math

{t}¢ = 58} is read the set
of all numbers t such
that t is less than or
equal to 58.

The solution of the inequality in Example 1 was expressed as a set. A more
concise way of writing a solution set is to use set-builder notation. The solution
in set-builder notation is {t | f = 58}.

The solution to Example 1 can also be represented on a number line.

= fommmn} e s sy —— ————
) )
y? 48 49 50 51 52 53 B4 65 H6 57 B8NS9 60 61 62 63

v [} 1 [} 1 1
i

The heavy arrow pointing to the The dot at 58 shows
left shows that the inequality that 58 is included in
includes all numbers less than 58. the inequality.

Graph the Solution

Solve 7 < x — 4. Then graph it on a number line.
T<x-4 oOriginal inequality
74+4<x—-4 14 Add4toeachside
1l <x Simplify.

Since 11 < x is the same as x > 11, the solution set is {x | x> 11}

[l | 1 | | [l | 1 ] ! | ai 1 1 \ ) I T

T T T T T T T T | T | i ' " i 5~
g 1 2 3 4 5 B 7 9 12 13 14 15 V

The circle at 11 shows J kﬂxe heavy arrow pointing to the right

that 11 is not included | | shows that the inequality includes all
in the inequality. numbers greater than 11.

SOLVE INEQUALITIES BY SUBTRACTION Subtraction can also be used to

solve inequalities.

Key Concept Subtraction Property of Inequalities

e 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 c, the = Example 17 =8
following are true. 17 -5>8 -5
1. Ifa>b,thena —c>b —c. 12=3
2. Ifa<b,thena —¢c<b —c

This property is also true when > and < are replaced with = and =.

dolve by Subtracting

Solve 19 + r = 16. Then graph the solution.
19 + r=16 Original inequality
19+ r - 19=16 - 1Y Subtract 19 from each side.
r=—-3 Simplify.
The solution set is {r|r = —3}.

[l 1 1 | 1 P 1 [} 1 I [} 1 [} il I 1
= ¥ 1 I I 1 - U U i i U i U i i U

1
-8 =7 -6 =5 -4 -3 -2 -1 0 1 2 3 4 5 6 T 8
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Terms with variables can also be subtracted from each side to solve inequalities.

Variables on Both Sides

Solve 5p + 7 > 6p. Then graph the solution.

S5p+7>6p Original inequality
Sp -+ 7 — 5p>6p — 5p Subtract 5p from each side.
7>=p Simplify.

Since 7 > p is the same as p < 7, the solution set is {p| p < 7).

| | i | | | 1 i I i | | | | | | |
- " l " | i ) i ' L T T T T T T T

-2 =1 0 1 2 38 4 5 6 7 & 9 10 11 12 13 714

Verbal problems containing phrases like greater than or less than can often be
solved by using inequalities. The following chart shows some other phrases that
indicate inequalities.

Inequalities

=
* |ess than * greater than | * at most * at least
+ fewer than [ = more than * no mare than | = no lessthan

* |ess than or s greater than
equal to or equal to

Write and Solve an Inequality

More About Write an inequality for the sentence below. Then solve the inequality.
Four times a number is no more than three times that number plus eight.
; G E Four times is no three times
, SR STTeaw anumber  more than that number  plus  eight.
\ “' a’ \ F B N ol i rl 3
, i ; 41 = 3n oL o]
Y TN, /
1 dn=3n1+8 Original inequality
A 3n=3n+ 8 — 3u Subtract 31 from each side.
F n=8 Simplify.
Yulia Barsukova of the i The solution set is {n |n=8].
Russian Federation won :
the gold medal in
rhythmic gymnastics

ememe o (CILIKY Write an Inequality to Solve a Problem

Yulia Raskina of Belarus ~:..... OLYMPICS Yulia Raskina scored a total of 39.548 points in the four events of
won the silver medal. rhythmic gymnastics. Yulia Barsukova scored 9.883 in the rope competition, 9.900
Sompee: W OMTEICDE in the hoop competition, and 9.916 in the ball competition. How many points

did Barsukova need to score in the ribbon competition to surpass Raskina and
win the gold medal?

Words Barsukova’s total must be greater than Raskina’s total.

Variable  Let r — Barsukova’s score in the ribbon competition.

Barsukova's total is greater than Raskina's total,
N o ™ " L 4
Inequality 9.883 + 9.900 + 9.916 + r > 39.548
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Solve the inequality.

9.883 + 9.900 + 9.916 + r > 39.548 Original inequality
29.699 + r > 39.548 Simplify.
29.699 + r 294699 > 39548  29.699  subtract 29.692 from each side.
r> 9,849 simplify.

Barsukova needed to score more than 9.849 points to win the gold medal.

Check for Understanding

éoncapf Check 1. OPEN ENDED List three inequalities that are equivalent to y < -3,
2. Compare and contrast the graphs of 1 < 4 and « = 4.
3. Explain what {b |b = —5} means.

Cauided Practice 4. Which graph represents the solution of m + 3 > 72
a, : : 1 L 5]," I | | | b'

I L
1 (i T LI
01 2 & 4 5 & 7 8 61 2 3

r_r1$: : :
3 4

1
1
5 6 7 8

} |
01 2 3

Solve each inequality. Then check your solution, and graph it on a number line.
5. 0+4<2 6. 9=0b+4 T =T=58
8 y—-25=>81 9, 52r + 6.7 =6.2r 10. 7p=6p — 2

Define a variable, write an inequality, and solve each problem. Then check your
solution.

11. A number decreased by 8 is at most 14.
12. A number plus 7 is greater than 2.
Application 13. HEALTH Chapa’s doctor recommended that she limit her fat intake to no more
than 60 grams per day. This morning, she ate two breakfast bars with 3 grams of

tat each. For lunch she ate pizza with 21 grams of fat. It she follows her doctor’s
advice, how many grams of fat can she have during the rest of the day?

Practice and Apply

Homework H&lp Match each inequality with its corresponding graph.
For See o 2 1 L 1 i i | | 1 i
Exercises ‘ Examples 14, x G=2 a. T T T T+ { T T T =
14-30 ¢ 1-4 -4 -3 =2 =1 0 1 2 3 4
478 5 15.x +7=6 b. | R — D ——— :
L 4 3 =2 -1 0 1 2 3 4
Exira Practice 16. 4x >3x — 1 € ety ||
See page 833. -4 -3 -2 -1 0 1 2 3 4
T% B wed A At
-4 =3 -2 -1 0 1 2 3 4
18.5=x+6 L TP T o e e e e
-4 -3 -2 =1 0 1 2 3 14

19.x-1>0 f o+ +

-4 -3 -2 -1 0 1 2 3 4
{E* www.algebral.com/self_check_quiz Lesson 6-1 Solving Inequalities by Addition and Subtraction 321
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More Aboul.

5{0[097 ..

One common species of
bees is the honeybee. A
honeybee colony may have
60,000 to 80,000 bees,
Source: Penn State, Cooperative
Extersion Service
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Solve each inequality. Then check your solution, and graph it on a number line.

20.
23,
26.
29,
32.

35.

38.

39.

t+14=18 2. d+5=7 2. n—7< -3

g — @ 24, 5<3+4 g 25. 4>8 +r

=83=g4 -7 27. 2=m — 1 28. 2y> -8 +y
F<-3+2f 30. 3b=2h -5 31 dw=3w+ 1
v—(-4)>3 33. a — (-2)= - 34. 023<h - (-0.13)
X 17=23 6.0+ 5>y 37. p-2=3

If d + 5= 17, then complete each inequality.

ad=_2 b.d+ _?2 =20 e.d—5=_2

It z — 2 = 10, then complete each inequality.

az=_? biz—_ 2 =35 c zt4=_?

Define a variable, write an inequality, and solve each problem. Then check your

solution.

40. The sum of a number and 13 is at least 27.

41. Anumber decreased by 5 is less than 33.

42. Thirty is no greater than the sum of a number and —8.

43, Twice a number is more than the sum of that number and 14.

44, The sum of two numbers is at most 18, and one of the numbers is —7.

45, Four times a number is less than or equal to the sum of three times the number
and —2.

46. BIOLOGY Adult Nile crocadiles weigh up to 2200 pounds. If a young Nile

47.

51.

52.

crocodile weighs 157 pounds, how many pounds might it be expected to gain in
its lifetime?

ASTRONOMY There are at least 200 billion stars in the Milky Way. 1f 1100 of
these stars can be seen in a rural area without the aid of a telescope, how many
stars in the galaxy cannot be seen in this way?

. BIOLOGY There are 3500 species of bees and more than 600,000 species of

insects. How many species of insects are not bees?

. BANKING City Bank requires a minimum balance of $1500 to maintain free

checking services. If Mr. Hayashi knows he must write checks for $1300 and
$947, how much money should he have in his account before w riting the

checks?

. GEOMETRY The length of the base of the triangle at the

right is less than the height of the triangle. What are the
possible values of x?

=4+ xin
f— 12.—4

SHOPPING Terrell has $65 to spend at the mall. He bought a T-shirt for
$18 and a belt for $14. If Terrell still wants to buy a pair of jeans, how much
can he spend on the jeans?

SOCCER The Centerville High School soccer team plays 18 games in the
season. The team has a goal of winning at least 60% of its games. After the first
three weeks of the season, the team has won 4 games. How many more games
must the team win to meet their goal?

4 I )



53. CRITICAL THINKING Determine whether each statement is always, sometimes, or
never true.

a. Ifa<bandc<d, thenag +c<b+ d.
b. ta<bandc<d, thena +c=b + d.
c. fa<bandc<d thena ~-c=0- d.

HEALTH For Exercises 54 and 55, use the following information.
Hector’s doctor told him that his cholesterol level should be below 200. Hector's
cholesterol is 225.

54. Let p represent the number of points Hector should lower his cholesterol. Write
an inequality with 225 — p on one side.

55. Solve the inequality.

56. WEMLZRONVNY Answer the question that was posed at the beginning of
the lesson.

How are inequalities used to describe school sports?
Include the following in your answer:

* an inequality describing the number of schools needed to add girls’ track and
field so that the number is greater than the number of schools currently
participating in girls” basketball.

Standardized  57. Which inequality is not equivalent to x = 12?2

\ Test Practice @ x-7=5 (@Dxrid=16 ©x-1=13 @O 12=x
- TR T b

58. Which statement is modeled by 11 + 6 = 5?
@ The sum of a number and six is at least five.
The sum of a number and six is at most five.
(© The sum of a number and six is greater than five.
The sum of a number and six is no greater than five,

Maintain Your Skills

Mixed Review 59. Would a scatter plot for the relationship of a person’s height to the person’s
grade on the last math test show a positive, negative, or no correlation?  (Lesson 5-7)

Write an equation in slope-intercept form of the line that passes through the
given point and is parallel to the graph of each equation. (lesson 5-6)
60. (1, -3)y =3x - 2 61. (0, 4);x+y= -3 62. (~1,2);2x ~y=1

Find the next two terms in each sequence. (Lesson 4-8)
63. 7,13, 19, 25, ... 64. 243,81,27.9, ... 65..3,6,12, 24, ...

Solve each equation if the domain is {—1, 3, 5}. (Lesson 4-4)
66. ¥ = —2x 67, y=7—-=x 68. 2x —y =06

(reffing Feady for PREREQUISITE SKILL Solve each equation.
fh& Ngxf Lgsson (For review of multiplication and division equations, see Lesson 3-3.)
2

69. 63 = 42 70. § = 14 71 Sy = 14 72. 3m = 435
L, 4. 530 — a 3
7. Zx=28 7. 53g=1118 7. g==7 76. 8p - 35
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Algebra Activity

“ A Preview of Lesson 6-2

Solving Inequalities

You can use algebra tiles to solve inequalities.

Solve —2x = 6.
ETEl Model the inequality. EZ¥E] Remove zero pairs.

Use a self-adhesive note to cover Since you do not want to solve for a
the equals sign on the equation negative x tile, eliminate the negative
mat. Then write a8 = symbol on the x tiles by adding 2 positive x tiles to
note. Model the inequality. : each side. Remova the zero pairs.

(me

-

—9x=6 —2x+2x=6+2x

EZE] Remove zero pairs. ETTEY Group the files,

Add 6 negative 1 tiles to each side to isolate [ Separate the tiles into 2 gl’nups.]
the x tiles. Remove the zero pairs.

(EEE | [\ Em)
B E @@= (B EE )
o

—J=xorx=-—3

—6=2x

Model and Analyze

Use algebra tiles to solve each inequality.

1. —4x<12 2, 2x>8 3. 3x=-6 4. 5x=-5
5. In Exercises 1-4, is the coefficient of x in each inequality positive or negative?

6. Compare the inequality symbols and locations of the variable in Exercises 1-4 with those in
their solutions, What do you find?

7. Model the solution for 2x = 6. What do you find? How is this different from solving —2x = 6?
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Solving Inequalities by
Multiplication and Division

Solve linear inequalities by using multiplication,

Solve linear inequalities by using division.

Isabel Franco is a landscape architect. To beautity a garden, she plans to build a
decorative wall of either bricks or blocks. Each brick is 3 inches high, and each
block is 12 inches high. Notice that 3 < 12.

A wall 4 bricks high would be lower than a wall 4 blocks high.
3xd4_7 12x4
12<48

SOLVE INEQUALITIES BY MULTIPLICATION If each side of an inequality

is multiplied by a positive number, the inequality remains true.

8 > 5 5 < 9
8(2) 2 B(2) Multiply each side by 2. 5(4) _? 9(4) Muliply each side by 4.
16 = 10 20 < 36

This is nof true when multiplying by negative numbers.

5 = 3 -6 < 8
5(-2) _2 3(-2) Multiplyeachsideby -2. —6(-5)_2 8&(-5) Multiply each side by —5.
-10 = -6 30 = —40

If each side of an inequality is multiplied by a negative number, the direction of the
inequality symbol changes. These examples illustrate the Multiplication Property
of Inequalities.

Multiplying by a Positive Number

e 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.

Lesson 6-2 Solving Inequalities by Multiplication and Division 325
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Key Concept 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.

This property also holds for inequalities involving = and =.

You can use this property to solve inequalities.

Multiply by a Positive Number

Solve g = 25. Then check your solution.

=

=25 Original inequality

(-7}1_1 = (7)25 Multiply each side by 7. Since we multiplied by a positive
7 number, the inequality symbol stays the same.

bh =175

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

Let b = 175, Let b — 140, Letb - 210.
1;3%25 %ézs %ézs
25>25 J 20 # 25 30=25 /

The solution set is {b | b = 175}.

Study Tip Multiply by a Negative Number

Lommon Solve — %p < —14.
Misconceplion
A negative sign in an ,%’,J < —14 Original inequality

inequality does not

necessarily mean that f_BY 2N (5 inl i -3 and <to =,
e ) _j( 5 p) |3 |(—14)  Multiply each side by —> and change < to

inequality should change. p=>235 The solution set is {p | p > 35}

For example, when solving

X~ _3, do not change

6 . " s

ik LAY Write and Solve an Inequality

inequality. Write an inequality for the sentence below. Then solve the inequality.

Omne fourth of a number is less than —7.

One fourth of a number s less than 7.
i ot o
1 # " < 7
1 )
i < =7 Original inequality
i

(4}1” < (4)(—7) Multiply each side by 4 and do not change the inequality's direction.

n< -28 The solution set is {1 | n < —28}.
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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. Divide each side by —3.
6 < 15 6 < 15
b9, & $5+3 6+(=3) 2 15= (=3}
2oL ‘5\ =2 \5
Since each side is divided by a Since each side is divided by a
positive number, the direction of the negative number, the direction of
inequality symbol remains the same. the inequality symbol is reversed.

These examples illustrate the Division Property of Inequalities.

Key Concept 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.

e Symbols If 2 and b are any numbers and c is a positive number, the following
are true.

Ifa>b,‘then%>% and ifa{b,‘then%<%

Dividing by a Neqgative 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.

e Symbols 1f a and b are any numbers and c is a negative number, the following
are true,
b

Ifa> b, then 2 < % andif a<b, then 2> 2.

This property also holds for inequalities involving = and =.

Divide by a Positive Number

Solve 14k > 91.

14/ > 91  original inequality

141 s 9l Divide each side by 14 and do not change the
14 14 direction of the inequality sign.

h =65
CHECK Leth - 65. Leth = 7. Leth = 6.
14h = 91 14h =91 14h = 91
14(6.5) % 91 14(7) £ 91 14(6) % 91
91 # 91 98>91 84 % 91

The solution set is (k| h > 6.5).

Since dividing is the same as multiplying by the reciprocal, there are two methods
to solve an inequality that involve multiplication.
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Divide by a Negative Number
Solve —5¢ = 275 using two methods.
Method 1 Divide.
—5t =275 oOriginal inequality

_5: = 27? Divide each side by —5 and change = to =.

3 3

t= —55 Simplify.

Method 2 Multiply by the multiplicative inverse.

—5t =275 Original inequality
= _i (=58 = | - ,l 1275 Multiply each side by —-;— and change = to =,
F=-355 Simplify.

The solution set is {t |t = — 55).

You can use the Multiplication Property and the Division Property for Inequalities
to solve standardized test questions.

Standardized The Word “nof’

Test Practice " :
Daigghiagsce sl Multiple-Choice Test [tem

Which inequality does ot have the solution {y | ¥=-5
® 7y=35 =10 ©L=7 @

i |
IV
|

Read the Test Item
You want to find the inequality that does not have the solution set {y ly= -5}

' = \ Solve the Test [tem

C Princeton Consider each possible choice.

Review ® -7y=35 2y =10
Test-Taking Tip 7y _ 3 v _ 10
Always look for the word B 2 - 3
not in the questions. This =_5 = 5
indicates that you are Y ¢ Y i
looking for the one - y_ 5
incorrect answer, rather @ B = @ — = i
than looking for the one By i W a
correct answer. The word 2y = (2(=7) (—4) —L) = (-4
not is usually in italics or (7)3 (7) )( 5] =04
uppercase letters to draw y=-5 y=-5 /
your attantion to it. B

The answer is C.

Check for Understanding

Concept Check 1. Explain why you can use either the Multiplication Property of Inequalities or the
Division Property of Inequalities to solve —7r = 28.

2. OPEN ENDED Write a problem that can be represented by the inequality %C =9,

328 Chapter 6 Solving Linear Inequalities
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3. FIND THE ERROR llonia and Zachary are solving —9b = 18.

llonia Zachary
-gb< 18 ~b< 18
b, 1B = . 18
~g = -g —4 —9
bz -2z b =2

Who is correct? Explain your reasoning.

Gauided Practice 4. Which statement is represented by 7n = 142
a. Seven times a number is at least 14.
b. Seven times a number is greater than 14.
¢. Seven Himes a number is at most 14.
d. Seven times a number is less than 14,

5. Which inequality represents five times a number is less than 257

a. 5n>25 b. 51 =25 c. 5n <25 d. 5n=25
Solve each inequality, Then check your solution.
6. —15¢>75 7. +<-12 8. —2b=-9 9. 25(=9

Define a variable, write an inequality, and solve each problem. Then check your
solution.

10. The opposite of four times a number is more than 12.
11. Half of a number is at least 26.

Standardized  12. Which inequality does ot have the solution {x | x > 4}2

Test Practice y ; — 4 g
s e ot @ —5x<-20 6x < 24 x>z D —x<-3
Practice and Apply
Homework Help Match each inequality with its corresponding statement.
E“l;u‘:ss Ex::;,; 13. %ﬂ =10 a. Five times a number is less than or equal to ten.
g:ﬁ ? 14. 51 = 10 b. One fifth of a number is no less than ten.
19-38 1 1,245 15. 51 > 10 ¢. Five times a number is less than ten.
45-51 i 6§ - ) ;
16. —-5n1 <10 d. One fifth of a number is greater than ten.
Exira Practice 17. Ln=10 e. Five times a number is greater than ten.
See page 833. B
18. 51 < 10 f. Negative five times a number is less than ten.
Solve each inequality. Then check your solution.
19. 6g =144 20. 7t > 84 21. —14d=84 22. —l6z< -64
nt b e _F o _a
23. 527 24, wSS 25. 7 < 7 26. 1_J>9
S5,= 2 3= g 2,
27, 2y= ~15 28. 50 <6 29. —34=-33  80. —gp>10
31. 25w <68 32, —0.8s>064 33. — > 14 34. B = 5
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35,
36.
37.

38.

Solve —Z > % Then graph the solution.

8
Solve % = % Then graph the solution.
If 2a = 7, then complete each inequality.
aa=_7 b. “da= 2?2 ¢ ? a=-21
If 4t < -2, then complete each inequality.
a. t< 7 b. -8t>_2 o _? t>14

Define a variable, write an inequality, and solve each problem. Then check your
solution.

39.
40,
41.
42.
43.
44,

45,

46,

Dr. Harry Wegeforth 50.

founded the San Diego

Zoo in 1916 with just

50 animals. Today, the :

z00 has over 3800 animals. :..s 51
Source: www sandiegozoo.org

52,

53.

49,

Seven times a number is greater than 285.

Negative seven times a number is at least 14.

Twenty-four is at most a third of a number.

Two thirds of a number is less than —15.

Twenty-five percent of a number is greater than or equal to 90.
Forty percent of a number is less than or equal to 45.

GEOMETRY The area of a rectangle is less than 85 square feet. The length of
the rectangle is 20 feet. What is the width of the rectangle?

FUND-RAISING The Middletown Marching Mustangs want to make at least
$2000 on their annual mulch sale. The band makes $2.50 on each bag of mulch
that is sold. How many bags of mulch should the band sell?

LONG-DISTANCE COSTS Juan's long-distance phone company charges him

9¢ for each minute or any part of a minute. He wants to call his friend, but he
does not want to spend more than $2.50 on the call. How long can he talk to his
friend?

EVENT PLANNING The Country Corner Reception Hall does not charge a
rental fee as long as at least $4000 is spent on food. Shaniqua is planning a class
reunion. If she has chosen a buffet that costs $28.95 per person, how many
people must attend the reunion to avoid a rental fee for the hall?

LANDSCAPING Matthew is planning a circular flower garden with a low fence
around the border. If he can use up to 38 feet of fence, what radius can he use
for the garden? (Hint: C = 2wr)

DRIVING Average speed is calculated by dividing distance by time. If the
speed limit 011 the interstate is 65 miles per hour, how far can a person travel

legally in l-— hours?

. ZOOS The yearly membership to the San Diego Zoo for a family with 2 adults

and 2 children is $144. The regular admission to the zoo is $18 for each adult
and $8 for each child. How many times should such a family plan to visit the
z00 in a year k0 make a membership less expensive than paying regular
admission?

CRITICAL THINKING  Give a counterexample to show that each statement is not
always true.

a. Ifa = b, then a® > b, b. Ifa < band ¢ < d, then ac < bd.

CITY PLANNING The city of Santa Clarita requires that a parking lot can have
no more than 20% of the parking spaces limited to compact cars. It a certain
parking lot has 35 spaces for compact cars, how many spaces must the lot have
to conform to the code?
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54. CIVICS For a candidate to run for a county office, he or she must submit a
petition with at least 6000 signatures of registered voters. Usually only 85% of
the signatures are valic. How many signatures should a candidate seek on a
petition?

55. WUEHIDZREN Answer the question that was posed at the beginning of

the lesson.

Why are inequalities important in landscaping?
Include the following in your answer:
¢ an inequality representing a brick wall that can be no higher than 4 feet, and
¢ an explanation of how to solve the inequality.

. Standardized  56. The solution set for which inequality is ot represented by the following graph?
Test Practice ;

s i e R e e
e dln e s —‘:!)—IB—EI"—(IS—E— —3-2-1012 345674829
@ =1 s==1 © 9x=45 25x= 125
- g T
57. Solve—8r<:.15.
16 16 16 _ 16
® [~ %] fe<ie) @l @<

Maintain Your Skills |

Mixed Eeview Solve each inequality. Then check your solution, and graph it on a number line.
(Lesson 5-1)

58.5s —7<12 59. g +3= 4 60. 7>n+2
61. Draw a scatter plot that shows a positive correlation. (Lesson 57

Write an equation in standard form for a line that passes through each pair of
points. (Lesson 5-4)

62. (—1,3),(2,4) 63, (5, -2),(-1,-2) 64. (3,3),(-1,2)
If hix) = 3x + 2, find each value. [Lesson 4-6)
65. fi(—4) 66. h(2) 67. h(w) 68. h(r — 6)
Solve each proportion. (Lesson 3-6)
69. 5 = 70, 1= =32 7 217 72, &=L
Gretting RPeady for PREREQUISITE SKILL Solve each equation.
fh& Next Lesspn  (To review multi-step equations, see Lessons 3-4 and 3-5.)
73. 5x —3=232 74. 4 +9 =14 75. 6y — 1 =4y + 23
76.M:9 77. Ba+6=% - (7a +18) 78. 2(p — 4 =7(p + 3)

6

[Practice Quiz 1 Lessons -1 and (-2

Solve each inequality. Then check your solution, and graph it on a number line. (Lesson 6-1)

1L.h-16>-13 2r+3=-1 3.4=p+9 4. 3<a-5 5. 7¢g=6g — 1
Solve each inequality. Then check your solution. (Lesson 6-2)
6. 15z = 105 g2y 8. —%q >15 9. ~156<12r  10. —%w = ‘]E
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Solving Multi-Step Inequalities

Solve linear inequalities involving more than one operation.

Solve linear inequalities involving the Distributive Property.

How  are linear inequalities used in science?

The boiling point of a substance is the
temperature at which the element changes

from a hqund to a gas. The boiling point of
chlorine is —31°F. That means chlorine will

be a gas for all temperatures greater than - 31°F.
If F represents temperature in degrees Fahrenheit,
the inequality F > - 31 represents [he {femperalures

ll:lt'l_i;orir'we-

for which chlorine is a gas. | bromine

If C represents degrees Celsius, then F = —C + 32 I --V_m_er

You can solve—C + 32 > —31 to find %he Q‘f‘{'“j
temperatures m degmes Celsius for which Source: World Baok Enaycmpedm

chlorine is a gas.

SOLVE MULTI-STEP INEQUALITIES The inequality %C +32 > =31

involves more than one operation. It can be solved by undoing the operations
in the same way you would solve an equation with more than one operation.

Solve a Real-World Problem

SCIENCE Find the temperatures in degrees Celsius for which chlorine is a gas.

?—,C + 32> 31 Original inequality
%C +32 32> -31 32 subtract 32 from each side,
%C > —63 simplify.
% I( 63)  Multiply each side by ;
C= 35 simplify.

Chlorine will be a gas for all temperatures greater than — 35°C.

When working with inequalities, do not forget to reverse the inequality sign
whenever you multiply or divide each side by a negative number.

Inequality Involving a Negative Coefficient

Solve —7b + 19 < —16. Then check your solution.

~7b+19< -16 Original inequality
—7b+19 - 19 < —16 — 19 subtract 19 from each side.
—7h < —-35 Simplify.
_77b > _3?5 Divide each side by —7 and change < to >.
b>5 Simplify.
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CHECK To check this solution, substitute 5, a number less than 5, and a number
greater than 5.

Letbh = 5. Leth = 4, Leth = 6.
—7b+ 19< -16 ~Jb+ 19 < —16 ~7h + 19 < —16
%5 +19 £ —16 74) +19 < 16 _7(6) + 19 16
35419 ~16 8+ 19< 16 0+19% 16
16 <16 D ~16 ~Pe =16

The solution set is {b|b > 5.

Write and Solve an Inequality

Write an inequality for the sentence below. Then solve the inequality.
‘Three times a number minus eighteen is at least five times the number plus

twenty-one.,
Three times is at five times twenty
[ nuinberj mi?us eighteen -..Ifﬂita the numbey  plus _one.
3n = 18 = 51 + 21
3n—18=5n + 21 Original inequality
3n—18 51 =51 +21 51 Subtract 5n from each side.
-2n - 18 =21 Simplify.
—2n—18 1 18=21 | 18 Add 18 to each side.
—2n =39 Simplify.
- zﬂn = 3": Divide each side by —2 and change =to =.
n=-195 simplify.

The solution set is {1 \ n= -19.5}.

A graphing calculator can be used to solve inequalities.

{r‘ Graphing Calculator Investigation
8 Solving Inequalities

You can find the solution of an inequality

in one variable by using a graphing calculator.
On a TI-83 Plus, clear the Y — list. Enter

6x +9 < —4x + 29 as Y1. (The symbol

< is item 5 on the TEST menu.)

Press GRAPH].

[10, 10] sel: 1 by [10, 10] sel: 1

Think and Discuss
1. Describe what is shown on the screen.

2. Use the TRACE function to scan the values along the graph. What do you
notice about the values of y on the graph?

3. Solve the inequality algebraically. How does your solution compare to the
\ pattern you noticed in Exercise 2?

J
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SOLVE INEQUALITIES INVOLVING THE DISTRIBUTIVE PROPERTY
When solving equations that contain grouping symbols, first use the Distributive
Property to remove the grouping symbols.

Distributive Property

Solve 3d — 2(8d —9) >3 — (2d + 7).
3d —2(81 -9N>3 - (24 +7) Original inequality
3 —-16d +18>3 - 24 -7 Distributive Property

~13d + 18> —2d — 4 Combine like terms.
=13d + 18 + 13d > —2d —4 + 1% Add 13d to each side.
18=>11d 4 Simplify.
18+4=>11d -4 + 4 Add 4 to each side.
22 > 11d Simplify.
'ﬁ = 111 f Divide each side by 11.
2>4 Simplify.

Since 2 > d is the same as d < 2, the solution set is {d |d< 2L

If solving an inequality results in a statement that is always true, the solution is all
real numbers. If solving an inequality results in a statement that is never true, the
solution is the empty set (4. The empty set has no members.

Emply e

Solve 8(t+2) — 3(t — 4) <5(t - 7) + 8.
B(t+2) -3t —4)<5(t—7)+8 orginal inequality
8+ 16 —3t+12<5t-35+8 Distributive Property
5t + 28 <Bt — 27 Combine like terms.
5t +28 51 <5t — 27 - 5 Subtract 5t from each side.
28 < 27 This statement is false.

Since the inequality results in a false statement, the solution set is the empty set ¢/,

Check for Understanding

Concept Check 1. Compare and contrast the method used to solve —5h + 6 = —7 and the method
used to solve 5k + 6= 7.

2. OPEN ENDED Write a multi-step inequality with the solution graphed below.

1 1 1 1 1 1 L 2 1 1 1 1 1 1 1
l l i 1 1 1 J g i i | B 0 } il i

87 6-5-48-2-1 0 1 2 3 4 5 6 7 8
(Gruided Prdcetice 3. Justify each indicated step.
3a—-7)+9=21
3u—-21+9=21 a. _?
Ja—12=21
3-12+12=21+12 b._2
3a=133
30 _ 33

?
e . = .

a=11
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Solve each inequality. Then check your solution.
4 —4y-23<19 5. 2r+9=>-3 6. 7b+ 11> 9 — 13
7. —5(g+4)>3(g-4) B.3+5t=3(t+1)-42-1

9. Define a variable, write an inequality, and solve the problem below. Then check

vour solution.
Seven minus two times a number is less than three times the number plus thirty-two.

Appf ication 10. SALES A salesperson is paid $22,000 a year plus 5% of the amount of sales
made. What is the amount of sales needed to have an annual income greater
than $35,0007

Practice and Apply

Homework Help Justify each indicated step.
Fi ! See 2. N 15 — 2m
Exeroc{ses  Examples 11. 5l + 7=-9 12. A
A ZOPES, DI SR - I ST (—.’:’n)m«i(—.’i)Lzﬂ a._?
15-34 | 2,45 5 == = Hi— =3 ===
=My 2 %w = 16 —3m <15 — 2m
39-5 § ] 5 :
FEAD 5 5 “3m+2m<15 2m+2m b._2
Exira Practice (E)Ew = (E)( =i Gt —m <15
L R w= 40 (- 1)(-m)> (- 1)15 o
m=>—15

13, Solve 4(t — 7) = 2(t + 9). Show each step and justify vour work.
14. Solve —5(k +4) > 3(k — 4). Show each step and justify your work.

Solve each inequality. Then check your solution.

15, —3t+6=<-3 16, —5 - 8f>59 17. -2-4<23

18. ¢ - 13> -6 19. 79— 1+25=29 20. 82 +2 — 100 =20
21 9 +15=24 +10r 2 1Bk-1U>7+37 2. T 2=7

2. #1890 L 26. 218 <3

27. 7+ 3t=2(t + 3) — 2(~1 — ) 28. 5(2h — 6) — 7(h + 7) > 4h

20. 3y +4>2y +3) +y 30. 3 - 3(b—2) <13 — 3(b — 6)
31 31v - 14=130 + 67 32. 0.3(d — 2) — 0.8d > 44

33. Solve 4(y + 1) — 3(y — 5) = 3(y — 1). Then graph the solution.
34. Solve 5(x +4) — 2(x + 6) = 5(x + 1) — 1. Then graph the solution.

Define a variable, write an inequality, and solve each problem. Then check your
solution.

35. One eighth of a number decreased by five is at least thirty.
36. Two thirds of a number plus eight is greater than twelve.

37. Negative four times a number plus nine is no more than the number minus
twenty-one.

38. Three times the sum of a number and seven is greater than five times the
number less thirteen,
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GEOMETRY For Exercises 39 and 40, use the following information.
By definition, the measure of any acute angle is less than 90 degrees. Suppose the
measure of an acute angle is 3z — 15.

39. Write an incquality to represent the situation.
40. Solve the inequality.

SCHOOL For Exercises 41 and 42, use the following information.

Carmen’s scores on three math tests were 91, 95, and 88. The fourth and final test
of the grading period is tomorrow. She needs an average (mean) of at least 92 to
receive an A for the grading period.

41, If s is her score on the fourth test, write an inequality to represent the situation.
42. If Carmen wants an A in math, what must she score on the test?

= PHYSICAL SCIENCE For Exercises 43 and 44, use the information at the left and
the information below.
The melting point for an element is the temperature where the element changes
from a solid to a liquid. I C represents degrees Celsius and F represents degrees

5(F — 32 '

Fahrenheit, then C = %

43. Write an inequality that can be used to find the temperatures in degrees

Fahrenheit for which mercury is a solid.

More Aboul

. i 44, For what temperatures will mercury be a solid?

: 45. HEALTH Keith weighs 200 pounds. He wants to weigh less than 175 pounds. If
Phy{,jm[ Science e he can lose an average of 2 pounds per week on a certain diet, how long should

e b L o b g - ot 2
Mercury is a metal that is a he stay on his diet to reach his goal weight?

liquid at room temperature.
In fact, its melting point is 16
—38°C. Mercury is used in
thermometers because it
expands evenly as it is
heated.

Source: World Book Fncyclopedia

. CRITICAL THINKING Write a multi-step inequality that has no solution and one
that has infinitely many solutions.

47. PERSONAL FINANCES Nicholas wants to order a pizza. He has a total of
$13.00 to pay the delivery person. The pizza costs $7.50 plus $1.25 per topping.
If he plans to tip 15% of the total cost of the pizza, how many toppings can he
order?

LABOR For Exercises 48-50, use the following information.
A union worker made $500 per week. His union sought a one-year contract and
went on strike. Once the new contract was approved, it provided for a 4% raise.

48. Assume that the worker was not paid during the strike. Given his raise in salary,
how many weeks could he strike and still make at least as much for the next 52
weeks as he would have made without a strike?

49. How would your answer to Exercise 48 change if the worker had been making
$600 per week?

50. How would your answer to Exercise 48 change if the worker’s union provided
him with $150 per week during the strike?

51. NUMBER THEORY Find all sets of two consecutive positive odd integers
whose sum is no greater than 18.

52. NUMBER THEORY Find all sets of three consecutive positive even integers
whose sum is less than 40.
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53. WEMLZRONNYSI Answer the question that was posed at the beginning of
the lesson.

How are linear inequalities used in science?

Include the following in your answer:

e an inequality for the temperatures in degrees Celsius for which bromine
is a gas, and

* a description of a situation in which a scientist might use an inequality.

Standardized  54. What is the first step in solving % =13?
:gf’fif@;ﬁg_ 4 Add 5 to each side. Subtract 5 from each side.
B e (© Divide each side by 9. (@ Multiply each side by 9.
55. Solve 4f + 2 < 8t — (6 — 10).
@ {t|t< -6 ® {t|t> -6} @ {tlt<4 @ {tlt>a

1 Giraphing  Use a graphing calculator to solve each inequality.
UM Calculator 56 3x +7>4x +9 57. 13x — 11=7x +37 58 2(x — 3)<3(2x + 2)

Maintain Your Skills

Mixed [Peview 59. BUSINESS The charge per mile for a compact rental car at Great Deal Rentals is
$(1.12, Mrs. Ludlow must rent a car for a business trip. She has a budget of $50
for mileage charges. How many miles can she travel without going over her
budget? (Lesson 6-2)

Solve each inequality. Then check your solution, and graph it on a number line.
(Lesson 6-1)

60. d +13=22 61. t —5<3 62. 4>y +7

Write the standard form of an equation of the line that passes through the given
point and has the given slope. (Lesson 5-5)

63. (1, ~3),m =2 64, (—2,—1),m= —% 65. (3,6),m =0

Determine the slope of the line that passes through each pair of points. (Lesson 5-1)
66. (3, -1),(4, —6) 67. (-2, —4),(1,3) 68. (0,3),(-2, -5)

Determine whether each equation is a linear equation. If an equation is linear,
rewrite it in the form Ax + By = C. (Lesson 4-5)

69. 4x = 7 + 2y 70. 22—y =7 W.x=12

Solve each equation. Then check your solution. (Lessen 3-5)
72. 2(x 2)=3x  (4x 5) 73,5t =7 =t 3

émﬁr‘ng ?—Md'{ _fOl‘ PREREQUISITE SKILL Graph each set of numbers on a number line.
fhe N&Xf L&550ﬂ (To review graphing integers on a number line, see Lesson 2-1,)

74. (-2, 3, 5} 75. {-1,0,3, 4} 76. (-5, -4, -1,1}
77. {integers less than 5} 78. {integers greater than —2}
79. |integers between 1 and 6} 80. {integers between 4 and 2}

81. [integers greater than or equal to —4}
82. {integers less than 6 but greater than —1}
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Reading Mathematics

Compound Statements

Two simple statements connected by the words and or or form a compound statement.
Before you can determine whether a compound statement is true or false, you must
understand what the words and and or mean. Consider the statement below.

A triangle has three sides, and a hexagon has five sides.

For'a compound statement connected by the word and to be true,
both simple statements must be true. In this case, it is true that a
triangle has three sides. However, it is false that a hexagon has five
sides; it has six. Thus, the compound statement is false.

A compound statement connected by the word or may be exclusive
or inclusive. For example, the statement “With your dinner, you may
have soup or salad,” is exclusive. In everyday language, or means
one or the other, but not both. However, in mathematics, or is
inclusive. Tt means one or the other or both. Consider the statement
below.

A triangle has three sides, or a hexagon has five sides.

For a compound statement connected by the word or to be true, at
least one of the simple statements must be true. Since it is true that
a triangle has three sides, the compound statement is true.

Reading to Learn

Determine whether each compound statement is frue or false. Explain your
answer.

1. A hexagon has six sides, or an octagon has seven sides.
2. An octagon has eight sides, and a pentagon has six sides.
3. A pentagon has five sides, anud a hexagon has six sides.
4. A triangle has four sides, or an octagon does rot have seven sides.
5. A pentagon has three sides, or an octagon has ten sides.
6. A square has four sides, or a hexagon has six sides.
7.5<4o0r8<6
8. -1>0and1<5
9. 4>0and -4 <0

10. 0=00r -2> -3

11. 5+#50r—-1>—4

12. 0>3and2 > -2
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Vocabulary

compound inequality
infersection
union

Study Tip

Reading Math

The statement

41,350 = ¢ < 41,400 can
be read 41,350 is less
than or equal to ¢, which
is less than 41,400.

Solving Compound
Inequalities

Whdt You'll Learn

Solve compound inequalities containing the word and and graph their solution sets.

Solve _C(Jmpeund inequa]i_ﬁes containing the word or and graph their solution sets.

How @ are compound inequalities used in tax tables?

Richard Kelley is completing his income tax return. He uses the table to
determine the amount he owes in federal income tax.

ok

- 2000 Tax Tables
If taxable income is—

Married Married Head of
Atleast | Lessthan filing Jointly | filing separately | a household

41,000 | 41,050 8140 6154 8689 6996
41,050 | 41,100 8154 6161 8703 7010
41,100 | 41,150 8168 6169 8717 7024
41,150 | 41,200 8182 6176 8731 7038
41,200 | 41,250 8196 6184 8754 7052
41,250 | 41,300 8210 6191 8759 7066
41,300 | 41,350 8224 6199 8773 7080
41,350 | 41,400 8238 6206 8787 7094
41,400 | 41,450 8252 6214 8801 7108
41,450 41,500 B266 6221 8815 7122
41,500 41,550 8280 6229 8829 7136 /
41,550 | 41,600 | B294 62355_:_‘8343 7150 @
2 » -
Source; IRS v - v y

Let ¢ represent the amount of Mr. Kelley’s income. His income is at least $41,350
and it is less than $41,400. This can be written as ¢ = 41,350 and ¢ < 41,400,
When considered together, these two inequalities form a compound inequality.
This compound inequality can be written without using aind in two ways.

41,350 = ¢ <= 41,400 or 41,400 > ¢ = 41,350

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 intersection 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 Infersection

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

fmfembeffifenth| = Graph x < 3. The solution set is
—5-4-3-2-1 012 34 5 x| -2 = x < 3}. Note
oot Graph x = —2. that the graph of x = —2
—5-4-8-2-1 012345 includes the point —2.
s —| Find the intersection. The g"raph ofx<3
—5—4—3— 01 4 5 does not include 3.

-
|
2
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Study Tip

R-eading Math

When solving problems

involving inequalities,

= within is meant to be
inclusive. Use = or =,

* between is meant to be
exclusive, Use < ar =,

Career Choices

Pilots check aviation
weather forecasts to
choose a route and altitude
that will provide the
smoothest flight.

B online Research
For information about
a career as a pilot, visit:
www.algebral.com/
careers

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.

—-5<x—4 and x—4<2
—-5+d4<x—4+4 x—4+d<2+4
-1 <% <6

The solution set is the intersection of the two graphs.

N RN L—%}b#+;lll.—;*.- Graph =1 <xorx > —1.

SR R e

—3—2'—'|| 012345 ? Fi
i 1
<t Graph x < 6
—3—2—} 012345 fli 7
] (]
L e Find the intersection.
—3—2—'[1 012345 (;'} Fi

The solution set is {x| —1<x<6}

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.

ZE Y Write and Graph a Compound Inequalily
=+ AVIATION An airplane is experiencing heavy turbulence while flying at

30,000 feet. The control tower tells the pilot that he should increase his altitude
to at least 33,000 feet or decrease his altitude to no more than 26,000 feet to
avoid the turbulence. Write and graph a compound inequality that describes
the altitude at which the airplane should fly.

Words The pilot has been told to fly at an altitude of at least 33,000 feet
or no more than 26,000 feet.
Variables Leta be the plane’s altitude.
The P%ane's is at 33,000 l_i'te is No 26,000
altitude Ef_sf feet or altitude more than feet.
Inequality a = 33000 or a = 26,000

Now, graph the solution set.

— ple  Graph a = 33,000.

— 1
25,000, 30,000 | 35000

1 ]

) )
~f—+—+—+—— t : Graph @ = 26,000.
25,[]]]: 30,000 : 35,000

1 ]
e e e T Find the union.
25,0001 30,000 ! 35,000

a = 33,000 or a = 26,000
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Solve and Graph a Union

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

-3h +4<19 or 7h -3 >18
-3h+4-4<19 -4 7Th-3+3>18+3
—3h <15 7h > 21
—3h 15 7h 21
= E R
h= -5 h=>3
The solution set is the union of the two graphs.
:itf‘Ji ==t :f: Y=  Graph h > —5.
-6—5-4-3-2-1 01 2 3 4
b= Graph h > 3.
—6—5—4-3-2—1 01 2 3 4
I I
bbbl Find the union.
—6—5-4-3~2—1 0 1 2 3 4

Notice that the graph of i > 5 contains every point in the graph of 1 > 3.
So, the union is the graph ot k > —5. The solution set is {h |h > —5}.

Check for Understanding

Concept Check 1. Describe the difference between a compound inequality containing s and a
compound inequality containing or.

2. Write 7 is less than t, which is less than 12 as a compound inequality.

3. OPEN ENDED Give an example of a compound inequality containing and that
has no solution.

(auided Prdctice Graph the solution set of each compound inequality.
4, a=6anda= -2 5 y>1Rory <9

Write a compound inequality for each graph.

6. = ———— T, iy ——p—_—
—§—4-3-2-1 012 3 45 =3=2-1 01234567

Solve each compound inequality. Then graph the solution set.

8. 6<w+ 3and w + 3 < 11 9. n1—-7=< -S5o0orn-7=1

10. 3z + 1< 130rz=1 1., 8<x—4=<-3

12. Define a variable, write a compound inequality, and solve the following
problem. Then check your solution.
Three times a number minus 7 is less than 17 and greater than 5.

Application 13. PHYSICAL SCIENCE  According to Hooke’s
Law, the force F in pounds required to T
stretch a certain spring x inches beyond its WA= Natural length
natural length is given by F = 4.5x. If forces
between 20 and 30 pounds, inclusive, are
applied to the spring, what will be the
range of the increased lengths of the

stretched spring? - __,:

Stretched
X inches
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Practice and Apply

Homework Help Graph the solution set of each compound inequality.

Exe!:rz{mésxasr:;hs 14. x >5andx =9 15. s < —7ands =<0 16. r<<6orr=>6
14-27 i 1 17. m=—4dorm =6 18. 7 =d < 11 19. —1=¢<3
-85 § 2,4
4%6-48 | 3 Write a compound inequality for each graph.

Extra Practice 20, —f——— bl 21, ittt
oy ~5-4-3-2-10 12345 ~10-9-8—7—-6-5-4-3-2—1 0
22, e e 23. 1 % J
9 1011121314 15161718 19 —10-9-8-7-6-5-4-3-2-1 0
24, b b bl 25, ——t
~g§-8-7-b6-5-4-3-2-1 0 1 1012345 6T7TE8S8
26. WEATHER The Fujita Scale
(F-scale) is the official classification
system for tornado damage. One
factor used to classify a tornado is
wind speed. Use the intormation in (
the table to write an inequality for _——
the range of wind speeds of an F-Scale - 3
{

F3 tornado. Number

27. BIOLOGY Each type of fish thrives
in a specific range of temperatures.
The optimum temperatures for
sharks range from 18°C to 22°C,
inclusive. Write an inequality to
represent temperatures where
sharks will nof thrive.

; 3-1 h
F2  |113-157 mph
F3  [158-206 mph
F4 | 207-260 mph
F5 [261-318 mph

Solve each compound inequality. Then graph the solution set.

28. k+2>12andk + 2= 18 29. f I 8=3andf | 9= 4

30. d - 4>30rd —4=1 3. h-10< -2lorh+3<L2
32. 3<2x-3<15 33.4<2y-2<10

34, 3-7>5and2t +6<12 35. 8>5-3yand 5 — 3¢ > -13
36, 1+x=30r x= 4 37 s +1l =130rSBn=—12
38. 2p —2=4p-8=3p-3 39. 3g+12=6+g=3¢ - 18
40. 4¢ <2c —10or —3c < —12 41, 05b > -6or3b + 16 < -8+ b

Define a variable, write an inequality, and solve each problem, Then check
your solution.

42. Eight less than a number is no more than 14 and no less than 5.

43. The sum of 3 times a number and 4 is between —8 and 10.

44. The product of —5 and a number is greater than 35 or less than 10.

45. One halt a number is greater than 0 and less than or equal to 1.

46, HEALTH About 20% of the time vou sleep is spent in rapid eye movement

(REM) sleep, which is associated with dreaming, If an adult sleeps 7 to 8 hours,
how much time is spent in REM sleep?

47. SHOPPING A store is offering a $30 mail-in rebate on all color printers. Luisana
is looking at different color printers that range in price from $175 to $260. How
much can she expect to spend after the mail-in rebate?
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48. FUND-RAISING Rashid is selling

chocolates for his school’s fund-raiser, He Sales (§)  Prize

can earn prizes depending on how much 0-25 A }
he sells. So far, he has sold $70 worth of 26-60 B
chocolates. How much more does he 61-120 C

need to sell to earn a prize in category D? 121-180
180+

49. CRITICAL THINKING Write a compound inequality that represents the values
of x which make the following expressions fulse.

a x<5orx>8§ b.x=6andx=1

HEARING For Exercises 50-52, use the following information.
Humans hear sounds with sound waves within the 20 to 20,000 hertz range.
Dogs hear sounds in the 15 to 50,000 hertz range.

50. Write a compound inequality for the hearing range of humans and one for the
hearing range of dogs.
51. What is the union of the two graphs? the intersection?

52. Write an inequality or inequalities for the range of sounds that dogs can hear,
but humans cannot.

53. RESEARCH Use the Internet or other resource to find the altitudes in miles
of the layers of Earth’s atmosphere, troposphere, stratosphere, mesosphere,
thermosphere, and exosphere. Write inequalities for the range of altitudes for
each layer.

54. WEHHOERNRGEEI Answer the question that was posed at the beginning
of the lesson.

How are compound inequalities used in tax tables?
Include the following in your answer:

e a description of the intervals used in the tax table shown at the beginning
of the lesson, and

o a compound inequality describing the income of a head of a household
paying $7024 in taxes.

Standardized  55. Ten pounds of fresh tomatoes make between 10 and 15 cups of cooked tomatoes.

Test Practice How many cups does one pound of tomatoes make?
" b D > (A between 1 and 1% cups between 1 and 5 cups
@© between 2 and 3 cups @ between 2 and 4 cups
56. Solve -7 <x +2 <4,
-5<x<6b @® -9<x<2
© -5<zx<2 @ 9<xr<6

Graphing  57. SOLVE COMPOUND INEQUALITIES  In Lesson 6-3, you learned how to use a
Lalculator graphing calculator to find the values of x that make a given inequality true.
You can also use this method to test compound inequalities. The words and
and vor can be found in the LOGIC submenu of the TEST menu of a TI-83 Plus. Use
this method to solve each of the following compound inequalities using your

graphing calculator.
ax+4< 2orx+4>3 b.x-3=5andx+6=4
{ ‘!, / vmuw.aigebraT .comfseif_che-:k_quiz Lesson 6-4 Solving Compound Inequalities 343
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Maintain Your Skills

Mixed Feview 58. FUND-RAISING A university is running a drive to raise money. A corporation
has promised to match 40% of whatever the university can raise from other
sources. How much must the school raise from other sources to have a total
of at least $800,000 after the corporation’s donation?  (Lesson 6-3)

Solve each inequality. Then check your solution. (Lesson 6-2)
59. 184 = 90 60. —70 <91 Bl 34 B 62. —3b>9

Solve. Assume that y varies directly as x. (Lesson 5-2)
63. Ify = 8whenx = 3, find x when y = 6.
64. If y = 2.5 whenx = (.5, find ¥ when x = 20.

Express the relation shown in each mapping as a set of ordered pairs. Then state
the domain, range, and inverse, (Lesson 4-3)

65. X Y 66. X 3
- |
- e

Find the odds of each outcome if a die is rolled. (Lesson 2-6)
68. a number greater than 2 69. nota3

67. X i

Find each product. (Lesson 2-3)

70. f%( %) 71, 100(4.7) 72. —%(g)(—%)

&sfﬁng F-ﬁadf fO!’ PREREQUISITE SKILL TFind each value. (7o review absolute value, see Lesson 2-1.)

the Next Lesson 73. |-7| 74. | 10| 75. | 1] 76. | -35|
77. |12 - 6| 78. |5 - 9] 79. |20 — 21| 80. |3 - 18]
Practice Quiz 2 Lessons -7 and (-4
Solve each inequality. Then check your solution. (Lesson 6-3
1. 5 4b> —23 -21%”+3z—5
3. 3t +6)<9 4. 9x +2>20
5. 2mF5=<dm—1 ﬁ.adm%m

Solve each compound inequality. Then graph the solution set. (Lesson 6-4)
7.x=2<7andx +2>5 8.2b+5=-lorb-4= -4
9. &m 5>7ordm 5< 9 10. ¢« 4<landa +2>1
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Study Tip

Look Back
To review absolute value,
see Lesson 2-1.

Solving Open Sentences
Involving Absolute Value

W dlf Youw'll Learn

Solve absolute value equations.

Solve absolute value inequalities.

How  is absolute value used in election polls?

Voters in Hamilton will vote on a new tax levy in the next election. A poll
conducted before the election found that 47% of the voters surveyed were for
the tax levy, 45% were against the tax levy, and 8% were undecided. The poll
has a 3-point margin of error.

Tax Levy Poll

&=
=]

[
=]

Voters in Hamilton (%)
L]
=

BALLOTS

—
=

8%
For Apainst  Undecided

The margin of error means that the result may be 3 percentage points higher or
lower. So, the number of people in favor of the tax levy may be as high as 50%
or as low as 44%. This can be written as an inequality using absolute value.

|-x - 47 ‘ =3 The difference between the actual number and 47 is within 3 points.

ABSOLUTE VALUE EQUATIONS There are three types of open sentences

that can involve absolute value.
|x| =n |x| <n |x| >n

Consider the case of | x| =n | x| = 5 means the distance between 0 and « is 5 units.

i Sunis Sunis |
1 1

—$-—5—4—3-2—1 012 34568
If |x| =5, then x = —5or x = 5. The solution set is {5, 5.

When solving equations that involve absolute value, there are two cases to
consider.

Case1 The value inside the absolute value symbols is positive.

Case 2 The value inside the absolute value symbols is negative.

Equations involving absolute value can be solved by graphing them on a number
line or by writing them as a compound sentence and solving it.
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Z2IAS Solve an Absolute Value Equation
Solve |a — 4| =3.
Method 1 Graphing

|# — 4| = 3 means that the distance between a and 4 is 3 units. To find # on the
number line, start at 4 and move 3 units in either direction.
i 3units |3unis - ; :
:"Lu—“'= The distance from 4 to 1 is 3 units.

——+—+—4—= The distance from 4 to 7 is 3 units.
012345678

The solution set is {1, 7}.

5hldf 'ﬁp Method 2 Compound Sentence

Absolute Value Write |# — 4| =3asq—4=30ra— 4= —3.

Recall that |a| =3

meansg = 3 or —a = 3, Case 1 Case 2

The sa.acond equation can f—4=3 §—d=_3

be written as g = -3 s ;
So, la—4| =3 i—4+4=31+4 Add4 toeach side. a—4+4=-314 Add4 toeach side.
meansa — 4 = 3 or a=7 Simplify. a=1 Simplify.

—f@ — 4) = 3. These can 3 ;

TR e The solution set is {1, 7}.

org—4=-3,

Write an Absolute Value Equation

Write an equation involving absolute value for the graph.

Find the point that is the same distance from 3 as the distance from 9.
The midpoint between 3 and 9 is 6.

1 _3units | 3unils |
'l_'__un_s.____'{ The distance from 6 to 3 is 3 units.
The distance from 6 to 9 is 3 units.

123456789101

So, an equation is |:x — 6| =3

CHECK Substitute 3and 9into |x — 6| = 3.
lx-6|l =3 |x-6]=3
3-6/23 [9-6|23

|-3| 23 |3l 23
3=3 J 3=3

ABSOLUTE VALUE INEQUALITIES Consider the inequality | x| < n.

| x| < 5 means that the distance from 0 to x is less than 5 units.
5 units 5 units

¥ S

o
1
4
=
5

i !
¥ T
o 6

!
o
|
o
|
(=}
|
M
4
=
e S
N -
o =

Therefore, x = —5 and x < 5. The solution set is {x| -5 <x < 5L
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The Algebra Activity explores an inequality of the form |,\| < 1.

!‘ Algebra Activity

Absolute Value

s Collect the Data
+ Work in pairs. One person is the timekeeper.

+ Start timing. The other person tells the timekeeper to stop timing after
he or she thinks that one minute has elapsed.

+ Write down the time in seconds.
» Switch places. Make a table that includes the results of the entire class.

Analyze the Data
1. Determine the error by subtracting 60 seconds from each student’s time.
2. What does a negative error represent? a positive error?

3. The absolute error is the absolute value of the error. Since absolute value
cannot be negative, the absolute error is positive. If the absolute error is
6 seconds, write two possibilities for a student's estimated time of one
minute.

4, What estimates would have an absolute error less than 6 seconds?

5. Graph the responses and highlight all values such that |60 — x| < 6.
How many guesses were within 6 seconds?

\. J

When solving inequalities of the form [x| <, find the intersection of these
two cases.

Case1 The value inside the absolute value symbols is less than the positive value
of n.

Case 2 The value inside the absolute value symbols is greater than the negative
value of 1.

Solve an Absolute Value Inequality (<)

Less Than Solve |t + 5| < 9. Then graph the solution set.
When an absolute value P
ke s e i i Write [t + 5| <9ast +5<9andt + 5> -9,
inequality symbol is <
or = , the compound Case 1
sentence uses and, t+5<9

t+5—-5<9-5 Subtract 5 from each side.

t<4 Simplify.
Case 2
t+5=>-9

I+5 - 5>—-9 - 5 subtract 5 from each side.
> -14 Simplify.

| I 1 1 1 1 A+ |
Ll i (] ] [y i L |
The solution set is {t| —14 < t < 4]. —16—14—12-10-8-6-4-2 0 2 4 &

Consider the inequality |x| = | x| > 5 means that the distance from 0 to x is
greater than 5 units.

1. Sunis Sunifs

] 1
R e e
=f=h=4=3=2—-1 0 1 2 3 4 5 6

Therefore, x << —5 or x > 5. The solution set is [x | x<-5o0rx>5}.
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When solving inequalities of the form |x| > n, find the union of these two cases.

Case1 The value inside the absolute value symbols is greater than the positive
value of n.

Case2 The value inside the absolute value symbols is less than the negative
value of n.

Study Tip Solve an Absolute Value Inequality (>)

Gireater Than Solve |2x + 8| = 6. Then graph the solution set.

When the absolute value .
o B i et g Write [2v + 8| =6as2x + 8=60r2x + 8= —6.

inequality symbol is >
or =, the compound Case 1
sentence Uses of. 2x + 8=6
24+ 8 -8=6 8 Subtract 8 from each side.
2x= -2 simplify.
?,‘;T = :-2 Divide each side by 2.
X=—1 Simplify.
Case 2
2x+ 8= —6

2x + 8 - 8= —6 - 8§ Subtract 8 from each side.
2x=-14 Simplify.

2.} = __,14 Divide each side by 2.
el Simplify. i e
The solution set is {x|x = -T7orx=—1}. —9—F-T—6-5-4-3-2-1 0 1

In general, there are three rules to remember when solving equations and
inequalities involving absolute value.

If x| =n,thenx=—norx=n.
If |x| <n,then x<npand x> —n.

If |x| >n,then x>norx< —h.

These properties are also true when > or < is replaced with = or =.

Check for Understanding - _

(.ancapf Check 1. Compare and contrast the solution of |x — 2| > 6 and the solution of
|lx—2]| <8.

2. OPEN ENDED Write an absolute value inequality and graph its solution set.
3. FIND THE ERROR Leslie and Holly are solving |+ 3| =7

Leslie Hally
x+3=1 or x+3=-1 X+3=2 or X-B=2
x¥5-5s0=8 2450229 Xt2-%=2-3% X-34+3=243%
x=-1 x==5 X=-1 x=5

Who is correct? Explain your reasoning.
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Gauided Practice 4. Which graph represents the solution of |k| <32

A oty —— | b, s —}
—5-4-3-2- 12 3 4% —$5-4-3-2-1 01 2 3 4 5
G~ ————— d. i —pfomfp——
—5—-4-3-2-1 0 1 2 3 45 —5—4-3-2-1 0 1 2 3 45
5. Which graph represents the solution of |x - 4| >22
A b B G e o o .
—3-2-1 012 34567 —3-2-1 01234567
€ ettt =i d. b=l
-3-2-1 012 3 456 7 ~3-2-1012 3456 7

6. Express the statement in terms of an inequality involving absolute value.
Dao not solve.
A jar contains 832 gumballs, Amanda’s guess was within 46 pieces.

Solve each open sentence. Then graph the solution set.

T |r+3|=10 8. |c72|<6
9. |10 - w| >15 10. [2¢+5|=7
For each graph, write an open sentence invelving absolute value.
. ——— 12, sl —t——t—pi
—4-3-2-1 012 3 4 5 & 4 56 7 8 910111213
Apph‘caﬁon 13. MANUFACTURING A manufacturer greatest acceptable diameter

produces bolts which must have a
diameter within 0.001 centimeter
of 1.5 centimeters. What are the
acceptable measurements for the
diameter of the bolts?

—_— 4

least acceptabl?s diameter

Practice and Apply

Homework Help Match each open sentence with the graph of its solution set.
Exel:rg{sesiExasl:;Ies . |x+5|=3 a. =ttt
T ey 10123456789
P 15 2 4] >4 L e = e
0-25 | 3 —5-4-3-2-1 01 2 3 45
40-45 1 2

16. |2x - 8| =6 O e e e e

Exira Practice ~9-8-7-6-5-4—8-2-1 0 1

S 7. |x+3l=-1 A

2345678 9101112
18. |x| <2 S s T e e
~5-4-3-2—1 0 1 2 3 4 5
19. [ x| -2 £
10123456789

Express each statement using an inequality invelving absolute value,
Do not solve.

20. The pH of a buffered eye solution must be within 0.002 of a pH of 7.3.

21. The temperature inside a refrigerator should be within 1.5 degrees of 38°F.

22. Ramona’s bowling score was within 6 points of her average score of 98.

23. The cruise control of a car set at 55 miles per hour should keep the speed
within 3 miles per hour of 55.
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More Aboul

Tire Pressure e \

Always infiate your tires to
the pressure that is
recommended by the
manufacturer. The
pressure stamped on the
tire is the maximum
pressure and should only
be used under certain
circumstances,

Source: wyw.etires.com

350 Chapter 6 Solving Linear Inequalities

‘e 51,

Solve each open sentence. Then graph the solution set.

24, |x-5| =8

26. |2p 3| =17

28. |z 2| =5

30, lv+3|>1

32 [3s+2|>-7

34, [2n+1] <9

36. |6 — (3d - 5)| =14

25. |[b+9| =2

27. |5¢ - 8] =12
29. |t 18| <2

31. 211—6‘2:3

33. [3k+4| =8

35. |6r+ 8| < -4
37. |8 —(@w—1)] =9

2=3%

5, |25 =2

For each graph, write an open sentence involving absclute value.

5h+2
38. “7 =7
il
40, -p+——++++++
~5-4-3-2-1 012 3 45
42, e e
~5-4-3-2-1 0 1 2 3 4 5
M. ettt
-5—4-3-2—1 01 2 3 4 &

41, -ad—i : |

" I ) : : : 1 I : L

—2-1 012345678
43, e e et

~8—7—6-5-4-3-2-1 0 1 2
45 bl e

|
il M M e
—15=14—-13—12-1—-10-9 -8 =7 -6 =5

HEALTH For Exercises 46 and 47, use the following information.
The average length of a human pregnancy is 280 days. However, a healthy, full-term
pregnancy can be 14 days longer or shorter.

46. Write an absolute value inequality for the length of a full-term pregnancy.
47. Solve the inequality for the length of a full-term pregnancy.

48. FIRE SAFETY The pressure of a typical fire extinguisher should be within
25 pounds per square inch (psi) of 195 psi. Write the range of pressures for safe

fire extinguishers.

49. HEATING A thermostat with a 2-degree differential will keep the temperature
within 2 degrees Fahrenheit of the temperature set point. Suppose vour home
has a thermostat with a 3-degree differential. If you set the thermostat at 68°F,
what is the range of temperatures in the house?

50. ENERGY Use the margin of
error indicated in the graph at
the right to find the range of
the percent of people who say
protection of the environment
should have priority over
developing energy supplies.
TIRE PRESSURE  Tire pressure
is measured in pounds per
square inch (psi). Tires should
be kept within 2 psi of the
manufacturer’s recommencded
tire pressure. If the recommended
inflation pressure for a tire is
30 psi, what is the range of
acceptable pressures?

52. CRITICAL THINKING State
whether each open sentence is
always, sometimes, Or never true.

a. :c+3|<—5
b. |lx-6|>-1
C x+2|:l]

USA TODAY Snapshots®

Environment first

Americans say protecting the environment should be
iven priority over developing U.S. energy supplies.
eferences:

Protection of

environment

Neither/
m- Y £

2% —
No opinion
= ,

_ ; Development of
Equally important energy supplies
6% 36%

Source: Gallup Boll of 10060 adulis; March 5-7, 2001
Margin of erme; PIUSOr (MINUs 3 pRscentass poince

By Marcy E- Mulling, USA TODAY
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-+ 53. PHYSICAL SCIENCE During an experiment, Li-Cheng must add 3.0 milliliters

! of sodium chloride to a solution. To get accurate results, the amount of sodium
chloride must be within 0.5 milliliter of the required amount. How much sodium
chloride can she add and still obtain the correct results?

More Aboul

54. ENTERTAINMENT Luis Gomez is a contestant on a television game show. He
must guess within $1500 of the actual price of the car without going over in
order to win the car. The actual price of the car is $18,000. What is the range
of guesses in which Luis can win the vehicle?

55. CRITICAL THINKING The symbol * means plus or mitius.
a. If x = 3 + 1.2, what are the values of x?

b. Write x = 3 * 1.2 as an expression involving absolute value.

56. Answer the question that was posed at the beginning of
the lesson.

Physical Science o
The common name for

sodium chloride is salt. How is absolute value used in election polls?
Seawater is about 2.5%

salt, and selt-obtained by Include the following in your answer:

evaporating seawater is e an explanation of how to solve the inequality describing the percent of people
950 to 980 pure. who are against the tax levy, and
Source: Worid Baok Encyclopedia * a prediction of whether you think the tax levy will pass and why.

Test Practice @® {-3,3) (-3~ @© {2, -2) @ {3, -7}

\éfdﬂddrdi?:ed 57. Choose the replacement set that makes |:_r + 5| = 2 true.

58. What can you conclude about x if —6 < |x| < 62

@& —x=0 @& x=0 ©) —x<6 @ —x>6

Maintain Your Skills

Mixed Eeview 59. FITNESS To achieve the maximum benefits from aerobic activity, your
heart rate should be in your target zone. Your target zone is the range between
60% and 80% of your maximum heart rate. If Rafael’s maximum heart rate is 190
beats per minute, what is his target zone? (Lesson 6-4)

Solve each inequality. Then check your solution. (Lesson 6-3)
60. 2m +7>17 61, -2 -3x=2 62. %zv -3=7

Find the slope and y-intercept of each equation. (Lesson 5-4

; 1 .
63. 2x +y =4 64, 2y — 3x =4 65_51+Zy_0

Solve each equation or formula for the variable specified. (lesson 3-8

66. [ = prt, for r 67. ex — 2y = 3z, forx 68. % = 7x, for x

Find each sum or difference. (Lesson 2-2)
69. —13 +8 70. —13.2 — 6.1 71. —47 — (—-8.9)

Name the property illustrated by each statement. (Lesson 1-6)
72, 10x + 10y = 10(x + y) 73. (2 +3u+7=52+7

Gretting Ready for PREREQUISITE SKILL Graph each equation.
fh& Next Lesson (To review graphing linear equations. see Lesson 4-5)
78 y=3x+4 75, y=-2 7. % +y=3
77. = 2x = —1 78. 2y—x=-6 79. 2(x+ ) =10
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Graphing Inequalities in
Two Variables

Graph inequalities on the coordinate plane.

Solve real-world problems involving linear inequalities.

Vocabulary , - : -
half-plane How  are inequalities used in budgets?

boundary Hannah allots up to $30 a month for
lunch on school days. On most days, O | My MC’”HT!Y al-*d{-}ﬂ
she brings her lunch. She can also buy
lunch at the cafeteria or at a fast-food

Lunch (school days) $30

restaurant. She spends an average of $3 Entertainment $95
a day at the cafeteria and an average of CLlothes
$4 a day at a restaurant. How many olg {
e Fuel B
times a month can Hannah buy her Y i
lunch and remain within her budget? LB ‘)f

Let x represent the number of days she buys lunch at the cafeteria, and let y
represent the number of days she buys lunch at a restaurant. Then the following
inequality can be used to represent the situation.

The cost of eating the cost of eating is less than
in the cafeteria plus inarestaurant A orequalto, $30.
h————" b—v—' e " T Y
3x + Ay = 30

There are many solutions of this inequality.

GRAPH LINEAR INEQUALITIES Like a linear equation in two variables, the
solution set of an inequality in two variables is graphed on a coordinate plane. The
solution set of an inequality in two variables is the set of all ordered pairs that
satisty the inequality.

Ordered Pairs that Satisfy an Inequality

From the set {(1, 6), (3, 0), (2, 2), (4, 3)}, which ordered pairs are part of the
solution set for 3x + 2y <127

Use a table to substitute the x and i values of each ordered pair into the inequality.

X [ 4 ‘ 3x+2y<12 ] True or False 1_! ! =
il & 3(1) +2(8) <12 » (1.6 a
15 < 12 AR Norrzy =12 ]
| 3(3) +2(0) <12 {4, 3)—

2| 8 true \

g<12 2 2\
8(2) +2(2) <12 5 e s

o ks 10 <12 e R
il 3(4) +2(3) <12 =
! alse
L 18 <12 3

The orclered pairs [(3, 0), (2, 2)} are part of the solution set of 3x + 2y < 12.
In the graph, notice the location of the two ordered pairs that are solutions
for 3x + 2y < 12 in relation to the line.
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Study Tip

Dashed Line

* Likeacircle ona
number line, a dashed
line on a coordinate
plane indicates that the
boundary is not part of
the solution set.

Solid Line

* Like a dot on a number
line, a solid line on a
coordinate plane
indicates that the
boundary /s included.

The solution set for an inequality in two variables contains many ordered pairs
when the domain and range are the set of real numbers. The graphs of all of these
ordered pairs fill a region on the coordinate plane called a half-plane. An equation
defines the boundary or edge for each half-plane.

Key Concept Half-Planes and Boundadries

* 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.

¢ Madel ¥y
Hall-Pl
/
(3] X
Hall-Plane
Consider the graph of iy > 4. First determine ¥ T

the boundary by graphing y = 4, the equation | oo |
you obtain by replacing the inequality sign with | i
an equals sign. Since the inequality involves N

y-values greater than 4, but not equal to 4, the
line should be dashed. The boundary divides
the coordinate plane into two half-planes. 5]

@, 0) L
|

To determine which half-plane contains the I
solution, choose a point from each half-plane
and test it in the inequality.

Try (3, 0). Try (5, 6).
¥=>4 y=o0 y>4 y=6
>4 false 6>4 true

The half-plane that contains (5, 6) contains the solution. Shade that halt-plane.

Graph an Inequality

Graphy — 2r = —4.

Step1 Solve tor i in terms of x.
¥y 2x=-4 Original inequality
y—2x + 2v=—4+ 2x Add 2x to each side.
y=2x 4 Simplify.

Step2 Graphy = 2x — 4.Sincey =< 2x — dmeans y < 2x — 4ory = 2v — 4, the
boundary is included in the solution set. The boundary should be drawn
as a solid line.

(continued on the next page)
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fn"udy Tip Step 3 Select a point in one of the half-planes W ] /F_
and test it. Let's use (0, 0). |y = 2x— 4]
Origin as the \\J
Test Point y=2x —4  Original inequality
Use the origin as a (0. 0)
standard test point 0=2(00)-4 x=0y=0 L o X
because the values are N
easy to substitute into the Y= false
nequality, Since the statement is false, the half-plane containing T~ {
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=2y 4  oOriginal inequality
3=203) 4 x=3y=-3
=3=2

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

SOLVE REAL-WORLD PROBLEMS When solving real-world inequalities,
the domain and range of the inequality are often restricted to nonnegative numbers
or whole numbers.

Write and Solve an Inequality

- ADVERTISING Rosa Padilla sells radio advertising in 30-second and

2 60-second time slots. During every hour, there are up to 15 minutes
available for commercials. How many commercial slots can she sell
for one hour of broadcasting?

More Aboul

Step1 Let x equal the number of 30-second commercials. Let i equal the
number of 60-second or 1-minute commercials. Write an open
sentence representing this situation.

1 the number of the number of is

2min  times _ 30-s commercials plus 1-min commercials, upto 15 min.

e e M ) e
-12- ; x + Y = 15

Step 2 Solve for y in terms of x.
1

Advcrﬁsing RS A ty= 15 Original inequality
A typical one-hour l.\‘ + 1.‘\‘ =15 i-:.\' Subtract ;x from each side.
program on television 2 2 : ]
contains 40 minutes of the ! o
¥ =15 — —x Simplify.
program and 20 minutes of ¥ 2 by
commercials. During peak Step 3 Since the open sentence includes the 7]
periods, a 30-second . e = L, a5 4 siilid ¢
commerdial.can costan equation, graph y = 15 — ;¥ as a soli :14 7
average of 52.3 million. line. Test a point in one of the half-planes, | {2 > Y I% X+ =15
Source: www suparbon-ads com for example (0, 0). Shade the half-plane 10 \\‘\_E’TJ
L N i
containing (0, 0) since 0 = 15 — (0) : NG
is true. U “\\L
il Y
TS
|
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Step 4 Examine the solution. I13 ¥ |
* Rosa cannot sell a negative number s, :
of commercials. Therefore, the 14PN E
domain and range contain only —121N l,.-f?;';"' s 15| HE
2 9 Vs
nonnegative numbers. :13 ™ ‘f_ 1 P
* She also cannot sell half of a 6112, 81N
commercial. Thus, only points in 4 \\
the shaded half-plane whose x- and 1 N
y-coordinates are whole numbers O| 4 812162024 23)%,%5
are possible solutions. [TITTITTN

One solution is (12, 8). This represents twelve
30-second commercials and eight 6(-second
commercials in a one hour period.

Check for Understanding

Concept Check 1. Compare and contrast the graph of y — x + 2 and the graph of y < x + 2.
2. OPEN ENDED Write an inequality in two variables and graph it.

3. Explain why it is usually only necessary to test one point when graphing an
inequality.

Gruided Practice Determine which ordered pairs are part of the solution set for each inequality.
4, 3/ =t 1! {(_ 1: “)} (Bf 2)1 (Zr 5); (_2.* I)I
B, 1/ > Zxa {(21 6)1 (Ur = 1)! (3'; 5)} ( = 1! = 2)}

6. Which graph represents y — 2x = 2?7

a. ] y7‘ b. yln ¢ [ y'J‘

O] X o X + 0 x
4
/ 4
ir: £ H
Graph each inequality.
7.y=4 B.y=2x-3
9. 4-2x< -2 10. 1 —y>x

Appl'."cdﬁon 11. ENTERTAINMENT Coach Riley wants to take

her softball team out for pizza and soft drinks Welcome to
after the last game of the season. She doesn’t Angelo’s Pizzal
want to spend more than $60. Write an :
inequality that represents this situation and Lacge Pizza $i2

graph the solution set.

Pitcher of
soft drink $3

Lesson 6-6 Graphing Inequalities in Two Variables 355

S conienis B 2



Practice and Apply

Homework Hefp Determine which ordered pairs are part of the solution set for each inequality.
Frerases | Examples 12, y=3 - 2, {0, 4, (-1,3), (6, ~8),(-4,5))
2-19 i 13. y < 3x, {(-3,1)(-3,2), (1,1), (1, 2)}
i - 4. x +y <11, {(5,7), (13, 10), (4, 49), (-6, ~2)}
] 15. 2x — 3y > 6,{(3, 2), (-2, —4), (6, 2), (5, 1)}
E)dra PraChC& 16. 4‘37’ -8=0, [(5: _l)r (Of 2)1 (Zr 5)} (—2, 0)]
See page 835.

17. 3x + 4y < 7,{(1, 1), (2, —1), (=1, 1), (~2, 4)}
18. |'I = 3| = y) {(6! 4'): ( = 1! 8): (_31 2)) (5.“ 7)}
19, ly+2| <x {2 4, (-1, -5),(6 7, (0,0)

Match each inequality with its graph.

20. 2y +x=6 5 . o :

1 5 N R

21, v —y>4 BER

2 L =
250

dy e 5 I = :
22.y>3+21 ﬂ1 BB E

oAl % y d. I

T

.

24. Is the point A(2, 3) on, above, or below the graph of  2x | 3y = 5?
25. Is the point B(0, 1) on, above, or below the graph of 4x — 3y = 4?2

Graph each inequality.

26. y < -3 27. x=2 28. 5x + 10y >0 29. y<x

30. 2y —x=6 31 6x +3y>9 32 3y -4r=12 33 y= -2xr 4
3. 8r—6y<10 35 3x—1=y 36 3x+2)> 18 37 3(2x +y) <2

POSTAGE For Exercises 38 and 39, use the following information.

The U.S. Postal Service defines a large package as having the length of its longest
side plus the distance around its thickest part less than or equal to 108 inches.

38. Write an inequality that represents this situation.

39. Are there any restrictions on the domain or range?

‘m Online Eesearch pata Update What are the current postage rates and
L& regulations? Visit www.algebra1.com/data_update to learn more.

SHIPPING For Exercises 40 and 41, use the following information,

A delivery truck is transporting televisions and microwaves to an appliance store.
The weight limit for the truck is 4000 pounds. The televisions weigh 77 pounds, and
the microwaves weigh 55 pounds.

40. Write an inequality for this situation.
41. Will the truck be able to deliver 35 televisions and 25 microwaves at once?

356 Chapter 6 Solving Linear Inequalities
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A linear inequality can
be used to represent
trends in Olympic times.
Visit www.algebral.
com/webquest to
continue work on your
WebQuest project.

> 4

Standardized

\ Test Pracftice
o CB> G P>

FALL DANCE For Exercises 42-44, use the following information.

Tickets tor the fall dance are $5 per person or $8 for couples. In order to cover
expenses, at least $1200 worth of tickets must be sold.

42. Write an inequality that represents this situation.

43. Graph the inequality.

44, 1t 100 single tickets and 125 couple tickets are sold, will the committee cover its
expenses?

45. CRITICAL THINKING Graph the intersection of the graphs of y = x — 1 and
y ==

46. WENDERINNTSL] Answer the question that was posed at the beginning of the
lesson.
How are inequalities used in budgets?
Include the following in your answer:

e an explanation of the restrictions placed on the domain and range of the
inequality used te describe the number of times Hannah can buy her lunch,
and

e three possible solutions of the inequality.

47. Which ordered pair is ot a solutionof y — 2x < —52

@® (2, -2) (-1,-8) © @1 @ (5,6)
48. Which inequality is represented by the graph N
at the right? \
@ 2xty<1 ® 2 ty>1 3
© 2xty=1 @ 2x+y=1 ol Y X
‘\
N

Maintain Your Skills

Mixed Review

Solve each open sentence. Then graph the solution set. (Lesson 6-5)
29. |34+ 2t =m 50. |x+8] <6 51. |2y +5| =3

Solve each compound inequality. Then graph the solution. (Lesson 6-<)
52. y +6>-landy — 2 <4 53. m +4<2o0rm-2>1

State whether each percent of change is a percent of increase or decrease.
Then find the percent of change. Round to the nearest whole percent. (Lesson 3-7)

54, original: 200 55. original: 100 56. original: 53

new: 172 new: 142 new: 75

Solve each equation. (Lesson 3-2
by, £ 2= 58 31 1 6= 15 59. 35 1 20k = 100

Simplify. (Lesson 2-4

—64 27c 122 — 14b . 18y -9
60. 4 61. 9 62. 5 63. 3
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Graphing Calculator
Investigation

A Follow-Up of Lesson 6-6

Graphing Inequalities

You can use a TI-83 Plus graphing calculator to investigate the graphs of inequalities.
Since graphing calculators only shade between two functions, enter a lower boundary
as well as an upper boundary for each inequality.

Graph two different inequalities on your graphing calculator.

EZE Graph y < 3x + 1. EZ¥] Graph y — 2x= 1.

¢ Clear all functions from the Y= list. s Clear the drawing that is currently displayed.

KEYSTROKES: CLEAR KEYSTROKES: [2nd | [DRAW] 1

Graph y = 3x + 1 in the standard * Rewritey —3x=1lasy=3x | 1and
window. graph it.

KEYSTROKES: DRAW | 7 (@ 10 3 KEYSTROKES: [2nd | [ DRAW | 7 3 [X.T.8,n]

XTé.n| [+11[)] [ENTER 11 L] 10 ()] [ENTER]

The lower boundary is Ymin or —10. The upper = This time, the lower boundary is y = 3x + 1.
boundary is y = 3x + 1. All ordered pairs for ~ The upper boundary is Ymax or 10. All ordered
which y is less than or equal to 3x + 1 lie beloro pairs for which y is greater than or equal to 3x + 1
or o1z the line and are solutions. lie abowe or on the line and are solutions.

Exercises

1. Compare and contrast the two graphs shown above.

2. Graph the inequality y = —2x | 4 in the standard viewing window.
a. What functions do you enter as the lower and upper boundaries?
b. Using yvour graph, name four solutions of the inequality.

3. Suppose student movie tickets cost $4 and adult movie tickets cost $8. You would
like to buy at least 10 tickets, but spend no more than $5(0.

a. Let x = number of student tickets and y = number of adult tickets, Write two
inequalities, one representing the total number of tickets and the other
representing the total cost of the tickets.

b. Which inequalities would you use as the lower and upper bounds?
¢. Graph the inequalities. Use the viewing window [0}, 20] scl: 1 by [0, 20] scl: 1.
d. Name four possible combinations of student and adult tickets.

L=
A

~/ www.algebral.com/other_calculator_keystrokes
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6 Study Guide and Review

Vocabulary and Concept Check

Addition Property of Inequalities (p. 318) half-plane (p. 353) set-builder notation (p. 319)
boundary (p. 353) intersection (p. 339) Subtraction Property of
compound inequality (p. 339) Muitiplication Property of Inequalities (p. 319)
Division Property of Inequalities (p. 327) Inequalities (p. 325) union (p. 340)

Choose the letter of the term that best matches each statement, algebraic
expression, or algebraic sentence.

1 fw|w =~ 14) a. Addition Property of Inequalities

2. Ifa= y,then =5¢= —Bix b. Division Property of Inequalities

3. p> Sandp=0 ¢. half-plane

4. Ifa<b thena | 2<b I 2. d. intersection

5. the graph on one side of a boundary e. Multiplication Property of Inequalities
6. Ifs=t thens - 7=t - 7. f. set-builder notation

7.8=Torg<2 g. Subtraction Property of Inequalities

8. Ifm > n, then ’7’; > ; h. union

 6-1 oolving Inequalities by Addition and Subtraction

See pages
oy Concept Summary

e [fany number is added to each side of a true inequality, the resulting
inequality is also true.

s [fany number is subtracted from each side of a true inequality,
the resulting inequality is also true.

ZLliZ] Solve each inequality.

1 f+9=-23 2 v—19>-16
f+9=-23 Original inequality v—19> —16 Original inequality
i 9 -9=-23- 9 subtract. p—19+ 19> —16 + 19 Aadd.
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
nuamber line. See Examples 1-5 on pages 318-320.

9.¢c+51>32 10. r +7> -5 1. w - 14 < 23
12. 4 - 6>-10 13, 01l=n (004 14 23<g ( 21)
15. 7h=6h — 1 16. 50 >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.

i.:..; ’ www.algebral.com/vocabulary_review Chapter 6 Study Guide and Review 359
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Chapter 6 Study Guide and Review

 6-2 | dolving Inequalities by Multiplication and Division
e pagss - Concept Summary

325-33)
e If each side of a true inequality is multiplied or divided by the same
positive number, the resulting inequality is also true.

e It 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.

1 —14g=126 2 3d<15
—14¢ =126  Original inequality %ﬂ‘ <15 Original inequality
_1:8 = Lzli Divide and change = to =. | l‘ | %d = | l 115  Multiply each side by -4;—.
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.
See Examples 1-5 on pages 326-328,

18. 150 = 60 19, 12r =72 20. —15z= -75 21. —9m < 99
. By e B 2 i
22, _—12‘—: 3 23. 13 > =5 24, 3u{‘r’>" 22 25. SPE 15

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

[ 6-3 Solving Multi-Step Inequalities

See pages
s Concept Summary

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

e 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(1 — 1) < 7u + 8.

4n - 1)<7n+8 Original inequality
dn —4<7n+ 8 Distributive Property
dn—4 - Tu<7n+ 8 - 7n Subtract 7n from each side,
-3 —4<8 simplify.
—3n—44+44<8§+44 Add 4 to each side.
—3n <12 simplify.
—3n 12 L . )
=l B Divide each side by —3 and change <to >

H > —4 simplify.

The solution set is {1 |n > —4}.

360 Chapter 6 Solving Linear Inequalities :
s [ convEnTs | 2



Chapter 6 Study Guide and Review

Exercises Solve each inequality. Then check your selution.
See Examples 1-5 on pages 332-334,

27. —4h +7>15 28. 5—-6n>-19 29, —5x +3<3x+ 19
30. 15b — 12>7b +60 31 —5(3+12)<35-4 32 7(g+8)<3(g+2)+4g
33, zg.r;r 2 =y 34 1 *5.7171 ~10

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

Solving Compound Inequalities

See pages
T8 am Concept Summary

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

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

—_

t;xamples Graph the solution set of each compound inequality.

1 =—1landx>3 2 x=8o0rx<2

I B v g e e e o ol <t X = 8

—3—2—1012@45 1?3456?!}9
1 I ] 1

bt k>3 e p————+——— x<2
3-2-1012 345 123456678079

{ 4 1 I S Find the - A é Find the

] 1 I ] ] ] b ¥ PR (- - T 1 v " Ll <
3-2-1 012 345 sl 2 3456789 o
The solution set is {x | x > 3}. The solution set is |x | x = 8.

Exercises Solve each compound inequality. Then graph the solution set.
See Examples 1— on pages 339-341.

36, —L=p+3<5 37. B3<2k—1<5 38. 3w+ 8<2o0r
wt+12>2 —w
39.4 - 3=8or 40. m + 8 <4 and 41. 10 - 2y > 12 and
a+5=21 3-m<5 Ty<4dy+9

{33 Solving Open Sentences Involving Absolute Value

See pages - Concept Summary

345-351. d
o If |x| =n,thenx = —norx =n -— } %
-n 0 n
o If x| <n,thenx> —nand x < n. i f i
-0 0 n
-lf|x|>n,ther1x<—norx>n. el : ez
—i 0 n
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CP2Ple,

pitE » Extra Practice, see pages B33-835.
EOy Mores.: * Mixed Problem Solving, see page 858.

Solve |x + 6| = 15.

|x+6] =15
x+6=15 or x+6=-15
x+6-6-15—-6 x+6-6=-15-6
¥=9 = 21

The solution set is {—21, 9},

Exercises Solve each open sentence. Then graph the solution set.
See Examples 1, 3. and 4 on pages 346348,

42, |lw-8l=12 43. [g+5| =2 44 |h+5/>7 45 |w+8|=1
46. |r+10| <3 47. |t+4| =3 48 |2x+5| <4 49. |30+4| <8

( 6-6 | Graphing Inequalities in Two Variables
i;_ﬁ’;ﬂ;‘ Concept Summary
e 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.

Step 3 Shade the half-plane that contains the solution.

Graphy=x — 2.

Since the boundary is included in the solution, y

draw a solid line.

Test the point (0, 0). [y=x —;2.J-
y=x — 2 Original inequality o .
U=0-2 x=0y=0

0=-2 true

The half plane that contains (0, 0) should be shaded.

Exercises Determine which ordered pairs are part of the solution set for each
inequality. See Example 1 on page 352,

50. 3x + 2y < 9,{(1,3), (3,2), (~2,7), (4, 11)}
51. 5 y =4, (2, -5),(3,7), (-1,6), (-3, 20)
52. 2y =6 - x,{(~4,15), (5, 1), (3, 8), (-2, 25}
53. —2x <8 —y,{(5, 10), (3,6), (-4,0),(-3, 6)}

Graph each inequality. See Example 2 on pages 353 and 354,
5. y—2x< -3 B5.x+2y=4 56. y < 5x + 1 57. 2x — 3y >6
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Practice Test

Vocabulary and Concepts

1. Write the sct of all numbers t such that t is greater than or equal to 17 in set-builder
notation.

2. Show how to solve 6(z + 5) < 2a + 8. Justify your work.

3. OPEN ENDED Give an example of a compound inequality that is an
intersection and an example of a compound inequality that is a union.

4. Compare and contrast the graphs of |x|=3and \x \ = 3.

Skills and Applications
Solve each inequality. Then check your solution.

5. -2=g—6 6. 9p <8p - 18 7.d - 5<2d — 14
8. %w = 2] 9, 22b=9 10. dm — 11 =8m + 7
=5
A, -3k =) >12 12 -3 13. 03(y — 4)= 0802y 1 2)

14. REAL ESTATE A homeowner is selling her house. She must pay 7% of the
selling price to her real estate agent after the house is sold. To the nearest
dollar, what must be the selling price of her house to have at least $110,000
after the agent is paid?

15. Solve 6 + |r| = 3. 16. Solve |d| > —2.

Solve each compound inequality. Then graph the solution set.

17. r + 3 >2and 4r < 12 18.3n 1 2=170r3n + 2= -1
19. 9 +2p >3and 13 >8p + 3 2. |22 -5| <7
21. |7 - 3s| =2 22, |7 -5z| >3

Define a variable, write an inequality, and solve each problem. Then check your
solution.

23. One fourth of a number is no less than —3.

24, Three times a number subtracted from 14 is less than two.

25. Five less than twice a number is between 13 and 21.

26. TRAVEL Megan's car gets between 18 and 21 miles per gallon of gasoline.
If her car’s tank holds 15 gallons, what is the range of distance that Megan
can drive her car on one tank of gasoline?

Graph each inequality.
27.y=3x - 2 28. 2x + 3y <6 29, x 2y >4

30. STANDARDIZED TEST PRACTICE Which inequality is represented by the graph?

—_—
-9 -8 -7 =6 =5 —4 -3 -2 —1 0 1 2 3 4 5 6 7 8 9
® |x-2|=5 @ |z -2| =5 © |x+2| =5 @ |x+2] =5
[!‘«' www.algebra1.com/chapter_test Chapter 6 Practice Test 363
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WaPle,

O Standardized Test Practice

Part 1 Multiple Choice

Record your answers on the answer sheet
provided by your teacher or on a sheet of

paper.

1. Which of the following is a correct statement?
(Lesson 2-1)

9B e 8§
@ 5> g e
B= 9 9.3
© 5 3 3<%
2, (-6)(—7) = (Lesson 2-3)
@ £ ~13
@ 13 @ 4«

3. Acylindrical can has a volume of 5625w
cubic centimeters. Its height is 25 centimeters.
What is the radius of the can? Use the formula
V = w21, (Lessons 2-8 and 3:8)

@& 4.8cm 7.5 cm
© 15cm 471 cm

4, A furnace repair service charged a customer
$80 for parts and $65 per hour worked. The
bill totaled $177.50. About how long did the
repair technician work on the furnace?
(Lessons 3-1 and 3-4)

0.5 hour
© 2 hours

1.5 hours
@ 4 hours

5. The formula P = 2220 =4) etermines the
recommended maximium pulse rate P during
exercise for a person who is A years old.
Cameron is 15 years old. What is his
recommended maximum pulse rate during

exercise? (Lesson 3-8)
@ 162 164
@© 173 @ 263

6. The graph of the function y = 2x — 1 is shown.
Lf the graph is translated 3 units up, which
equation will best represent the new line?
(Lesson 4-2)

| by | 4
I | f_.._
[ 11/
| | \
| | |
| o | [*
AT
%"“Jy=‘21—1
Vﬂ [T
@ y=2x+2 @ y=2¢—3
© y=2x+3 @ y=2x-4

7. The table shows a set of values for x and y.
Which equation best represents this set of

data? (Lesson 4-8)
Al 4| 1]2] 5] 8)
Al 16| 4|8|20]32)
@ y=3 4 ®y=3x+2
© y=2x-10 @ y=4x

8. Ali's grade depends on 4 test scores, On
the first 3 tests, she earned scores of 78, 82,
and 75. She wants to average at least 80.
Which inequality can she use to find the score
x that she needs on the fourth test in order to
earn a final grade of at least 80? (Lesson 6-3)

® WEBU
_WESG
o %280
® 78 - & 824;75i£580

9. Which inequality is represented by the graph?

(Lesson 6-4)

—— — ; : b ) ——|
=3 =y o=f |y T % 8 4
@A 2<x<3 2 <x=3
© 2=x<3 =x=3
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Aligned and e
verified by ( mceton

Part 2 Short Response/Grid In

Record your answers on the answer sheet
provided by your teacher or on a sheet of
paper.

10. A die is rolled. What are the odds of rolling
a number less than 57 (Lesson 2-6)

11. A car is traveling at an average speed of 54
miles per hour. How many minutes will it
take the car to travel 117 miles? (Lesson 2-4)

12. The price of a tape player was cut from $48
to $36. What was the percent of decrease?
(Lesson 3-7)

13. Write an equation in v
slope-intercept form
that describes the
graph. (Lesson 5-3)

14. A line is parallel to the graph of the
equation éy = %x - 1. What is the slope of
the parallel line? (Lessons 5-4 and 5-6)

15. Solve %{10}: - 8) - 3(x — 1) = 15 for x.
(Lesson 6-3)

16. Find all values of x that make the inequality
|x - 3| > 5 true. (Lesson 6-5)

= L
C% Test-Taking Tip

Questions 13 and 14

® Know the slope-intercept form of linear
equations: y = mx + b.

¢ Understand the definition of slope.

* Recognize the relationships between the slopes
of parallel lines and between the slopes of
perpendicular lines.

(5 www.algebral.com/standardized_test

-~

17. Graph the equation y = —2x + 4 and
indicate which region represents
¥ < —2x + 4 (Lesson 6-6)

Part 3 Quantitative Comparison

Compare the quantity in Column A and
the quantity in Column B. Then determine
whether:

(@ the quantity in Column A is greater,
the quantity in Column B is greater,
@© the two quantities are equal, or

the relationship cannot be determined
from the information given.

8. Ve | 5 |

(Lesson 2-7)

19. x>hara<-7
-3<y<4

| x| | lyl |

{Lesson 6-4)

Part 4 'Open Ended

Record your answers on a sheet of paper.
Show your work.

20. The Carlson family is building a house on a
lot that is 91 feet long and 158 feet wide.
(Lessons 6-1, 6-2, and 6-4)

a. Town law states that the sides of a house
cannot be closer than 10 feet to the edges
of a lot. Write an inequality for the
possible lengths of the Carlson family’s
house, and solve the inequality.

b. The Carlson family wants their house to
be at least 2800 square feet and no more
than 3200 square feet. They also want
their house to have the maximum
possible length. Write an inequality for
the possible widths of their house, and
solve the inequality. Round your answer
to the nearest whole number of feet.

Chapter 6 Standardized Test Practice 365
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o, SOlVing Systems of
O Linear Equations
and Inequalities

What Youw'll Learn
Lesson 7-1 Solve systems of linear equations by K.‘,’,Y Vocabulary
graphing. system of equations (p. 369)
Lessons 7-2 through 7-4 Solve systems of linear substitution (p. 376)
equations algebraically. elimination (p, 382)

Lesson 7-5 Solve systems of linear inequalities sysiem of inequalities (. 394)
by graphing. '

[ Yy It’s Important

Business decision makers often use systems of linear equations
to model a real-world situation in order to predict future events.
Being able to make an accurate prediction helps them plan and
manage their businesses.

Trends in the travel industry change with time. For example, in
recent years, the number of tourists traveling to South America, the
Caribbean, and the Middle East is on the rise. You will use a system of
linear equations to model the trends in tourism in Lesson 7-2,




Getting Started

Prerequisite Skills To be successful in this chapter, you'll need to master
these skills and be able 10 apply them in problem-solving situations. Review
these skills before beginning Chapter 7.

For Lesson 7-1 Graph Linear Equations
Graph each equation. (For review, see Lesson 4-5

1.y=1 2. y= 2x 3. y=4 «x

4.y=2x13 5.y=5-2 6. y—2r+2
For Lesson 7-2 Solve for a Given Variable
Solve each equation or formula for the variable specified. (For review, see Lesson 3-8

7. 4x + a = 6%, for x 8. 80 +y =16, fora

9. 2 4 _ 12, for b 10. 758 o forg
For Lessons 7-3 and 7-4 Simplify Expressions
Slmpln‘y each expression. If not pDSSib|E, write s;'mpﬁﬁed. {For review, see Lesson 1-5,)
M. Bx+y) —@xr+y) 12. (7x — 2y) — (7x +4y) 13. (16x — 3y) + (11x + 3y)

14, (Bx —4y) + (—8x +5y) 15, 42x +3y) — Bx — ) 16. 3(x — 4y) + (x + 12y)
17. 2(x — 2y) + (3x + 4y) 18. 5(2x — y) — 2(5x + 3y) 19. 3(x +4y) + 2(2x — 6y)

' Make this Foldable to record information about solving systems
of equations and inequalities. Begin with five sheets of grid

paper.
Siep 2 [N

Fold each sheet
in half along the
width.

]

i

1 5

i “Unfold and cut four

Lq rows from left side of
= each sheet, from the

top o the crease.

m Stack and Staple

Stack the sheets
and staple to
form a booklet, J

Reading and Writing As you read and study the chapter, unfold each page
and fill the journal with notes, graphs, and examples for systems of equations
and inequalities.

Label each page
with a lesson
! number and title.

L

et

[



Spreadsheet Investigation

A Preview of Lesson 7-1

Oystems of Equations

You can use a spreadsheet to investigate when two quantities will be equal. Enter
each formula into the spreadsheet and look for the time when both formulas have
the same result.

Example
Bill Winters is considering two job [0 JobSalaries — HH
offers in telemarketing departments. | A | B | C

The salary at the first job is $400 per 'Sales  Salary 1 Saslary2 E
week plus 10% commission on | 0 400 375
Mr. Winters sales. At the second job, 100 410

the salary is $375 per week plus 200 420

15% commission. For what amount 300 430

of sales would the weekly salary 400 440

be the same at either job? 500 as0

800 460
700 470
800 480
800 480
1000 500

OB WN-

o~

Enter different amounts for

Mr. Winters' weekly sales in
column A, Then enter the formula
for the salary at the first job in each
cell in column B. In each cell of

Bige

13

column C, enter the formula for e — - :
the salary at the second job. M4 )I:\Shnﬂ &l BREKID B

The spreadsheet shows that for sales
of $500 the total weekly salary for
each job is $450.

Exercises
For Exercises 1-4, use the spreadsheet of weekly salaries above.
1. If x is the amount of Mr. Winters’ weekly sales and y is his total weekly salary,
write a linear equation for the salary at the first job.
2. Write a linear equation for the salary at the second job.
3. Which ordered pair is a solution tor both of the equations you wrote for
Exercises 1 and 2?
a, (100, 410) b. (300, 420) . (500, 450) d. (900, 510)
4. Use the graphing capability of the spreadsheet program to graph the salary data

using a line graph. At what point do the two lines intersect? What is the
significance of that point in the real-world situation?

5. How could you find the sales for which Mr. Winters” salary will be equal without
using a spreadsheet?

368 Chapter7 Solving Systems of Linear Equations and Inequalities
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Graphing Systems
of Equations

Determine whether a system of linear equations has 0, 1, or i.n'fi.nitely many solutions,

Solve systems of equations by graphing,

Vocqbulqry Haw can you use graphs to compare the sales of fwo products?
system of equations During the 1990s, sales of cassette singles decreased, and sales of CD singles
f.on5|st'ent increased. Assume that the sales of these singles were linear functions. If
inconsistent x represents the years since 1991 and y represents the sales in millions of
independent dollars, the following equations represent the sales of these singles.
dependent '

Cassette singles: 1 = 69 — 6.9x
CDsingles: y = 5.7 -+ 6.3x

These equations are graphed 7 i
at the right. Cassette and CD Singles Sales

The point at which the two 70 , ,
graphs intersect represents 'g‘ 60 'y\ 1y =69 — 6.9
the time when the sales of ‘-_§ 50 N > 4
cassette singles equaled the &5 40 < Sales of cassetie singles
sales of CD singles. The & 2 30 — equals sales of CD singles.
ordered pair of this point is g8 "r N -
a solution of both equations. £ 12 = {y=57+634] o

12 3456 78

Years Since 1991

NUMBER OF SOLUTIONS Two equations, such as y = 69 — 6.9x and

¥ = 5.7 + 6.3x, together are called a system of equations. A solution of a system of
equations is an ordered pair of numbers that satisfies both equations, A system of
two linear equations can have 0, 1, or an infinite number of solutions,

e If the graphs intersect or coincide, the system of equations is said to be consistent.
That is, it has at least one ordered pair that satisties both equations.

e [f the graphs are parallel, the system of equations is said to be inconsistent. There
are o ordered pairs that satisty both equations.

* Consistent equations can be independent or dependent. [f a system has exactly
one solution, it is independent. It the system has an infinite number of solutions,
it is dependent.

Concept Su z Systems of €quations
Intersecting Lines Same Line Parallel Lines
¥ ¥ Y
Graph of a System
(o] x X (>) X
Number of Solutions exactly one solution infinitely many no solutions
Terminology consistent and independent consistent and dependent inconsistent

Lesson 7-1 Graphing Systems of Equations 369
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Study Tip

Look Back

To review graphing finear
equations, see

Lesson 4-5.

Number of Selutions

Use the graph at the right to determine
whether each system has no solution,
one solution, or infinitely many solutions.
a y=-x+35

y=x-3

Since the graphs of y = —x + 5 and

y = x — 3 intersect, there is one solution.

b.y=—-x+5
2+ 2y = —8
Since the graphsof y = —x + 5 and
2x + 2y = —8 are parallel, there are no
solutions.

o 2x+2y = -8
y=-x—14

[ y
_\y=2x+14]
Hy o1l
|y=—x+5]|
= 7
= = E= _|_2x+2y=—3!
L1 el
X
o
7N X
y=—x—4 iy—x—_3|—
7 ] i
4 [ | '

Since the graphs of 2x + 2y = —8and y = —x — 4 coincide, there are infinitely

many solutions.

SOLVE BY GRAPHING One method of solving systems of equations is to
carefully graph the equations on the same coordinate plane.

Solve a System of Equations

Graph each system of equations. Then determine whether the system has
no solution, one solution, or infinitely many solutions. If the system has

one solution, name it.

a y=—x+8
y=4dx-=17

The graphs appear to intersect at the point
with coordinates (3, 5). Check this estimate
by replacing x with 3 and y with 5 in each
equation.

CHECK - <« +8 =4 -7
5% -3+8 5X43)-7

5=5 52127

b=p ¢

The solution is (3, 5).

« X+ 2y=5

2x +4y =2
The graphs of the equations are parallel

lines. Since they do not intersect, there are no

solutions to this system of equations. Notice

that the lines have the same slope but ditferent
y—intercepts. Recall that a system of equeations that

has no sofution is said to be inconsistent,

370 Chapter 7 Solving Systems of Linear Equations and Inequalities
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A [x+2y=5]

1
[2x+ 4y =2]




Write and Solve a System of Equations

il

More About

World Records «----

In 1994, Guy Delage swam
2400 miles across the
Atlantic Ocean from Cape
Verde to Barbados.
Everyday he would swim
awhile and then rest while
floating with the current on
a huge raft. He averaged
44 miles per day.

Source: Banner Aerospace, [nc

WORLD RECORDS Use the information on Guy Delage’s swim at the left. If
Guy can swim 3 miles per hour for an extended penud and the raft drifts about
1 mile per hour, how many hours did he spend swimming each day?

Words You have information about the amount of time spent swimming
and fleating. You also know the rates and the total distance traveled,

Variables Lets — the number of hours Guy swam, and let f = the number of
hours he floated each day. Write a system of equations to represent
the situation.

Equations
The number of the number of the total number of
hours swimming plus hours floating equals hours in a day.
—— AR —— e e —
8 1 f = 24
The daily miles the daily miles the total miles
traveled swimmin plus  traveled floating,  equals traveled in a day.
AIENEISC ST, gy Nl T i e )
3s 4 1f = 44
Graph the equations s + f = 24 and 3s + f = 44. f g i
The graphs appear to intersect at the point B e i
with coordinates (10, 14). Check this estimate o ! ! |
by replacing s with 10 and f with 14 in each —16 (10, 14)
equation. 12 7
8 s+ (=24
—4 |
CHECK s+ f-24 35+ f= 44 ol | [\l I
—4 | 4 8 121620238
10 + 14 2 24 3(10) +14 2 44 ENEEE.J
24 =24 J 30 +14 244
44 =44

Guy Delage spent about 10 hours swimming each day.

Check for Understanding

Concept Check 1.

2.

OPEN ENDED  Draw the graph of a system of equations that has one solution
at (-2, 3). '

Determine whether a system of equations with (0, 0) and (2, 2) as solutions
sometimes, always, or never has other solutions. Explain.

Find a counterexample for the following statement.

If the graphs of two linear equations have the same slope, then the system of equations
has o solution.

Gauided Practice Use the graph at the right to determine 1111
whether each system has no solution, one e |
solution, or infinitely many solutions. - 4 B
4. y=x 4 5.1:%x+2 L
= Has = : —
Ip== 3x 2 i = %x — 2
6. x —y=4 7.x-y=4
ye=r=4a I——l}.-l-ﬁl_-
(‘;‘;" www.algebral.com/extra_examples Lesson 7-1 Graphing Systems of Equations 371
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Graph each system of equations. Then determine whether the system has no
solution, one solution, or infinitely many solutions. If the system has one solution,
name it.

8.

11.

y=—x
y=2

xly=4
x+ty=1

9. x ly==8
F=py=2

12. x - y=2
3y +2x=9

10. 2x | 4y
3x + 6y
13 x+ty=2
y=4x+7

2
3

Applicafion 14. RESTAURANTS The Rodriguez family and the Wong family went to a brunch
buffet. The restaurant charges one price for adults and another price for children.

Homework Help

For { See
Exercises : Examples
15-22 F 7
23-40 | 2
41-54 1 3

Extra Praclice
See page 835,

The Rodriguez family has two adults and three children, and their bill was

$40.50. The Wong family has three adults and one child, and their bill was
$38.00. Determine the price of the buffet for an adult and the price for a child.

Practice and Apply s '

Use the graph at the right to determine whether

each system has no solution, one solution, or
infinitely many solutions.

15.

17.

19.

21.

x=-3
y=2r+1
yt+tx=-2
y==&=2
y=-3x+6
y=2x -4
2y —4x =2
y=-3x+6

Y=+
AN 1!
x=-3, k
16. y= —x — 2 k
y=2x -4 ‘ X "'y'=2x—4
18, y=2x | 1 [ptx=—2= \
Y= =4 (] X X
20. 2]/— dy = 2 |2},_4x=2L \Iy=,__—3X+E
y=2xr -4 d
22. 2y —dx =2 \
¥=2x+1 Y j
y=-—x—2

Graph each system of equations. Then determine whether the system has no
solution, one solution, or infinitely many solutions. If the system has one solution,

name it.
23. y= -6
dr+y=2
26, y = —x
y=2x -6
29. x — 2y =12
3xty==6
32, 2x + 3y =4
—4x — 6y = -8
35. 3 +y =3
2y = —6x + 6
38 y=2x-5
3y = 2x

41,

24, x =2
3x-y=8
27. y=3x — 4
y=-3x -4
30. x +y=2
2y —x =10
33. 2x +y=—4
Sx+3y=—-6
36. y=x+3
3y +x=5
. [
39. 6—8_::;—1

2o L
a2 ¥ gy =4

GEOMETRY The length of the rectangle at the
right is 1 meter less than twice its width. What
are the dimensions of the rectangle?

372 Chapter 7 Solving Systems of Linear Equations and Inequalities
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25. y:‘]?—x
2x +y =10
28. y=2x +6
y=-%x-—3
3L 3x + 2y =12
3r+2y=6
34. dx + 3y = 24
5z - 8y = —17
37, 2x T3y =17
y—x—4
loop Lo
40. Sx + 3y =16
yZ%x-i-Z
£
Perimeter = 40m W




GEOMETRY For Exercises 42 and 43, use the graphs of y = 2x + 6,
3x + 2y = 19, and y = 2, which contain the sides of a triangle.

42. Find the coordinates of the vertices of the triangle,
43. Find the area of the triangle.
wues r BALLOONING For Exercises 44 and 45, use A .-e,
. the information in the graphic at the right.
You can graph a system | 44. In how many minutes will the balloons be

of equations to predict at the same height?

whenmengand 45. How high will the balloons be at that
women's Olympic times tirmg?

will be the same. Visit :

wwwalgebral.corm/ SAVINGS For Exercises 46 and 47, use the

webguest to continue

following informati
work on your WebQuest ollewimg nimation.,

Monica and Michael Gordon both want to

Balloon 1

. is 10 meters

project. i3 buy a scooter. Monica has already saved $25 gy Balioan2

and plans to save $5 per week until she can o vist 15 130 Tiietars
¢ ground, rising above the
buy the scooter. Michael has $16 and plans to 15 meters ground
save $8 per week. per minute. descending
46. In how many weeks will Monica and 2&'::;?“?8
Michael have saved the same amount of e

money?

47. How much will each person have saved
at that ime?

BUSINESS For Exercises 48-50, use the 3

48. Which company had the greater profit 8
during the ten years?

. ) 6 p
49. Wl‘::fﬂ r;c’mPam_V had a greater rate of %N}]ucl AL

rowth ¥
g Company Cornpany

50. If the profit patterns continue, will the
profits of the two companies ever be
equal? Explain.

Profit
(millions of dollars)
(] £~

a

POPULATION For Exercises 51-54, use the following information.
The U.S. Census Bureau divides the country into four sections. They are the
Northeast, the Midwest, the South, and the West.

51. In 1990, the population of the Midwest was about 60 million. During the 1990s, the
population of this area increased an average of about 0.4 million per year. Write an
equation to represent the population of the Midwest for the years since 1990.

52. The population of the West was about 53 million in 1990, The population of this
area increased an average of about 1 million per year during the 1990s. Write an
equation to represent the population of the West for the years since 199(.

53. Graph the population equations.

54. Assume that the rate of growth of each of these areas remains the same.
Estimate when the population of the West would be equal to the population
of the Midwest.

55. CRITICAL THINKING The solution of the system of equations Ax + y = 5
and Ax + By = 20 is (2, —3). What are the values of A and B?

t-._._,. ' www.algebral.com/self_check_quiz Lesson 7-1 Graphing Systems of Equations 373
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Standardized

Test Practice
a0 B oo Do

56. (UAULANNE]  Answer the question that was posed at the beginning of the
lesson.

How can you use graphs to compare the sales of two products?
Include the following in your answer:

* an estimate of the year in which the sales of cassette singles equaled the sales
of CD singles, and
* an explanation of why graphing works.

57. Which graph represents a system of equations with no solution?

® y EEELr====2
I |¥= —-;-x + .2
~L]" 1/
y=x+2] ~
x .
[e) [ X
T I ~
e e
ry—= __fx-| L Uy= 3 X =1~
[ 4] [ 1141
© I | ® EEEN
X+ y=1] y==3x+5
X \ X
o] | o
le= —x+ 1& \
é‘y=-2x+ 5
; | T [ ¥ ‘fi
58. How many solutions exist for the system of equations below?
by +y=7
3x-y=20
@ no solution one solution
C© infinitely many solutions @ cannot be determined

Maintain Your Skills

Mixed Review

Getting Ready for
the Next Lesson

Determine which ordered pairs are part of the solution set for each inequality.
(Lesson 6-6) '

59. i = le {(1! 4)1 (_11 5)# (5r _6)4' (_7f 0)}
60, _‘f <8 - 'Bxi {(_4! 2]! (_31 0)! (1! 4): (lr 8}}
61. MANUFACTURING The inspector at a perfume manufacturer accepts a bottle

if it is less than 0.05 ounce above or below 2 ounces. What are the acceptable
numbers of ounces for a perfume bottle? (Lesson &5

Write each equation in standard form. (Lesson 5-5)
62. y—1 - 4x— 5) 63.];+-2:%(:c+3) 64. y — 4 —6(x + 2)

PREREQUISITE SKILL Solve each equation for the variable specified.

(To review solving equations for a specified variable, see Lesson 3-8.)
65. 12x — y = 10x, for y 66. 6a + b =2a,tora

67. 7‘”1%” - 10, for g 68. 25— - 6, forz

374 Chapter 7 Solving Systems of Linear Equations and Inequalities
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Graphing Calculator
]nveSti ga tion A Follow-Up of Lesson 7-1

Systems of Equations
You can use a TI-83 Plus graphing calculator to solve a system of equations.

Example

Solve the system of equations. State the decimal solution to the nearest
hundredth.

293x + y = 6.08

832y —y =4.11

m Solve each equation for i to enter them into the calculator.
293x +y = 6.08
293x +y - 293x = 6.08 — 2.93x Subtract 2.93x from each side.

¥ =608 —293x simplify.

First equation

8.32x —y =4.11
B32y —y — 832y =411 — 832
-y =411 — 8.32x Simplify.
(1) —y =(-1)(4.11 — 832x) Multiply each side by —1.
y = —411 + 832 Simplify.

Second equation
Subtract 8.32x from each side.

Enter these equations in the Y=list and graph.

KEYSTROKES: Review o1 pages 224-225,

m Use the CALC menu to find the point of intersection. f
KEYSTROKES: [CALC] 5 ENTER| [ENTER| [ENTER] i fres asors |

The solution is approximately (0.91, 3.43). [D 101 T by [1. 101 sl 1

Exercises

Use a graphing calculator to solve each system of equations. Write decimal
solutions to the nearest hundredth.

1. y=3x -4
y=-05r+6
3.x+y=>535
3x—1y =375
5. 1.5x + =67
52y —y =41
7. 51 — 4y = 26
dx + 2y = 53.3
9. 0.22x + 0.15y = 0.30
-0.33x +y = 6.22

2. y=2x+5
y=-02x—4

4. 035x —y= 112
225x + y = —4.05

6. 54 —y =18
62x+y=-38

8. 2x+3y=1
dx+y= -6

10. 125x — 200y = 800

65x — 20y = 140

www.algebral.com/other_calculator_keystrokes
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Substitution

Solve systems of equations by using substitution.

7 -

Solve real-world problems involving systems of equations.

Vocqbu[ary Hpy C2n asystem of equations be used
substitution

to predict media usey

Americans spend more time online than they spend reading daily newspapers. If
x represents the number of years since 1993 and y represents the average number
of hours per person per vear, the following system represents the situation.
reading daily newspapers: y = —2.8x + 170

online: y=144x | 2

The solution of the system represents -
the year that the number of hours | Media Usage

spent on each activity will be the same.

=
To solve t.his system, you coulld graph .g' 1 g'gg r-{Daily Newspapers |
the equations and find the point of & $ 130 ;lc" _Fi
intersection. However, the exact &% 100 = N
cnqrdhmtes of the point would be very 5 8 50— {online]
difficult to determine from the graph. £ 0 123456789101121314

You could find a more accurate Years Since 1993
solution by using algebraic methods.

SUBSTITUTION The exact solution of a system of equations can be found by
using algebraic methods. One such method is called substitution.

E‘ Algebra Activity
l Using Substitution
Use algebra tiles and an equation mat to solve the system of equations.
3x+ty=8andy=x-4
Model and Analyze

Since y = x — 4, use 1 positive
x tile and 4 negative 1 tiles exy BE B [P
to represent y. Use algebra tiles

to represent3x | y = 8.

]
EIEE
EEE

HE

1. Use what you know about v
equation mats to solve for x.
What is the value of x? L )

2. Use the y = x — 4 to solve for y.
3. What is the solution of the system of equations?

Male a Conjecture
4. Explain how to solve the following system of equations using algebra tiles.
4x +3y=10and y = x + 1
5. Why do you think this method is called substitution?
. _J
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Study Tip
Look Back

To review solving linear
equations, see Lesson 3-5.

Solve Using Substitution

Use substitution to solve the system of equations.

y=3x
X+2u= -2
Since i = 3x, substitute 3x for i in the second equation.
x + 2y = -21 Second equation
¥+ 23x)=-21 p=2%x
x +6x=-21 Simplify.
7x = —21 Combine like terms.
7; = _?-1 Divide each side by 7.
x=-3 simplify.
Use y = 3x to find the value of .
¥y = 3x First equation
y=3-13) x=-3
y=-9 The solution is (-3, —9).

Solve for One Variable, Then Substitute

Use substitution to solve the system of equations.

x+5y=-3
3x—2y=8

Solve the first equation for x since the coefficient of x is 1.

x4y =-3
x+ 5y — 5y =-3 - 5y
X =—3 —9y

First equation
Subtract 5y from each side.

Simplify.

Find the value of y by substituting —3 — 5y for x in the second equation.

3r—-2y=8
3( 3 - ?\J,r) — 2}/ =8
-9 - 15y -2y =8

-9 -17y - 8
-9 17+ 9=8+9
—17y =17
Wy 17
17 17
y=—1

Substitute —1 for y in either equation to find the value of x.

Second equation
x==3—5p

Distributive Property
Combine like terms.
Add 9 to each side.
Simplify.

Divide each side by —17.

Simplify.

Choose the equation that is easier (o solve.

x+5y=-3

x+5(-1)=-3

x—5=-3
x=2

First equation
y=-1

Simplify.

Add 5 to each side.

The solution is (2, —1). The graph verifies the solution.

(!,J www.algebral.com/extra_examples

oI

Lesson 7-2 Substitution 377



Dependent System

Use substitution to solve the system of equations.
bx — 2y =—4
y=3x+2
Since y = 3x + 2, substitute 3x + 2 for y in the first equation.
6x — 2iy = —4 First equation
6x —203x + 2)= 4 y=3x+2
6x — 6x — 4 = —4 Distributive Property
—4 = —4 simplify.
The statement —4 = —4 is true. This means that there are infinitely many solutions of

the system of equations, This is true because the slope-intercept form of both equations
is y = 3x + 2. That is, the equations are equivalent, and they have the same graph.

In general, if you solve a system of linear equations and the result is a true
statement (an identity such as —4 = —4), the system has an infinite number of
solutions. However, if the result is a false statement (for example, —4 = 5), the
system has no solution.

Study Tip

Alfecnative REAL-WORLD PROBLEMS Sometimes it is helpful to organize data before
Method solving a problem. Some ways to organize data are to use tables, charts, different
Using a system of types of graphs, or diagrams.

equations is an alternative

method for solving the Write and '5011/3 ad 5y5fam Of EQUGHOWS

weighted average
problems that you METAL ALLOYS A metal alloy is 25% copper. Another metal alloy is 50%
studied in Lesson 3-9, copper. How much of each alloy should be used to make 1000 grams of a metal

alloy that is 45% copper?

Let 2 = the number of grams of the 25% copper alloy and b = the number of
grams of the 50% copper alloy. Use a table to organize the information,

25% Copper | 50% Copper | 45% Copper

Total Grams

Grams of Copper 0.25a 0.50b 0.45(1000) )

The system of equations isa + b = 1000 and 0.252 + 0.50b = 0.45(1000). Use
substitution to solve this system.

a+b=1000 First equation
a+b - b=1000 b Subtract b from each side.
a = 1000 — b simplify.

0.25: + 0.500 = 0.45(1000) Second equation
0.25(1000 — b) + 0.500 = 0.45(1000) @ = 1000 — b

250 — 0.25b + 0.50b = 450 Distributive Property
250 + 0.25h = 450 Combine like terms.
250 + 0.25b — 250 = 450 — 2500  Subtract 250 from each side.
0.250 = 200 Simplify.
0256 _ 200

0.5 0,25 Divide each side by 0.25.

b = 800 simplify.
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a+ b — 1000 First equation

a + 500 = 1000 b =800
a+ 800 - 800 = 1000 — 8(0) Subtract 800 from each side.
i = 200 Simplify.
lZUU grﬂlms of the 25% copper alloy and 800 grams of the 50% copper alloy should
be used.

Check for Understanding

Concept Check 1. Explain why you might choose to use substitution rather than graphing to solve
a system of equations.

2. Describe the graphs of two equations if the solution of the system of equations
vields the equation 4 = 2.

3. OPEN-ENDED Write a system of equations that has infinitely many solutions.

Guided Praclice  Use substitution to solve each system of equations. If the system does not have
exactly one solution, state whether it has no solution or infinitely many solutions.

4. x =2y 5. Yy =3x =8 6. 2x+ 7y =3
4x +2y =15 y=4-x x=1-4y

7. 6x — 2y — 4 8 x +3y=12 9. y = ox
y=3x12 x—y=8 3x — 5y =15

Application 10. TRANSPORTATION The Thrust SSC
is the world’s fastest land vehicle.
Suppose the driver of a car whose top
speed is 200 miles per hour requests a
race against the SSC. The car gets a
head start of one-half hour. If there is

unlimited space to race, at what distance ’ Thrust S top
will the SSC pass the car? speed is 763 mph.

Practice and Apply

Homework Help Use substitution to solve each system of equations. If the system does not have
For { See exactly one solution, state whether it has no solution or infinitely many solutions.
Exercises : Examples
IS 1. v = 5x _ 12, x =4y 13. x =4y +5
%3 § @ 2x +3y =34 2x + 3y =44 X=3p=2
e ' 14. y = 2x +3 15. 4c = 3d+ 3 16. 4x + 5y — 11
Exfra Practice y=4x 1 e=d-1 y=3x-13
R 17. 8x + 2y = 13 18, 2x —y— 4 19, 3x - 5y =11
dx +y =11 “3x+ty=-9 x 3y=1
20. 2x + 3y =1 21, ¢ —5d =2 22 5r—9=5
—3x +y =15 2c+d=4 —4r + 55 =17
23. 3x - 2y = 12 24, x 3y =0 25. 03x+y=05
x+2y==6 B3r+y=7 0.5x — 0.3y = 1.9
26. 05x — 2y = 17 o iy =43 28, x=1y+3
2x +y = 104
Y y=2x—=1 2x—y=6b
(!,J www.algebral.com/self_check_quiz Lesson 7-2 Substitution 379
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29. GEOMETRY The base of the triangle is 4 inches
longer than the length of one of the other sides. Use a
system of equations to find the length of each side of
the triangle.

Perimeter = 46 in.

¥in.

30. FUND-RAISING The Future Teachers of America Club at Paint Branch High
School is making a healthy trail mix to sell to students during lunch. The mix will
have three times the number of pounds of raisins as sunflower seeds. Sunflower
seeds cost $4.00 per pound, and raisins cost $1.50 per pound. If the group has
$34.00 to spend on the raisins and sunflower seeds, how many pounds of each
should they buy?

31. CHEMISTRY MX Labs needs to make 500 gallons of a 34% acid solution. The
only solutions available are a 25% acid solution and a 50% acid solution. How
many gallons of each solution should be mixed to make the 34% solution?

32. GEOMETRY Supplementary angles are two angles whose measures have the
sum of 180 degrees. Angles X and Y are supplementary, and the measure of
angle X is 24 degrees greater than the measure of angle Y. Find the measures
of angles X and Y.

33. SPORTS At the end of the 2000 baseball season, the New York Yankees and
the Cincinnati Reds had won a total of 31 World Series. The Yankees had won
5.2 times as many World Series as the Reds. How many World Series did each

More About team Wt

JOBS For Exercises 34 and 35, use the following information.

Shantel Jones has two job offers as a car salesperson. At one dealership, she
will receive $600 per month plus a commission of 2% of the total price of the
automobiles she sells. At the other dealership, she will receive 51000 per month
plus a commission of 1.5% of her total sales.

34. What is the total price of the automobiles that Ms. Jones must sell each month
to make the same income from either dealership?

35. Explain which job offer is better.

TOULIFISIT #r2essenssnnnsansans :

Every year, multitudes of 36. LANDSCAPING A Dblue spruce grows an average of 6 inches per year. A hemlock
visitors make their way o : grows an average of 4 inches per year. If a blue spruce is 4 feet tall and a hemlock
South America to stand in ¢ is 6 feet tall, when would you expect the trees to be the same height?

awe of Machu Picchu, the  :

spectacular ruins of the :

Lost City of the Incas. ‘.0 37. TOURISM In 2000, approximately 40.3 million tourists visited South America
Source: W aboutcam and the Caribbean. The number of tourists to that area had been increasing at

an average rate of (.8 million tourists per year. In the same year, 17.0 million
tourists visited the Middle East. The number of tourists to the Middle East had
been increasing at an average rate of 1.8 million tourists per year. If the trend
continues, when would you expect the number of tourists to South America
and the Caribbean to equal the number of tourists to the Middle East?

38. RESEARCH Use the Internet or other resources to find the pricing plans for
various cell phones. Determine the number of minutes you would need to use
the phone for two plans to cost the same amount of money. Support your
answer with a table, a graph, and/or an equation.

380 Chapter 7 Solving Systems of Linear Equations and Inequalities

s [ conents 2



39. CRITICAL THINKING Solve the system of equations. Write the solution as an
ordered triple of the form (x, 1, 2).
2x + 3y —z=17
y=-—3z—-7
2x =z+ 2

40. UMDl Answer the question that was posed at the beginning of
the lesson.

How can a system of equations be used to predict media use?
Include the following in your answer:
» an explanation of solving a system of equations by using substitution, and

e the year when the number of hours spent reading daily newspapers is the
same as the hours spent online.

\jfd nddrdized 41, When solving the following system, which expression could be substituted for x?

Test Practice x4y -1
o i ces <> 2y =By 9
@® 4y -1 ®1-4 ©3y-9 @ 93y
42. Tfx — By = —9and 5x — 2y — 7, what is the value of x?
® 1 2 ©3 4

Maintain Your Skills

Mixed Feview Graph each system of equations. Then determine whether the system has no
solution, one solution, or infinitely many solutions. If the system has one solution,
name it. (Lesson 7-1)
43. x ty=3 4. x 1 2y =1 45, 2x L y=3
x+ty=4 22+ y=05 4+ 2y =6

Graph each inequality. (Lesson 6-6)
46. ¥y < -5 47, x =4 48. 2x +y>6

49. RECYCLING When a pair of blue jeans is made, the leftover denim scraps can be
recycled. One pound of denim is left after making every five pair of jeans. How
many pounds of denim would be left from 250 pairs of jeans? (Lesson 3-6/

écm‘ng fzﬂddy for PREREQUISITE SKILL Simplify each expression.
the Next Lesson (To review simplifying expressions, see Lesson 1-5.)
50. 6a — Ya 51. 8t + 4t 52. ~7¢ - 8g 53. 7d — (24 + b)

Practice Quiz 1 Lessons 7-1 and 7-2

Graph each system of equations. Then determine whether the system has no solution,
one solution, or infinitely many solutions. If the system has one solution, name it. (Lesson 7-1
L xty=3 2. 3x—2y=-6

x—y=1 3x—29=6

Use substitution to solve each system of equations. If the system does nof have
exactly one solution, state whether it has no solution or infinitely many solutions. (Lesson 7-2)

3 x+y=0 4 x=2y=>5 5 &= 2
St y= =8 3x =5y = 8 =2=%
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Elimination Using
Addition and Subtraction

Solve systems of equations by using elimination with addition.

Solve systems of equations by using elimination with subtraction,

Vacqbu[qn{ Hpy Can you usea system of equations

to solve problems about weather?

elimination
On the winter solstice, there are fewer hours of daylight in the Northern
- Hemisphere than on any other day. On that day in Seward, Alaska, the

difference between the number of hours of darkness i and the number of hours
of daylight d is 12. The following system of equations represents the situation.

n+d=24
w—d=12
Notice that if you add these equations, the variable d is eliminated.
n+d=24
(1 —d-12
2n = 36

ELIMINATION USING ADDITION Sometimes adding two equations
together will eliminate one variable. Using this step to solve a system of equations

is called elimination.
Elimination Using Addition

Use elimination to solve each system of equations.
3x —5y=-16
2x+ 5y =31
Since the coetficients of the y terms, —5 and 5, are additive inverses, you can
eliminate the y terms by adding the equations.
3r —5y= 16 Write the equations in column form and add.

(H)2x+5y= 31
ox = 15 Notice that the y variable is eliminated.
5? = 1;5 Divide each side by 5.
Xx=3 Simplify.

Now substitute 3 for x in either equation to find the value of y.
3x -3y =-16 First equation
3(3) - 5y=-16 Replace x with 3.
9—-5y=-16 Simplify.

9 -5y  9=-16-9 subtract 9 from each side.
—5y=-25 simplify.
-5 i
—-;;Ef < —iﬁ Divide each side by —5.
y=25 Simiplify.

The solution is (3, 3).
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Write and Solve a System of Equations

Twice one number added to another number is 18. Four times the first number
minus the other number is 12. Find the numbers.

Let x represent the first number and y represent the second number.

Twice one number added to another number is 18.
R Ty et e — —

Study Tip 2x + Yy = 18

Look Back Four times the first number minus the other number s 12.
¢ 2 - - e —_— o eyt
To review translating A — 1 = 12
verbal sentences ¥
:_T;:‘lﬁﬁ""‘- see Use elimination to solve the system.
i 2y +y =18 Write the equations in column form and add.
(H)dx — y =12
bx =30 Notice that the variable y is eliminated.
f;x = 3:? Divide each side by 6.
x =5 simplify.
Now substitute 5 for © in either qu‘laﬁ'ﬂl‘l to find the value of y.
4 -y =12 Second equation
45) -y =12 Replace x with 5.
20-y=12 simplify.

20—y - 20 =12 - 20 Subtract 20 from each side.
~y =8 Simplify.
= A

=1 Divide each side by —1.

y=8 The numbers are 5 and 8.

ELIMINATION USING SUBTRACTION Sometimes subtracting one

equation from another will eliminate one variable.

Elimination Using Subiraction

Use elimination to solve the system of equations.
5s+2f=6
9s + 2t = 22

Sinee the cocefficients of the t terms, 2 and 2, are the same, you can climinate the
t terms by subtracting the equations.

5 +2t= 6 Write the equations in column form and subtract.
(—)Y9s +2t= 22
—4s = -16 Notice that the variable t is eliminated.
7—? = 7146 Divide each side by —4.
s=4 Simplify.
Now substitute 4 for s in either equation to find the value of t.
55+ 2t=6 First equation
5(4) +2t=6 s=4
20+ 2t =6 Simplify.

20+ 2t — 20 =6  20) Subtract 20 from each side.
2t = —14 Simplify.

A Divide each side by 2.

- ]

t=-7 The solution is (4, —7).
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\ifandardr‘zad Elimination Using Subtraction

Test Practice : .
s - —p  Multiple-Choice Test Item

Ifx — 3y = 7and x + 2y = 2, what is the value of x?

@ 4 -1 © (_1!4) @ (4: _1)
e e Read the Test Item
C';?BWGW You are given a system of equations, and you are asked to find the value of x.
Test_Taking Tlp Solve the Test Ttem
Always read the question You can eliminate the x terms by subtracting one equation from the other.
carefully. Ask yourself, x —3y =7  Write the equations in column form and subtract,
"'tht does the question ()x+ 2}} _9
ask?" Then answer that - = =
question. ~5y=5 Notice the x variable is eliminated.
5y 5 i 1
% = _r Divide each side by -5.
y= -1 simplify.
Now substitute —1 for i in either equation to find the value of x.
x+2y=2 Second equation
x+2-1=2 y=-1
2=2=2 Simplify.
x—21+2=212 Add2to each side.
x=4 Simplify.

Notice that B is the value of y and D is the solution of the system of equations.
However, the question asks for the value of x, The answer is A.

Check for Understanding

Concept Check 1. OPEN ENDED Write a system of equations that can be solved by using addition
to eliminate one variable.

2. Describe a system of equations that can be solved by using subtraction to
eliminate one variable.

3. FIND THE ERROR Michael and Yoomee are solving a system of equations.

Michael Yoomee
Ireg=5 ¥ +s=z=5
({r=s=1 Gr=t1
Zr =0 r - 4
r r-sci
Lrtis =9 4-5z1
2(2)+5=5 )
f4¢=5 5= %
s=1 The solution is (4, 3).

The solution is (2, 1).

Who is correct? Explain your reasoning.
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(auided Practice  Use elimination to solve each system of equations.

4. x —y=14 5. 20— 3b=-11 6. dx +y=-9
x+y=20 a+3bh=8 dx + 2y =10

7. 6x + 2y = 10 8. 20 +4b =30 9. —4mn+2n=6
2x +2y = —10 —2a—2b=-215 ~4m +n -8

10. The sum of two numbers is 24. Five times the first nuumber minus the second
number is 12, What are the two numbers?

\ Standardized 11. 1£2x + 7y = 17 and 2x + 5y = 11, what is the value of 2y?
T&ﬁf Practice @ -4 3 © 3 @ 6

el e

Practice and Apply

Homework Help Use elimination to solve each system of equations.
Erakis | Ik 12, &+ y= =B 1B.s—t -4 14, 3m — 2 ~ 13
e T3 x—y=1 s+t=2 m+ 2=y
343_3.: i 15. —4x +2y =8 16. 30 + b =5 17. 2m — 5n = —6
. dx = 3y =-10 20+ b =10 2m —Tn=—14
Extra Practice 18. 3r — 55 = —35 19. 134 + 56 = —11 20. 3x — 5y = 16
R A, 2r — 55 = 30 13a + 116 =7 ~3x+2y=-10
21, 6s | 5t =1 22, 4x 3y =12 23.a 20=5
65 — 5t = 11 dx 4 3y =24 3 -26=9
24, 4x + 5y =7 25, 8 + b =1 26. 144 x - 3.24y = -5.58
8x + 5y =9 81 - 3b -3 L08x + 3.24y = 9.99
27. 72m + 451 = 12906 28, 3¢~ +d =9 29. 2x - 1y =14
More About 72m + 6.7n = 136.54 7 1 5. 1
gC + Ed =11 gx . 18

30. The sum of two numbers is 48, and their difference is 24. What are the numbers?
31. Find the two numbers whose sum is 51 and whose difference is 13,

32, Three times one number added to another number is 18, Twice the first number
minus the other number is 12. Find the numbers.

33. One number added to twice another number is 23. Four times the first number
added to twice the other number is 38. What are the numbers?

Mammoth Cave in {34, BUSINESS In 1999, the United States produced about 2 million more motor
Kentucky was declareda

national parkin 19411t vehicles than Japan. Together, the two countries produced about 22 million
has more than 336 miles  ° motor vehicles. How many vehicles were produced in each country?
of explored caves, making
it the longest recorded =» 35. PARKS A youth group and their leglders visited Mammoth Cave_-. Two adults
cave system in the world. and 5 students in one van paid $77 for the Grand Avenue Tour of the cave. Two
Source: Natonal Park Service adults and 7 students in a second van paid $95 for the same tour. Find the adult
price and the student price of the tour.
36. FOOTBALL During the National Football League’s 1999 season, Troy Aikman,
the quarterback for the Dallas Cowboys, earned $0.467 million more than
Deion Sanders, the Cowboys cornerback, Together they cost the Cowboys
$12.867 million. How much did each player make?
{ _! ' www.algebral.com/self_check_quiz Lesson 7-3 Elimination Using Addition and Subtraction 385
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Standardized

\ Test Prdctice
@ 8 e b

POPULATIONS For Exercises -

g

37-39, use the information in the | USA TODAY Snapshots® DDA
graph at the right.
- 9 . .
37. Let x represent the number l“ql__a s exploding [J?pllhtlﬂl’l
KB Y St SRS Dophla Eatie i o ot e papels

represent population in ]tJmE:ly vs. predicted in 2050 (in billions):
billions. Write an equation to

2000
represent the population of china ARUARAR AR MASAAAR AN 128
Chioa. o MR 0

38. Write an equation to represent LSA * 028
the population of India. Indonesia A 0.21

39. Use elimination to find the year 2050
when the populations of China india ANRARAN IAAMMINARAR Y 153

and India are predicted to be china UARAR AR MRERARAR K 152
the same. What is the predicted ush AMARA 0.39

population at that time? pakistan NAARM 0.36

Sotiroe: Population Reference Burean, United Nations Papulation Division
By Anne R Careyand Kay Worthinzron, USA TODAY

40. CRITICAL THINKING The graphs of Ax + By = 15and Ax — By = 9 intersect at
(2,1). Find A and B.

41, WENGEREREESE]  Answer the question that was posed at the beginning of
the lesson.

How can you use a system of equations to solve problems about weather?
Include the following in your answer:

* an explanation of how to use elimination to solve a system of equations, and
* a step-by-step solution of the Seward daylight problem.

42, If 2x - 3y = —9and 3x - 3y = —12, what is the value of y?

@ -3 1 © (-3, 1) @1, -3
43. What is the solution of 4x + 2y = 8 and 2x + 2y = 2?7
@ (-2,3) 3,.2) @© (3, -2) @ (12, -3)

Maintain Your Skills

Mixed Review

Getting Ready for
the Next Lesson

Use substitution to solve each system of equations. If the system does not

have exactly one solution, state whether it has no solution or infinitely many

solutions. (lesson 7-2

44, y = 5x 45. x =2y + 3 46. 2y —x = -5
X4+2p=22 3x +4y= -1 dy — 3x= -1

Graph each system of equations. Then determine whether the system has no

solution, one salution, or infinitely many solutions. If the system has one solution,

name it. (Lesson 7-1)

47. x —y =3 48. 2x — 3y =7 49, 4x +y =12
Ixt+y=1 By =712z sz—éyf

50. Write an equation of a line that is parallel to the graph of y = %x — 3 and passes
through the origin. (Lesson 5-6)

PREREQUISITE SKILL Use the Distributive Property to rewrite each expression
without parentheses. (7o review the Distributive Property, see Lesson 1-5,)

51. 2(3x + 4y) 52. 6(20 — 5b) 53. —3(—2m -+ 3n) 54. —5(4 — 2s)
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Elimination Using
Multiplication

Solve systems of equations by using elimination with multiplication.

Determine the best method for solving systems of equations,

can a manager use a system of eguations

How to plan employee time?

The Finneytown Bakery is making peanut butter cookies and loaves of quick
bread. The preparation and baking times for each are given in the table below.

For these two items, the management has allotted 800 minutes of employee time
and 900 minutes of oven time. If ¢ represents the number of batches of cookies
and b represents the number of loaves of bread, the following system of
equations can be used to determine how many of each to bake.

20c + 108 = 800
10c + 30h = 900

ELIMINATION USING MULTIPLICATION Neither variable in the system

above can be eliminated by simply adding or subtracting the equations. However,
you can use the Multiplication Property of Equality so that adding or subtracting
eliminates one of the variables.

Multiply One Equation to Eliminate

Use elimination to solve the system of equations.

3x+4y =256

bx + 2y = —4

Multiply the second equation by —2 so the coefficients of the y terms are additive
inverses. Then add the equations.

3 tdy=6 el =8
5¢ +2y= 4 Multiplyby -2. (+) 10x 4y =8
—7x = 14 Add the equations.

_7.‘? = -1%—, Divide each side by -7.

x = -2 Simplify.
Now substitute —2 for x in either equation to find the value of y.
3v+4y=6 First equation
3(-2)+4y=6 XK= -2
6+ 4y =6 Simplify.
~6+4y + 6 =6+ 6 Add6toeach side.
4y =12 Simplify.

—_ly = l—f Divide each side by 4.
y=3 The solution is (—2, 3).
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Using
Mulfiplication

There are many other
combinations of
multipliers that could be
used to solve the system
in Example 2. For
instance, the first equation
could be multiplied by —2
and the second by 3.

For some systems of equations, it is necessary to multiply each equation by a
different number in order to solve the system by elimination. You can choose to
eliminate either variable.

Multiply Both Equations to Eliminate

Use elimination to solve the system of equations.
3x+4y=-25
2x =3y =06

Method 1 Eliminate x.

3x + 4y = —25  Multiply by 2. 6x + 8y = —50
2x -3y =106 Multiply by —3. (+) —6x+9y =18
17y = —68 Add the equations.
17y _ 68 .. ;
l,;' = 47 Divide each side by 17.
y=—4  simplify.
Now substitute —4 for y in either equation to find the value of x.
2¢ -3y =86 Second equation
2 — B(-4) =6 -
2x+ 12 =6 Simplify.
2x +12 — 12 =6 — 12 Subtract 12 from each side.
2% = = Simplify.
¥ .= Divide each side by 2.
ux = _"3 simplify.

The solution is (-3, —4).

Method 2 Eliminate y.

3x +4y = -25 Multiply by 3. O9x + 12y = —75
2x—3y==6 Multiply by 4. (+)8x — 12y = 24
17x = —51 Add the equations.
117;:76 = _]5’_1 Divide each side by 17.
x= -3  Simplify.

Now substitute —3 for x in either equation to find the value of y.

2y —-3y==96 Second equation
2(-3)—-3y=6 x=—3
-6 — 3;1/ =6 Simplify,
—6—3y + 6=6+ 6 Add 6 to each side.
-3y =12 Simplify.
_:jl'{ S 12._,. Divide each side by —3.
- y= -4 Simplify.

The solution is (—3, —4), which matches the result obtained with Method 1.
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DETERMINE THE BEST METHOD You have learned five methods for

solving systems of linear equations.

Solving Systems of Equations

- Method The Best Time to Use

to estimate the solution, since graphing usually does not give an
exact solution

Graphing

Substitution if one of the variables in either equation has a coefficient of 1 or —1

Elimination
Using Addition

Elimination
Using Subtraction

Elimination Using
Multiplication

if one of the variables has opposite coefficients in the two equations

if one of the variables has the same coefficient in the two equations

if none of the coefficients are 1 or —1 and neither of the variables
can be eliminated by simply adding or subtracting the equations

Determine the Best Method

Determine the best method to solve the system of equations, Then solve the

system.
4y — 3y =12
x+2y=14

» For an exact solution, an algebraic method is best.

* Since neither the coefficients of x nor the coefficients of y are the same or
additive inverses, you cannot use elimination using addition or subtraction.

* Since the coefficient of x in the second equation is 1, you can use the substitution
method. You could also use elimination using multiplication.

The following solution uses substitution. Which method would vou prefer?

Study Tip

Alternative x+2y=14 Second equation
Method x+ 2y — 2y =14 — 2y Subtract 2y from each side.
This system could also be : R
solved easily by x =14 — 2y Simplify.
multiplying the second
equation by 4 and then 4y -3y =12 First equation
btracting th ations.
subtracting the equations 414 2y) 3y =12 ——_—
56 — 8y — 3y - 12 Distributive Property
56 — 11y = 12 Combine like terms,
56 — 11y — 56 = 12~ 56 Subtract 56 from each side.
-1y = —4 Simplify.
= =
_]_['j = ‘ﬁ Divide each side by —11.
y—4 simplify.
x+2y=14 Second equation
x+2(4) =14 y=4
x+8=14 Simplify.
*x+8  8=14 8 Subtract 8 from each side.
x=6 Simplify.

The solution is (6, 4).

(‘!,'}' www.algebral.com/extra_examples
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Write and Solve a System of Equations

;= TRANSPORTATION A coal barge on the Ohio River travels 24 miles upstream in
: 3 hours. The return trip takes the barge only 2 hours. Find the rate of the barge
in still water.
Let b = the rate of the barge in still water and ¢ = the rate of the current. Use the
formula rate * time = distance, or rt = d.

More About

Downstream

Transportation e......: Upstream
Abgut 203 milior tons of This system cannot easily be solved using substitution. It cannot be solved by just
et e Famparied e adding or subtracting the equations.
the Ohio River each year g or: & q :
making it the second most The best way to solve this system is to use elimination using multiplication. Since
used commercial river in the problem asks for b, eliminate c.
the United States.
Source: World Book 2h 1 2¢ =24 Multiply by 3. 6b + 6c =72

Encyelopedia 3h — 3¢ =24 Multiplyby2. (+)6b — 6c =48

125 =120 Add the equations.
126 120

"~ 12 Divide each side by 12.

b =10 simpliy.

The rate of the barge in still water is 10 miles per hour.

Check for Understanding

Concept Check 1. Explain why multiplication is sometimes needed to solve a system of equations
by elimination.

2. OPEN ENDED Write a system of equations that could be solved by multiplying
one equation by 5 and then adding the two equations together to eliminate one
variable.

3. Describe two methods that could be used to solve the following system of
equations. Which method do you prefer? Explain.
a—-b=5
20 | 3b =15

Gauided Practice  Use elimination to solve each system of equations.

4. 2x —y==6 6. x+ 5y =4
Bxr+dy=-2 3x — 7= —10
6. dx +7y =6 7. 4x + 2y = 105
bx + 5y = 20 2x + 3y = 10.75
Determine the best method to solve each system of equations. Then solve the
system.
8. 4x + 3y =19 9. 2x —Ty=6
3x — 4y -8 2x +7y =4
10. y =4x + 11 11 5x -2y =12
Ix=—2==7 3x -2y =2
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Application 12.

BUSINESS The owners of the River View Restaurant have hired enough servers
to handle 17 tables of customers, and the fire marshal has approved the restaurant
for a limit of 56 customers. How many two-seat tables and how many four-seat
tables should the owners purchase?

Practice and Apply

Homework Help

For Ses

Use elimination to solve each system of equations.

Exercises | Examples 13. 52+ 3y =6 14, x+y=3 15. 2x +y =5
T e r—-y=4 2x — 3y =16 3x — 2y =4
;;jg : 16. 4x — 3y = 12 17. 5x — 2y = —15 18. 8x — 3y = 11
x+2y =14 3x + 8y =37 2x — 5y =27
Exira Practice 19. 4x - 7y = 10 20. 2x — 3y =2 21. 1.8x — 0.3y = 144
558 pagen. 3x +2y =7 5x¢ + 4y = 28 x — 0.6y = 2.8
22. 04x + 051y =25 23. 3x — %y =10 24, 2x + %y =4

25.

26.

12x — 35y = 25

5x+%y=8 x——;-],-‘=7

Seven times a number plus three times another number equals negative one,
The sum of the two numbers is negative three. What are the numbers?

Five times a number minus twice another number equals twenty-two. The sum
of the numbers is three. Find the numbers.

Determine the best method to solve each system of equations. Then solve the

system.
27. 3x — 4y = 10 28, 9x - 8y - 42 29. ¥ = 3x
S5x +8y= -2 4r + 8y = -16 3x + 4y = 30
30. x =4y + 8 3. 2x -3y =12 32, &x — 2y =14
More About 2x —8y = —3 xtdy=12 y=x
3B.x-y=2 3. y=2x+9 35. 6x —y =9
PN 5x + 3y =18 xr—y=-9 ox —y =11
,-t‘?’ 36. x - 8y a7 2 -Ly-u 38 1x-Zy-1
' : 2x + 3y =38 . ;
- v %x = %y = 18 %x 2y = —25
:*39. BASKETBALL In basketball, a free throw is 1 point and a field goal is either

8

2 points or 3 points. In the 2000-2001 season, Kobe Bryant scored a total of 1938
points, The total number of 2-point field goals and 3-point field goals was 701.
Use the information at the left to find the number of Kobe Bryant’s 2-point field
goals and 3-point field goals that season.

W Online Eesearch Data Update What are the current statistics for Kobe
L&+ Bryant and other players? Visit www.algebral.com/data update to learn more.

Basketball »

In the 2000-2001 season,
Kobe Bryant ranked 18th
in the NBA in free-throw
percentage. He made 475

40. CRITICAL THINKING The solution of the system 4x + 5y = 2and 6x — 2y = b
is (3, #). Find the values of 7 and b.

of the 557 free throws that ;
he atlem'pted. 41. CAREERS Mrs. Henderson discovered that she had accidentally reversed the
P digits of a test and shorted a student 36 points. Mrs. Henderson told the student

that the sum of the digits was 14 and agreed to give the student his correct score
Pplus extra credit if he could determine his actual score without looking at his
test. What was his actual score on the test?

L_._.__,. ' www.algebral.com/self_check quiz Lesson7-4 Elimination Using Multiplication 391
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42. NUMBER THEORY The sum of the digits of a two-digit number is 14. Tf the
digits are reversed, the new number is 18 less than the original number. Find the
original number.

43. TRANSPORTATION Traveling against the wind, a plane flies 2100 miles from
Chicago to San Diego in 4 hours and 40 minutes. The return trip, traveling with
a wind that is twice as fast, takes 4 hours. Find the rate of the plane in still air.

44, QISR  Answer the question that was posed at the beginning of
the lesson.

How can a manager use a system of equations to plan employee time?
Include the following in your answer:

* a demonstration of how to solve the system of equations concerning the
cookies and bread, and

e an explanation of how a restaurant manager would schedule oven and
employee time.

Standardized 45, 1§5x + 3y = 12 and 4x — 5y = 17, what is the value of y?
Test Practice ® -1 3 © (-1,3) @ (3,-1)

o CBD - Db
46. Determine the number of solutions of the system x + 2y = —land 2x + 4y = —2.

0 1 @ 2 (@ infinitely many

Maintain Your Skills

Mixed [Eeview Use elimination to solve each system of equations. (Lesson 7-3)
47. x +y =8 48. 2r +s =5 49, x +y =18
x-y=4 r—s=1 x+ 2y =25

Use substitution to solve each system of equations. If the system does not have
exactly one solution, state whether it has no solution or infinitely many solutions.

{Lesson 7-2)
50. 2x + 3y = 3 5. x ty =0 52. x -2y =7
x = -3y 3x+1y=-8 —3x +6y=-21

53. CAREERS A store manager is paid $32,000 a year plus 4% of the revenue the
store makes above quota. What is the amount of revenue above quota needed
tor the manager to have an annual income greater than $45,000? /Lesson 6-3)

(aetting Ready for PREREQUISITE SKILL  Graph each inequality.
fhg Next Lesspn (To review graphing inequalities, see Lesson 6-6.)

54, y=x 7 55, x+ Jy=9 56. y=x 7. “Bx+y=-1
[Practice Quiz 2 Lessons 7-3 and 7-4
Use elimination to solve each system of equations. (Lessons 7-3 and 7-4)
1. 5x +4y =2 2. 2x -3y =13 3. 60 — 2y =24 4 5x +2y=4
3x —dy = 14 2 + 2y = 2 3x + 4y = 27 10x + 4y = 9

5. The price of a cellular telephone plan is based on peak and nonpeak service. Kelsey
used 45 peak minutes and 50 nonpeak minutes and was charged $27.75. That same
month, Mitch used 70 peak minutes and 30 nonpeak minutes for a total charge of
$36. What are the rates per minute for peak and nonpeak time? (Lesson 7-4)
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Reading Mathematics

Making Concept Maps

After completing a chapter, it is wise to review each lesson’s main topics and vocabulary.
In Lesson 7-1, the new vocabulary words were system of equations, consistent,
inconsistent, independent, and dependent. They are all related in that they explain
how many and what kind of solutions a system of equations has.

A graphic organizer called a coneept map is a convenient way to show these relationships.
A concept map is shown below for the vocabulary words for Lesson 7-1. The main
ideas are placed in boxes. Any information that describes how to move from one box
to the next is placed along the arrows.

[System of Equations|

solution exists no solution

one solution infinite solutions

Independent Dependent

Concept maps are used to organize information. They clearly show how ideas are
related to one another. They also show the flow of mental processes needed to solve
problems.

Reading to Learn
Review Lessons 7-2, 7-3, and 7-4.
1. Write a couple of sentences describing the information in the concept map above.

2. How do you decide whether to use substitution or elimination? Give an example
of a system that you would solve using each method.

3. How do you decide whether to multiply an equation by a factor?

4. How do you decide whether to add or subtract two equations?

5. Copy and complete the concept map below for solving systems of equations by
using either substitution or elimination.

|System of Equations|

one variable has a variables have
coefficient of 1 or -1 any coefficients

opposite s_iWe' sign I'_:l

Reading Mathematics Making Concept Maps 393
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Graphing Systems
of Inequalities

Solve systems of inequalities by graphing,

Solve real-world problems involving systems of inequalities,

Vocqbular’y Hpy €20 you use a system of
system of inequalities

inequalities to plan a sensible diet?

Joshua watches what he eats. ’ ;
His doctor told him to eat Joshua’s Diet
between 2000 and 2400 Calories '

per day. The doctor also wants - —+—%
him to keep his daily fat intake Rl
between 60 and 75 grams. The s
graph indicates the appropriate Qapﬁ“’pl_’l'a:;l
amounts of Calories and fat for ——an
Joshua. The graph is of a system
of inequalities, He should try to
keep his Calorie and fat intake
to amounts represented in the 500 1000 1500 2000 2500
green section. Calories per Day

o~
(=i

w
(=]

w
(=]

Fat Grams per Day
n &
o [ =]

—
o

o

SYSTEMS OF INEQUALITIES To solve a system of inequalities, you need to
tind the ordered pairs that satisfy all the inequalities involved. One way to do this is
to graph the inequalities on the same coordinate plane. The solution set is represented
by the intersection, or overlap, of the graphs.

Solve by Graphing

Solve the system of inequalities by graphing. ¥
5fUdY TfP y<-—-x+1 bt y .
Look Back y=2+3 __x.,.'{‘T J=2k 30
To review graphing The solution includes the ordered pairs in the = Yy
lirjear inequalities; s intersection of the graphsof y < —x +1 and )5 LS
Lesson &-6. y = 2x + 3. This region is shaded in green at the right. N
The graphsof y = —x + 1and y = 2x + 3 are =
boundaries of this region. The graph of y = —x + 1 is

dashed and is not included in the graph of y < —x + 1.
The graph of y = 2x + 3 is included in the graph of y = 2x + 3.

No Solution PAREL

Solve the system of inequalities by graphing, L o

x—y<-1 A\ A

X - g >3 \;( ;L';
; : 2| |0 | x

The graphs of x — y = —1 and x — y = 3 are parallel / i

lines. Because the two regions have no points in P J [y —y=3

common, the system of inequalities has no solution. £ S
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More About

«.’-oﬂega .

FSU is the most wired
campus in Florida and has
been recently ranked the
16th most technologically
connected university in the
nation.

Source: www.isu.edu

(5

You can use a TI-83 Plus to solve systems of inequalities.

Graphing Calculator Investigation
Graphing Systems of Inequalities

To graph the system y = 4x — 3 and

y= —2x + 9 on a TI-83 Plus, select the SHADE
feature in the DRAW menu. Enter the function
that is the lower boundary of the region to be
shaded, followed by the upper boundary. (Note
that inequalities that have > or = are lower
boundaries and inequalities that have < or

= are upper boundaries.)

ghade (403, -2a+3] |

Think and Discuss

1. To graph the system y = 3x | 1 and
y= —2x - 5 on a graphing calculator,
which function should you enter first?

2. Use a graphing calculator to graph the
systemy=3x + landy= -2x - 5.

3. Explain how you could use a graphing
calculator to graph the system 2x + y =7 [—10, 10] sel: 1 by [—10, 10] sel: 1
and x — 2y = 5.

4. Use a graphing calculator to graph the system 2x + y =7 and x - 2y = 5. J

A

REAL-WORLD PROBLEMS In reallife problems involving systems of

inequalities, sometimes only whole-number solutions make sense.

2L Use a System of Inequalities to Solve a Problem
:++#» COLLEGE The middle 50% of first-year students attending Florida State

University score between 520 and 620, inclusive, on the verbal portion of the
SAT and between 530 and 630, inclusive, on the math portion. Graph the scores
that a student would need to be in the middle 50% of FSU freshmen.

Words The verbal score is between 520 and 620, inclusive. The math score
is between 530 and 630, inclusive,

Variables If » = the verbal score and
m = the math score, the following
inequalities represent the middle

e . s : m
% of Florida State University 800 i !l
freshmen. - ——
= y £ 600 I =
Inequalities  The verbal score is between 3 = i
« 520 and 620, inclusive. £ 400 |[50% of 1
o
520 =< v < 620 P i L
200 |—HFreshmen
T T 1
The math score is between o [ 1] v
« 530 and 630, inclusive. 200 400 600 800
530 = m =630 Verbal Score

The solution is the set of all ordered pairs whose graphs are in the intersection of
the graphs of these inequalities. However, since SAT scores are whole numbers,
only whole-number solutions make sense in this problem.

' www.algebral.com/extra_examples Lesson 7-5 Graphing Systems of Inequalities 395
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Use a System of Inequalities

AGRICULTURE To ensure a growing season of sufficient length, Mx. Hobson
has at most 16 days left to plant his corn and soybean crops. He can plant corn at
a rate of 250 acres per day and soybeans at a rate of 200 acres per day. If he has at
most 3500 acres available, how many acres of each type of crop can he plant?

Let ¢ = the number of days that corn will be planted and s = the number of days
that soybeans will be planted. Since both ¢ and s represent a number of days,
neither can be a negative number. The following system of inequalities can be used
to represent the conditions of this problem.

c=0 A=
ii 250c + 2005 = 3500|>*

s=0 — 1N/ =

14
ct+s=16 —12
250c + 2005 < 3500 i
The solution is the set of all ordered pairs whose WG N IE;" i 15]
graphs are in the intersection of the graphs of these | |, A\V'd
inequalities. This region is shown in green at the '

ge

right. Only the portion of the region in the first ol 2 T ‘I’ T 1|0 121

quadrant is used since ¢ = () and s = (.

B

Any point in this region is a possible solution. For example, since (7, 8) is a point
in the region, Mr. Hobson could plant corn for 7 days and soybeans for 8 days. In
this case, he would use 15 days to plant 250(7) ar 1750 acres of corn and 200(8) or
1600 acres of soybeans.

Check for Understanding

Concept Check 1. OPEN ENDED Draw the graph of a system of Wy

2

396 Chapter 7 Solving Systems

inequalities that has no solution. h

Determine which of the following ordered pairs ¥
represent a solution of the system of inequalities i
graphed at the right. [5] Nl

a. (31 b. (~1,-3) S
e (2,3 d. 4, -2) .
e (3, -2) £ (1,4)

- FIND THE ERROR Kayla and Sonia are solving the system of inequalities

x+2y=-2andx —y>1

-Kay]a Sonia

Who is correct? Explain your reasoning.

of Linear Equations and Inequalities
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(auided Prdctice Solve each system of inequalities by graphing.

4. x>5 5. y>3 6 p=—=3 13
y=4 y>—x+4 y=x+3
7.2x+y=4 B. 2y +x <6 9. x = 2y=2
y=-2x-1 3x —y>4 3+ 4y =12
x=0

App!iz:aﬁon HEALTH TFor Exercises 10 and 11, use the following information.
Natasha walks and jogs at least 3 miles every day. Natasha walks 4 miles per hour
and jogs 8 miles per hour. She only has a half-hour to exercise.

10. Draw a graph of the possible amounts of time she can spend walking and jogging.
11. List three possible solutions.

Practice and Apply

Homework Help Solve each system of inequalities by graphing,
Bt | Esamgles 12. y<0 13. x> 4 Woy= 2
[EE R R =0 y=-1 ¥y x<1
29-31, 13-4 15, ¥=2 16. x =3 17. y =25+ 1
kg ¥yt x5 xFy>2 y=-x+1
Exira Practice 18. y<2x+1 19. y —x<1 20, y —x<3
See page 836. y=-x+3 y—x>3 y-—x=2
er Choi 21. 2x ty=4 22, 3x -4y <1 23, x ty=>4
Carrar' !'_5 3x—y=6 X2y =7 =2%+ By =-—12
24, 2x +y=-4 25 y=x+3 26, x <2
=5 + 2= 1 v - 7y =4 dy > x
Ix+2y=6 2x —y>-9
x+3y<9

Write a system of inequalities for each graph.
27. ¥y 28. Yy I

Visual Artist e-eeee : ; =

Visual artists create artto  : 7 X >(’
communicate ideas. The ~ : ‘ P

work of fine artists is made P Al .
for display. lllustrators and  : | bl
graphic designers produce  : L
art for clients, such as g
advertising and publishing

s ART For Exercises 29 and 30, use the following information.

companies. ;

¢ A painter has exactly 32 units of yellow dye and 54 umits of blue dye. She plans to
B puline Research mix the dyes to make two shades of green, Each gallon of the lighter shade of green
For information about requires 4 units of yellow dye and 1 unit of blue dye. Each gallon of the darker
a career as a visual shade of green requires 1 unit of yellow dye and 6 units of blue dye.
artist, visit: 29. Make a graph showing the numbers of gallons of the two greens she can make.

www.algebral.com/

e 30. List three possible solutions.

31. HEALTH The LDL or “bad” cholesterol of a teenager should be less than 110.
The HDL or “good” cholesterol of a teenager should be between 35 and 59.
Make a graph showing appropriate levels of cholesterol for a teenager.

32. |CRI|TICA|. THINKING Write a system of inequalities that is equivalent to
x| =4,

(:!,,." www.algebral.com/self_check_quiz Lesson 7-5 Graphing Systems of Inequalities 397

> contens §°3



MANUFACTURING For Total Hours
Exercises 33 and 34, use the Machine | JHours | ‘Hours | o0 i kle
following information. Each Week

per Desk | per Table

The Natural Wood Company has —
machines that sand and varnish Sa"émg = = i)
desks and tables. The table gives LVarn ishing| 1.5 1 22 J

the time requirements of the machines.

33. Make a graph showing the number of desks and the number of tables that can
be made in a week.

34, List three possible solutions.

35. WUHRIGNERINRAERE]  Answer the question that was posed at the beginning of
the lesson.

How can you use a system of inequalities to plan a sensible diet?
Include the following in your answer:

¢ (wo appropriate Calorie and fat intakes for a day, and

¢ the svstem of inequalities that is represented by the graph.

érraphr‘ng GRAPHING SYSTEMS OF INEQUALITIES Use a graphing calculator to solve each
Caleulator system of inequalities. Sketch the results.

36. y=x+9Y 37. y=2x + 10 38. 3r-y=6
y=-x 4 y=7x+15 g giEm—]
\Standardizsd 39. Which ordered pair does not satisty the system x + 2y >5and 3x — y < 2?
Test Practice (-3,7) ©,5) © (-1,4) D@ (0,2.5)

LS S e

40. Which system of inequalities is represented by the graph? I
@ y=2+2 @® y=2x+2 . 1
Y= y<-—x—1 _ ‘y
y sJo| Ix
© y<2x+2 @ y>2x+2 .
=g 1 = -—x—1 .

Maintain Your Skills

Mixed Eeview Use elimination to solve each system of equations. (Lessons 7-3 and 7-4)

41, 2x | By =1 42. 5x — 2y = =3 43. —3x | 2y =12
4r — 5y = 13 3x + 6y = -9 2x = 3y= =13
44, 6x — 2y =4 45. 2x + 5y =13 46. 3x —y =6
5x—By= -2 3x—by=-18 3Ix+2y=15
Write an equation of the line that passes through each point with the given slope.
(Lesson 5-4f
47, (4, —1), m =2 18. (1,0, m = —6 2. (5, -2),m =

Vh@uest internet Project |

The Spirit of the Games

It's time to complete your project. Use the information and data
you have gathered about the Olympics to prepare a portfolio or

@ Web page. Be sure to include graphs and/or tables in your project.
s

www.algebral.com/webquest .
8 q J
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7 Study Guide and Review

Vocabulary and Concept Check

consistent (p. 369) elimination (p. 382) independent (p. 369) system of equations (p. 369)
dependent {p. 369) inconsistent (p. 369) substitution (p. 376) system of inequalities (p. 394)

Choose the correct term to complete each statement.

1. Ifa system of equations has exactly one solution, it is (dependent, independent ).

2. Ifthe graph of a system of equations is parallel lines, the system is (consistent, inconsistent).
3. A system of equations that has infinitely many solutions is (dependent, independent).
4

. If the equations in a system have the same slope and different intercepts, the graph of the
system is (intersecting lines, parallel lines).
5. Ifa system of equations has the same slope and intercepts, the system has (exactly one,
infinitely many ) solution(s).
6. The solution of a system of equations is (3, —5). The system is (consistent , inconsistent).

Lesson-by-Lesson Review

Graphing Systems of Inequalities
PRI Wy 9

e pagss  Concept Summary

369-374,
Intersecting Lines Same Line Parallel Lines
y ¥ Y
Graph of a System
(o] X [7] X o X
T B (N B exactly one solution infinitely many no solutions
Ferminol consistent and consistent and inconsistent
L) independent dependent i
Z [l Graph the system of equations. Then determine whether LN
the system has o solution, one solution, or infinitely o x
many solutions, If the system has one solution, name it.
x+y=—4 \
6x+ 2y = —8
When the lines are graphed, they coincide. There are infinitely many solutions.
Exercises Graph each system of equations. Then determine whether the system of
equations has one solution, no solution, or infinitely many solutions. If the system
has one solution, name it. See Example 2 on page 370,
7.8—9y=9 8. 9x+2=23y 9.2x -3y =4 10. 3x —y =8
x+y=11 ¥-3x=8 6y =4y — 8 =4-y
1_,._,' www.algebral.com/vocabulary review Chapter 7 Study Guide and Review 399
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Chapter 7 Study Guide and Review

Substitution

See pages
il . Concept Summary

¢ In a system of equations, solve one equation for a variable, and then
substitute that expression into the second equation to solve.

Use substitution to solve the system of equations.
y=x-1
dx =y =19

Since y = x — 1, substitute x — 1 for y in the second equation.
4x — y =19 Second equation
dy — (x — 1) =19 p=x—1
4y —x+1 =19 Distributive Property
3x +1 =19 Combine like terms.
3x = 18 Subtract 1 from each side.
x =6  Divide each side by 3.
Usey = x — 1 to find the value of v.
¥ =2 —1 Firstequation
y=6—1 x=6
¥y="5 The solution is (6, 5).

Exercises Use substitution to solve each system of equations. If the system
does not have exactly one solution, state whether it has no selutions or
iﬂfiuiteiy many solutions. See Examples 1-3 on pages 377 and 378.

1L 2m+n=1 12,2 =3 — 2y 13. 3x—y =1 14. 0.6m — 0.2n = 0.9
m—n=35 & +t4y =16 2+ 4y =3 =45 —3m

Elimination Using Addition and Subtraction

See pages - Con cept Summary

382-386.
s Sometimes adding or subtracting two equations will eliminate
one variable.

(Z51IA Use elimination to solve the system of equations.

2m—n=14
m+n=2
You can eliminate the 1 terms by adding the equations.
2m — n — 4 Write the equations in column form and add.
mtn=2
Im = 6 Notice the variable n is eliminated.
m = 2 Divide each side by 3.

400 Chapter 7 Solving Systems of Linear Equations and Inequalities
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Now substitute 2 for m in either equation to find .

wm+n=2 Second equation
2d4n=2 =2
2+ n - 2=2 -2 Subtract 2 from each side.
n=20 Simplify.

The solution is (2, 0).

Exercises Use elimination to solve each system of equations.

See Examples 1-3 on pages 382 and 383.

15. x + 2y =6 16. 2m—n =5 17.2x—y=1l 18. Sx -+ 1=-Yy
x-3y= 4 2m+n=3 x+y=5 6x + 7y =0

Elimination Using Multiplication

See pages
ey Concept Summary

o Multiplying one equation by a number or multiplying each equation by
a diflerent number is a strategy that can be used to solve a system of
equations by elimination.

@ There are five methods for solving systems of equations.

Method \ The Best Time to Use

to estimate the solution, since graphing usually does not give an

Graphing exact solution

Substitution it one of the variables in either equation has a coefficient of 1 or —1

b if one of the variables has opposite coefficients in the two eguations

Addition
E!lmlrjatpn wising if one of the variables has the same coefficient in the two equations
Subtraction
Elimination Using if none of the coefficients are 1 or —1 and neither of the variables
\ Multiplication can be eliminated by simply adding or subtracting the equations |

Examp!e Use elimination to solve the system of equations.
x+2y=8
3x+y=15

Multiply the second equation by —2 so the coefficients of the i terms are additive
inverses. Then add the equations.

x+2y=8 x+2y= 8
3x+y =15 Multipyby—-2  (+) —6x — 2y = -3
— 5 = B Add the equations.

_',"T 5'; Divide each side by —5.

x= -1 Simplify.
(corttinued on the next page)
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For More .. * Ex_tra Practice, see pages 835-836.
0 : Ll * Mixed Problem Solving, see page 859,

xt2y=28 First equation
1+ 2y =8 x=-1
-1+2y +1=8+1 Add1 toeach side.
2y =9 simplify.
2:}, = ? Divide each side by 2.

v - 11.5 simplify.
The solution is (-1, 4.5).

Exercises Use elimination to solve each system of equations.
See Examples 1 and 2 on pages 387 and 388.

19. x =5y =0 20.x—2y=25
2xr—3y =7 3x—5y=8
21. 2x + 3y — 8 22, —5x | 8y =21

x-—y=2 10x + 3y = 15

Determine the best method to solve each system of equations. Then solve the
system. See Example 3 on page 389,

23. 1= 2% 2. Ix + 8y =7
x+ 2y =28 18x — 15y = 14
25. 3x+ 5y = 2x 26. 2x +y=3x - 15

x+3y =y x+5=4y+2x

Graphing Systems of Inequalities

See pages
e Concept Summary

e Graph each inequality on a coordinate plane to determine the intersection
of the graphs.

Solve the system of inequalities. A y
x=-3
y=x+2 X
i E L r -|_)]r=x+2|
1e solution includes the ordered pairs in :
the intersection of the graphs x = -3 and
¥y = x -+ 2, This region is shaded in green.
The graphs of ¥ = —3and y = x + 2 are
boundaries of this region. *

Exercises Solve each system of inequalities by graphing,
See Examples 1 and 2.on page 394.

27. y<3x 28. y>—x—1
x-+ 2y =21 y=2x-+1
29.2x Ly <9 30. x =1
x+ 1y < -6 Ytz =38
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Practice Test

Vocabulary and Concepts

Choose the letter that best matches each description,
1. a system of equations with two parallel lines

2. a system of equations with at least one ordered
pair that satisfies both equations

3. a system of equations may be solved using this method

a. consistent
b. elimination
¢. inconsistent

Skills and Applications

Graph each system of equations. Then determine whether the system has
no solution, one solution, or infinitely many solutions, If the system has
one solution, name it.

d. y=x+2 5. x+2y =11 6. 3x ty=>5
y=2x+7 x =14 — 2y 2y — 10 = —6x

Use substitution or elimination to solve each system of equations.

7. 2x + 5y = 16 8. y+2x=-1 9. 2x+y=-4
5x -2y =11 y=4=-2x S5c+ 3y = —6

0. y=7-x 1 ox =2y -7 12. x +y = 10
x—y=-3 ¥y—3x=-9 x-y=2

1B3.3x —y=1 14. 3x +y =10 15. 5x — 3y = 12
x+ 2y - —36 3x — 2y - 16 —2x + 3y = —3

16. 2x + 5y = 12 17.x+y=6 18, 3x + 1y = 10
r—6y=—1 3x -3y =13 5

Z'c——s—y:35

19. NUMBER THEORY The units digit of a two-digit number exceeds twice the
tens digit by 1. Find the number if the sum of its digits is 10.

20. GEOMETRY The ditference between the length and width of a rectangle
is 7 centimeters. Find the dimensions of the rectangle if its perimeter is
50 centimeters.

Solve each system of inequalities by graphing.

2. y > -4 22, y=3 23. x =2y
yp<-1 y=—x+2 Zx +3y=7

24, FINANCE Last year, Jodi invested $10,000, part at 6% annual interest-and the
rest at 8% annual interest. If she received $760 in interest at the end of the year,
how much did she invest at each rate?

25. STANDARDIZED TEST PRACTICE Which graph represents the system of
inequalities y > 2x + land y < —x — 2?

@® i U © y /ﬂ I "4
N i’ M I i
o [x Vol [ x o | X sV lol | x
4 x I
7 b = kS
T ¥ B 4 Wi
(3,‘ www.algebra1.com/chapter_test Chapter 7 Practice Test 403
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0 Standardized Test Practice

Part 1 Multiple Choice

Record your answers on the answer sheet
provided by your teacher or on a sheet of
paper.

1. What is the value of x indx — 2(x — 2) — 8 = 0?
(Lesson 3-4)
@ -2 2
© 5 @ 6

2. Noah paid $17.11 for a CD, including tax.
If the tax rate is 7%, then what was the price
of the CD before tax? (Lesson 3-5)

@ $10.06 $11.98
@ $15.99 @ $17.04

3. What is the range of f{x) = 2x — 3 when the
domain is {3, 4, 5}? (Lesson 4-3)

@ {0,1,2) {3,5,7|
@ 16,8, 10} @ 19,11, 13}

4. Jolene kept a log of the numbers of birds that
visited a birdfeeder over periods of several
hours. On the table below, she recorded the
number of hours she watched and the
cumulative number of birds that she saw each
session. Which equation best represents this
data set shown in the table? (Lesson 4-8)

Number of hours, x [ 3 4 6
W T WG RITGETA 6 | 14 | 18 | 26
@ y=x+5 @ y=3:c+3
@ y=3:+5 @ y=4x+2

5. Which equation describes the graph?
(Lesson 5-3)

@3y =12 N v

4y + 3x = —16

@© 3y + 4= —12 N T
@ 3y +4x= -9 X

404 Chapter 7 Solving Systems of Linear Equations and Inequalities:
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6.

10.

Which equation represents a line parallel to
the line given by y — 3x = 67 (Lesson 5-6)

@ y= -3x+4 @ y=3x-2

©y=3x+6 @ y=—sx+4

. Tamika has 5185 in her bank account. She

needs to deposit enough money so that she
can withdraw $230 for her car payment and
still have at least $200 left in the account.
Which inequality describes d, the amount
she needs to deposit?  (Lesson 6-1)

@ d(185 — 230) = 200

185 — 230d = 200

@ 185+ 230 +d = 200

@ 185 + d — 230 = 200

. The perimeter of a rectangular garden is

68 feet. The length of the garden is 4 more
than twice the width. Which system of
equations will determine the length £ and
the width w of the garden? (Lesson 7-2)

) 20 + 2w — 68 20 + 2w — 68

(=4 — 2w C=2w-+4
@© 2+ 2w =68 @ 24 + 2w = 68
2 —w=4 w=2f4 4

. Ernesto spent a total of $64 for a pair of jeans

and a shirt. The jeans cost $6 more than the
shirt. What was the cost of the jeans?
(Lesson 7-2)

@ $26 $29
© $35 @ $58

What is the value of y in the following system
of equations?  (Lesson 7-3)

3x + 4y =8
3x + 2y=—2
@ 2 @ 4
©5 @ 6
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Part 2 Short Response/Grid In

Record your answers on the answer sheet
provided by your teacher or on a sheet of
paper.

11. The diagram shows the dimensions of the
cargo area of a delivery truck.

A

|
3T
S'ftJ_ =
’
6’ﬂ1
|
|
What is the maximum volume of cargo,

in cubic feet, that can fit in the truck?
(Prerequisite Skilly

&t

paf—

f 221t

12. The perimeter of the square below is 204 feet.

What is the value of ?  (Lesson 3-4)

5x + 6 feet

13. What is the x-intercept of the graph of
4x + 3y = 127 (Lesson 4-5)

14. What are the slope and the y-intercept of
the graph of the equation 4x — 2y = 5?
(Lesson 5-4)

15. Solve the following system of equations.
(Lesson 7-2)

5r —y =10
7x —2y=11

—
C.% Test-Taking Tip

Questions 11 and 12 To prepare for a
standardized test, make flash cards of key
mathematical terms, such as "perimeter” and
“volume.” Use the glossary of your textbook to
determine the important terms and their correct
definitions.

(2% wwwi.algebra1.com/standardized_test
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Part 3 Quantitative Comparison

Compare the quantity in Column A and the

quantity in Column B. Then determine

whether:

@ the quantity in Column A is greater,

the quantity in Column B is greater,

(© the two guantities are equal, or

the relationship cannot be determined
from the information given.

Column A f Column B

16. | 3 | o |

(Lesson 1-1)

17.| the slope ofthe line | the slope of the line
that contains A(2, 4) | that contains C(—2, 1)

and B(—1, 3) and D (5. 3)

(Lesson 5-1)
18. x—3y=1u
3x+y=13

y 0

(Lesson 7-8)
19. 3x - 2y=19
S5x + 4y = 17

| x | y |

(Lesson 7-4)

Part 4 Open Ended

Record your answers on a sheet of paper.
Show your work.

20. The manager of a movie theater found that
Saturday's sales were $3675. He knew
that a total of 650 tickets were sold Saturday.
Adult tickets cost $7.50, and children’s tickets
cost $4.50. (Lesson 7-2)

a. Write equations to represent the number
of tickets sold and the amount of money
collected.

b. How many of each kind of ticket were
sold? Show your work. Include all steps.
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