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Chapter 1
Algebra, Mathematical Models, and Problem Solving

1.1 Check Points

eight times a number | |five more

—= ——
1. a. 8x + 5=8x+5

—

the quotient of a
twice the number
X — X
= - 2x =—-2x
7 7
replace x with 10
—_—
2. 23-0.12x
=23-0.12(10)
=23-1.2
=21.8
At age 10, the average neurotic level is 21.8.

replace x with 13

3. 8+6(x-3)°
=8+6(13-3)°
=8+6(10)>
=8+6(100)
=8+600
=608

4. a. 2010 is 10 years after 2000.

replace x with 10

D =46x” +541x+17,650

D = 46(10)* +541(10) + 17,650
= 46(100) + 541(10) +17,650
=4600+5410+17,650
= 27,660

The formula indicates that the mean student-loan
debt for college students who graduated in 2010
was $27,660.

b. The model value, $27,660, is more than the
actual data value, $26,682. Thus, the
mathematical model overestimates by $978.

5. a. true; Because the number 13 is an element of the
set of integers.

b. true; Because 6 is not an element of
{7,8,9,10}, the statement is true.

6. a. -8 isless than —2; true

b. 7 is greater than —3; true
c. —1 isless than or equal to —4; false

d. 5 is greater than or equal to 5; true

e. 2 is greater than or equal to —14; true

=
&
——
=
[
[\
IA
=
A
W
L

[ )

Y

1.1 Concept and Vocabulary Check
1. variable
2. expression
3. bth to the nth power; base; exponent
4. formula; modeling; models
5. natural
6. whole
7. integers
8. rational
9. irrational
10. rational; irrational
11. left
12. 2;5; 2; 5
13. greater than

14. less than or equal to

Copyright © 2017 Pearson Education, Inc.



Chapter 1 Algebra, Mathematical Models, and Problem Solving

1.1 Exercise Set

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

x+5

x+6

4x

2x

2x+10

S5x+4

10— x

7+5(10)=7+50=157
8+6(5)=8+30=38
6(3)-8=18-8=10

8(3)—4=24—4=20

(B +3()=4+1=13

7 —6(7)+3=49-42+3=7+3=10

8 -7(8)+4=64-56+4=8+4=12

23.

24.

25.

26.

217.
28.
29.
30.
31.
32,
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,

43.

44.

45.

46.

47.

4+509-7)° =4+52)°

=4+508)=4+40=44
3 3

6+5(8-6) =6+5(2)
=6+5(8)
=6+40=46

82 —3(8—2) = 64—3(6)
=64-18=46

8% —4(8-3)=64-4(5)=64-20=44

{15 23 374}

{17 2’3}

{_73 _67 _53 _4}

{_67 _57 _47 _3}

{8,9,10,...}

{10, 11, 12, .. .}

{1,3,5,7,9}

{1,3,5,7}

true; Seven is an integer.

true; Nine is an integer.

true; Seven is a rational number.

true; Nine is a rational number.

false; Seven is a rational number.
false; Nine is not an irrational number.
true; Three is not an irrational number.

true; Five is not an irrational number.

1. .
false; 5 is a rational number.

1. .
false; Z is a rational number.

true; \/5 is not a rational number.

true; s is not a rational number.

false; \/5 is a real number.

Copyright © 2017 Pearson Education, Inc.



48.
49.
50.
51.
52.
53.
54.
5S.
56.

57.

58.

59.
60.
61.
62.

63.

64.

65.

66.

67.

Section 1.1 Algebraic Expressions, Real Numbers, and Interval Notation

false; = is areal number.

—6 is less than —2; true

—7 is less than —3; true

5 is greater than —7; true

3 is greater than —8; true

0 is less than —4; false. O is greater than —4.
0 is less than -5; false. O is greater than -5.
—4 is less than or equal to 1; true

=5 is less than or equal to 1; true

—2 is less than or equal to —6; false. -2 is greater
than —6.

-3 is less than or equal to —7; false. -3 is greater
than —7.

—2 is less than or equal to —2; true
-3 is less than or equal to —3; true
-2 is greater than or equal to —2; true

-3 is greater than or equal to —3; true

1
2 is less than or equal to 5 ; false. 2 is greater

than —l .
2

4 is less than or equal to —%; false. 4 is greater

than —l .
2

~ ¥
w
£
W
o
2
o 4+

N

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

[3E3N 54

Y

N A~

\ 4

W~

\ 4

wb

[} %

Y

[ =

N

Y

[= =
&+

true
false; {3} & {1,2,3,4}.

false; {4} £ {1,2,3,4,5}.
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Chapter 1 Algebra, Mathematical Models, and Problem Solving

83.
84.

8s.

86.

87.

88.

89.

90.

91.

92,

93.

true
true

false; The value of {x | x is an integer between —3
and 0} = {-2,-1}, not {-3,-2,-1,0}.

false; The value of {x | x is an integer between —4
and 0} = {-3,-2,-1}, not {-4,-3,-2,-1,0}.

false; Twice the sum of a number and three is
represented by Z(x + 3) ,not 2x+3.

false; Three times the sum of a number and five is
represented by 3(x+5), not 3x+5.

R=4.6-0.02x
=4.6-0.02(20)
=42
The average resistance to happiness at age 20 is 4.2.

R=4.6-0.02x
=4.6-0.02(30)
=4.0
The average resistance to happiness at age 30 is 4.0.

[4.6—0.02(30)] — [4.6 — 0.02(50)]
=4.0-3.6

=04
The difference between the average resistance to
happiness at age 30 and at age 50 is 0.4.

[4.6 - 0.02(20)] - [4.6 — 0.02(70)]
=42-32

=1.0
The difference between the average resistance to
happiness at age 20 and at age 70 is 0.4.

§=32+8.7x-03x’
=32+8.7(4)-03(4)
=32+348-48

=62
According to the formula, 67% of American adults
used smartphones to go online in 2013. The formula
underestimated the actual value by 1%.

9.

95.

96.

97.

98.

99

117.

118.

119.
120.

§=32+8.7x-0.3x"
=32+8.7(3)-0.3(3)’
=32+26.1-27

=554
According to the formula, 55.4% of American
adults used smartphones to go online in 2012. The
formula overestimated the actual value by 0.4%.

C =g(50—32) _3 (18)=10

"9

10°C is equivalent to 50'F.

5 5 5
C=—(F-32)=—(86-32)=—(54)=30
9( ) 9( ) 9( )

30°C is equivalent to 86 F.

h=4+60r—16t> = 4+60(2)—16(2)*
=4+120-16(4) =4+120-64
=124-64 =60

Two seconds after it was kicked, the ball’s height
was 60 feet.

h=4+60t - 161>
=4+60(3)-16(3)*
=4+180-16(9)
=4+180-144

=184-144 =40
Three seconds after it was kicked, the ball’s height
was 40 feet.

.—116. Answers will vary.

does not make sense; Explanations will vary.
Sample explanation: Many models work for a while
and then no longer are valid beyond a certain point.

does not make sense; Explanations will vary.
Sample explanation: Though this value is beyond
the capabilities of a calculator, it still exists. This
particular expression can be obtained via several
software applications.

makes sense

does not make sense; Explanations will vary.
Sample explanation: The model can be used to
estimate the number in 2000 by letting x = 0.

Copyright © 2017 Pearson Education, Inc.



121.

122.

123.
124.
125.

126.

127.

128.

129.

130.

131.

Section 1.2 Operations with Real Numbers and Simplifying Algebraic Expression

false; Changes to make the statement true will vary.
A sample change is: Every integer is a rational
number.

false; Changes to make the statement true will vary.
A sample change is: Some integers are not whole
numbers.

true
true

Evaluate the two expressions.
2(4+20)=2(24)=48
2:-4+20=8+4+20=28

Since the bird lover purchases % of the birds, the

expression has to be a multiple of 7. Since 48 in not
a multiple of 7 and 28 is a multiple of 7, we know
that the correct expression is 2 -4+ 20.

(2:3+3)-5=45
(8+2)-(4-3)=10 or 8+2-(4-3)=10

26 is not a perfect square and /26 cannot be

simplified. Consider the numbers closest to 26,
both smaller and larger, which are perfect squares.
The first perfect square smaller than 26 is 25. The
first perfect square larger than 26 is 36. We know
that the square root of 26 will lie between these

numbers. We have —/36 < —\/% < —\/E. If we
simplify, we have —6 < —/26 < —5. Therefore,
—\/% lies between —6 and -5.

-5 and 5 are both a distance of five units from zero
on a real number line.

16+3(2)* _ 16+3(16) _16+48 _ 64

12-(10-6) 12—(4) 8 8 8

2(3x+5)
=2(3(4)+5)
=2(12+5)
=2(17)
=34

6x+10
=6(4)+10
=24+10
=34

1.

1.2 Check Points

a. |—6| =6 because —6 is 6 units from 0.
b. |4.5=4.5 because 4.5 is 4.5 units from 0.

C. |0| =0 because 0 is 0 units from O.
a. —10+(-18)=-28
b. -0.2+0.9=0.7

6 5 1

1010 10

a. If x=-8, then —x =—(-8) =8.
b. If x:%, then —x =—
a. 7-10=7+(-10)=-3

b. 43-(-6.2)=434+62=10.5

a. (=5)% =(-5)(-5)=25
b. -5*=—(5-5)=-25

c. (—4)’ = (—4)(—4)(-4) = —64

(R

3-52 +12+2(-4)?
=3-25+12+2(16)
=3-25+6(16)
=3-25+96
=-22+96

=74

Copyright © 2017 Pearson Education, Inc.



Chapter 1 Algebra, Mathematical Models, and Problem Solving

10.

11.

12.

13.

14.

4+3(=2)° 7.
2—-(6-9) 8.
_4+3(=8)
2-(-3) 9.
_4-2n 10.
2+3
-20 11.
T 5
_ 4 12.
. .. 13.
Commutative Property of Addition: 4x+9=9+4x
Commutative Property of Multiplication: 14.
4x+9=x-449
15.
a. 6+(12+x)=(6+12)+x=18+x
16.

b. -7(4x)=(-7-4)x =-28x
—4(7Tx+2)=-28x-8

3x+14x% +11x+x2
=(14x* +x) +Bx+11x)
=(14+Dx> +(B+1)x
=15x% +14x

8(2x—-5)—-4x
=16x-40-4x
=16x—-4x-40
=12x-40

6+4[7—(x—2)]
=6+4[7—x+2]
=6+4[9 - x]
=6+36—4x
=42—-4x

1.2 Concept and Vocabulary Check

1.
2.

negative number
0

positive number
positive number
positive number

negative number

positive number

divide

subtract

absolute value; 0; a
a, —a

0; inverse; 0; identity
b+a

(ab)c

ab+ac

simplified

1.2 Exercise Set

1.

10.

11.

12.

|-7|=7
|-10/=10
4] =4

|13 =13
|-7.6|=7.6

|-8.3 =83

Copyright © 2017 Pearson Education, Inc.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

=3+(=8)=-11

=5+ (-10) =-15
~14+10=—4

-15+6=-9

—-6.8+23=-4.5
-79+24=-55

11 3 11 9 2
E{_Ej :1_+(_E E

7 8 1

=4 -——|=——

10 ( 10) 10
2 3 2 3
____—__+ _—
9 4 9\ 4

__8 _ﬁj__ﬁ

36 36 36
343 _i)
5 7 5 7

S S O P 2

35 35 35

—3.7+(-45)=-82
—6.2+(-5.9)=—12.1
0+(-12.4)=-12.4
0+(-153)=-153
124+ (-12.4)=0
153+(~15.3)=0

x=11
—-x=-11

Section 1.2 Operations with Real Numbers and Simplifying Algebraic Expression

32.

33.

34.

35.

36.
37.
38.
39.

40.

41.

42,

43.

44.

45.

46.

47.

48.
49.

50.

51.

x=-9

-x=9

3-15=3+(-15)=-12
4-20=4+(-20)=-16
8—(-10)=8+10=18
7-(-13)=7+13=20
-20-(-5)=-20+5=-15

-30-(-10)=-30+10=-20

1 1 1 1 1 2
—_—— =t —— | =4 ——|=-
4 2 4 ( 2) 4 ( 4)

2) 1
— 4= ==+
( sj 10
1 4 3
H-——=|=-=
10 10 10
—23-(-78)=-23+78=55
—43-(-87)=-43+87=44

0-(—2)=0+2=12
0-(-3)=0+3=13

9(-10) =90
8(-10) =80
(-3)(-11)=33
(-7)(-11) =77
15 15
[EARAINE

Copyright © 2017 Pearson Education, Inc.
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Chapter 1 Algebra, Mathematical Models, and Problem Solving

52.

53.
54.

5S.

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

11 11
[ENR T

—2-0=0
~3-0=0
(-4)(=2)(-1)=(8)(-1)=-8
(=5)(-3)(-2) = (15)(-2) = =30
2(=3)(=D(E2)(4) = (=6)(=D(=2)(-4)
=(0)(-2)(-4)
= (-12)(-4)
=48
3(=2)(-1)(-5)(-3) = -6(-1)(-5)(-3)
=6(=5)(-3)
= -30(-3)=90
(~10)* = (~10)(~10) = 100
(-8) =(-8)(-8) = 64

-10% =—(10)(10) = -100

(-4 = (-4)(-4)(-4)(~4) = 256

Since a product with an odd number of negative

. . 33
factors is negative, (—1) =-1.

A product with an odd number of negative factors is
negative.

(1) =~

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85S.

86.

—% is undefined.

—% is undefined.

9 1 2 2

4(=5)-6(-3) = -20-(-18)
=-20+18=-2

8(=3) - 5(=6) = 24— (-30) = —24+30 = 6

3(=2)% —4(=3)* =3(4) - 4(9)
=12-36=-24

5(=3)2 —2(=2)* =5(9) - 2(4) = 45—-8 =37

Copyright © 2017 Pearson Education, Inc.



87.

88.

89.

90.

91.

92.

93.

9.

9s.

82 —16+2%-4-3=64-16+4-4-3
=64—4-4-3
=64-16-3
=48-3
=45

10° =100+5%-2-3
=100-100+25-2-3
=100-4-2-3=100-8-3

=92-3=89

5.2-3% __5-2-9

[#-2] [-2F
_ 10-9
(9+2)°
1
112
121

10+2+3-4 _ 5+3:4 5+12 17

(12-3.2)°  (12-6)* (6)° 36
8-3[-2(2-5)-4(8-6)]
=8-3[-2(-3)-4(2)]
=8-3[6-8]=8-3[-2]=8+6=14

8-3[-2(5-7)-5(4~2)]
=8-3[-2(-2)-5(2)] =8-3[4-10]
=8-3[4+(-10)]=8-3[-6]
=8+18=26

2(-2)-4(-3) _—4+12_8 8

5-8 -3 -3 3
6(—4)—5(—3)_—24+15_—_9_9
9-10 -1 -1
(5-6) -2[3-7 (-1)’ 2|4
80_3.52 © 89-3.25

_1-2(4)
© 89-75
_1-8 _-7_ 1
T4 14 2

Section 1.2 Operations with Real Numbers and Simplifying Algebraic Expression

12+3~5‘22 +32‘ ~ 12+3.5|4+9|

96. =

7+3—62 7+3-36
_12+3-5]13]
©10-36
_12+3-513) _ 4-5(13)

-26 -26
= 20d3) :@:_10
-26 26

97. 15— 3—(-1)+12+2-3
=15-J4+12+2.3
=15-2+12+2-3
=15-2+6-3
=15-2+18=13+18=31

98.

=]

17-[5-(-2)[+12+2-3
=17-[7|+12+2:3=17-7+12+2-3
=17-7+6-3=17-7+18
=10+18=28

99. 20+1-4/10> = (5+1)* (-2)

=20+1-+10" -6 (-2)
=20+1-+/100-36(-2)

=20+1-/64(-2)

=20+1-8(-2)=20+1+16=37

100. 24+3-(5-2) +[-1-(=3)

=24+ 33) +[-1+3]

=24+\/§+[2]2
=24+3+4=8+4
=2

101. Commutative Property of Addition
4x+10=10+4x
Commutative Property of Multiplication
4x+10=x-4+10

102. Commutative Property of Addition
5x+30=30+5x
Commutative Property of Multiplication
5x+30=x-5+30

103. Commutative Property of Addition
Tx=5=-5+7x
Commutative Property of Multiplication
Tx-=5=x-7-5

Copyright © 2017 Pearson Education, Inc. 9



Chapter 1 Algebra, Mathematical Models, and Problem Solving

104.

105.
106.
107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

10

Commutative Property of Addition
3x—-7=-T+3x

Commutative Property of Multiplication
3x-T7=x-3-7
4+(6+x)=(4+6)+x=10+x
12+B+x)=12+3)+x=15+x
-73x)=(-7-3)x=-21x

—-10(5x) = (-10-5)x = -50x

1 1
—5(—3y) = (—5-—3jy =Yy

1 1

e (—4y)=|——=. 4|y =

4( y) (4 )y y
32x+5)=3-2x+3-5=6x+15
5(4x+7)=5-4x+5-7=20x+35

-712x+3)=-7-2x+(-7)3
=—14x-21

-9(3x+2)=-9-3x+(-9)2=-27x-18
~(Bx=6)=-1-3x—(-1)6=-3x+6
—(6x—-3)=-1(6x)—(-1)3=—6x+3
Tx+5x=(7+5)x=12x
8x+10x=(8+10)x =18x

6x* —x* =(6-1)x* = 5x°

9x* —x* =(9-1)x* = 8x
6x+10x° +4x +2x°

=6x+4x+10x% +2x°
=(6+4)x+(10+2)x* = 10x +12x>

9x+5x% +3x+4x" = (9+3)x+(5+4)x°

=12x+9x°

123.

124.

125.

126.

127.

128.

129.

8(3x—5)—6x
=8-3x-8-5-6x
=24x—-40-6x
=24x—-6x—-40
=(24—6)x—40=18x—40

7(4x—-5)—-8x
=7-4x-7-5-8x=28x-35-8x
=(28-8)x—35=20x-35

53y-2)-(7y+2)
=5-3y-5-2—-1-Ty+(-1)2
=15y-10-7y-2
=15y-7y-10-2
=(15-7)y-12=8y-12

4(5y—3)—(6y+3)
=4.5y-4-(3)-1(6y)+(-1)3
=20y-12-6y-3
=(20-6)y-15

=14y-15

7-4[3—(4y-5)]

=7-4[3-4y+5]

=7-12+16y—-20

=16y-25

6-5[8—(2y—4)]=6-5[8-2y+4]
=6-5[12-2y]
=6-5-12—-(-5)(2y)
=6-60+10y
=10y - 54

182 +4—[6(x2 —2)+5}
=18 +4—[ 627 —12+5)
=18 +4-[ 627 =7 |
=18x> +4-6x" +7

=18x% —6x° +4+7
=(18-6)x" +11=12x" +11

Copyright © 2017 Pearson Education, Inc.



130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Section 1.2 Operations with Real Numbers and Simplifying Algebraic Expression

1452 +5—[7(x2 —2)+4}
= 14x7 +5—[7x2 —14+4]
= 14x7 +5—[7x2 —10]
=14x* +5-7x> +10
=14x* = 7x*> +5+10
=(14-7)x* +15
=7x*+15

x—(x+4)=x—x—4=—4

x—(8—x)=x—8+x=2x—8

6(—5x) = -30x
10(—4x) =—-40x
S5x—2x=3x

6x—(—2x)= 6x+2x=8x
8x—(3x+6)=8x—3x—6=5x—6
8-3(x+6)=8-3x-18=-3x-10
21+(-29)=-8
4+(-10)=-6
21-(-29)=21+29

=50

4-(-10)=4+10
=14

-3-(-10)=-3+10

=7
The approval rating of France exceeds the approval
rating of China by 7.

-3-(-29)=-3+29

=26
The approval rating of France exceeds the approval
rating of Iran by 26.

145.

146.

147.

148.

149.

150.

-10+(=3)+4 9
3 3
=-3
The average approval rating of China, France, and
Israel is 3.

-29+(-10)+21 _-18
3 K
=—06
The average approval rating of Iran, China, and the
UK is —6.

D =1.2x% +1.6(x +40)
=1.2(6)" +1.6(6 +40)

=116.8
According to the model, college students spent
$116.8 billion in 2013.
The model underestimates the actual value
displayed in the graph by $0.2 billion.

D =1.2x% +1.6(x +40)

=1.2(4)” +1.6(4 +40)
=89.6
According to the model, college students spent
$89.6 billion in 2011.
The model overestimates the actual value displayed
in the graph by $2.6 billion.
a.  0.05x+0.12(10,000 - x)
=0.05x+1200-0.12x
=1200-0.07x

b. 0.05(6000)+0.12(10,000 — 6000)
= 0.05(6000) +0.12(4000)
=300 +480 = 780

1200 - 0.07(6000) = 1200 — 420

=780
The total interest will be $780.

a. 0.06¢+0.5(50—1)
=0.06¢ + 25— 0.5¢
=25-0.44t

b. 0.06(20)+0.5(50 — 20)
=0.06(20) +0.5(30)
=12+15=16.2
25-0.44(20) = 25-8.8=16.2

The total distance will be 16.2 miles.

Copyright © 2017 Pearson Education, Inc. 11
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151

168.
169.
170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

12

.—167. Answers will vary.

makes sense
makes sense

does not make sense; Explanations will vary.
Sample explanation: For terms to be considered like
terms they must have the same variables and the
same powers.

does not make sense; Explanations will vary.
Sample explanation: When there is no number in
front of a variable, the coefficient has a value of 1.

false; Changes to make the statement true will vary.
A sample change is: 16 +4-2=4.2=8

false; Changes to make the statement true will vary.
A sample change is:

6-2(4+3)=6-2(7)=6-14=-8

false; Changes to make the statement true will vary.
A sample change is:
543(x-4)=5+3x-12=3x-7

false; Changes to make the statement true will vary.
A sample change is: —x—x=—-2x

true

(8-2)-3-4=14
1

(2-5——-10)-9:45
2

9[4-1+6)]-3-9° 9[4-7]-(-6)’

5+L6 5+1—26
JEE—— 5-—
2+1 3

_9[-3]-36
5+£
5-2

_ —27-36

5+£
3

180.

181.

182.

183.

184.

185.

10

——4x
X
10+2(x—35)* =10+2(7-5)*
=10+2(2)* =10+2(16)
=10+32=42
true; % is not an irrational number.
X y=4—x2
3| y=4-(-3?=4-9=-5
2| y=4-(2)%=4-4=0
“1| y=4-(-1)*=4-1=3
0| y=4-(02=4-0=4
1| y=4-(1)Y*=4-1=3
2| y=4-(2)*=4-4=0
3| y=4-(3)*=4-9=-5
x | y=1-x?
3| y=1-(-3*=1-9=-8
2| y=1-(2)=1-4=-3
“1| y=1-(-)*=1-1=0
0| y=1-(0>=1-0=1
1| y=1-(1)>=1-1=0
2| y=1-(2)*=1-4=-3
3] y=1-(3*=1-9=-8
X y=|x+l|
—4 | y=|-4+1=|-3=3
3| y=]3+1=]2|=2

2 | y=|2+1]=|-1]=1

-1 | y=|-1+1=l0o|=0

0| y=lo+1=[]=1

1] y=[1+1=2|=2

2| y=2+1=p3=3
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Section 1.3 Graphing Equations

1.3 Check Points
4. a. The drug concentration is increasing from O to 3

1. y hours.
JErsEn
A(2,5)] b. The drug concentration is decreasing from 3 to

J‘S’I(T‘l,ﬁ) 13 hours.

EEEEE T
D(0, -2) 1 c. The drug’s maximum concentration is 0.05

C(-1.5, _ 4'5) ° milligram per 100 milliliters, which occurs after
LIl 3 hours.

d. None of the drug is left in the body.
2. Make a table:

2 5. The minimum x-value is —100, the maximum x-

X y=l-x (x,y) value is 100, and the distance between consecutive
3| y=1- (_3)2 =-8 | (=3,-8) tick marks is 50. The minimum y-value is —100, the

> maximum y-value is 100, and the distance between
2| y=1-(=2)"=-3|(-2,-3) consecutive tick marks is 10.

“1| y=1-(-1)%*=0 | (-1,0)

2

0 y=1-(0)" =1 (0,1) =

1| y=1-0%=0 | (1,0 i

2 | y=1-(2%=-3 | (2,-3)

> -100 100
3| y=1-3)"=-8 | (3,-9)
=1- 0,1 <
y=1 x? vy (0, /) (1,0) 100
(— 1, 0) B e 1 L
SN T x
(=2,-3) (2,-3)
| \
| \ 1.3 Concept and Vocabulary Check
(-3,-8) (3,-8) .
11 1 1. x-axis
2. y-axis
3. Make a table: o

3. origin

by y= |x + 1| (x,y)

4| y= |_4+1| = |_3 =3|(-4,3) 4. quadrants; four

3 |y= |_3+1| - |_2 =2|(32) 5. x-coordinate; y-coordinate

=2 [ y=[2+1=]1]=1 | (-2,)
1| y= |_1 + 1| — |0| =0 |(-1,0) 6. solution; satisfies
0| y=lo+1==1 | (©D
y=[1+1=]2[=2 | 1,2
2| y=[2+1=[3=3 | (2.3

y=lx+1ly
- [
(-4,3) : /(1(2’2)3)
3D 0
(-2,1) = i
CLOfEx
[
[T1T1T

Copyright © 2017 Pearson Education, Inc. 13
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1.3 Exercise Set
1.-10.
T 1y Py 2 5
(-1, 4) 3 vl(‘; 2
Y (9)—(4_1)
4,00 (—2,3) ’
5 x
i (E B
[ Ijl’ [TTT1
(-3,-5)
11. X (x’y)
-3 (—3,5)
2 | (20)
-1 (-13)
0 (0,-4)
)
2 (20
S (69)
y=x'—4dy
[T [T1]
cat e
] \‘ Ji
(=2, 04 12,0
T P& %
LY IR
(=1, =3)x1r(1, -3)
CLTTT [T1TT1]

12.

13.

X (x, y)
-3 | (-3,0)
2| (-29)
1] (-18)
0 (0.-9)
T ()
2 (29
D
y=x-9y
(-3, 041 (3,0
5 X
\ |
\ I
(-2,-5) 2, -5)
Y Jl
(_19 _8) a, _8)
LTI [TTT1T]
0, -9)
X (x, y)
-3 (-3.-5)
) (-2,-4)
-1 (-1.-3)
0 (0,-2)
1 (1,-1)
2 (2,0)
3 (3.1)
y=x-—-2y (2} 0)
3 |
A
4 (0, =2)] X
2L LD
(=3,-5) (=1,-3)
é HHH

14 Copyright © 2017 Pearson Education, Inc.



Section 1.3 Graphing Equations

B (x.y) 6. [ (x.y)
-3 (-3,-1) =3 | (-3,-10)
) (-2,0) -2 (-2.-8)
-1 (—1,1) -1 (_1’_6)
0 (0,2) 0 (0,-4)
1 (1,3) 1 (1,-2)
2 (2,4) 2 (2,0)
3 (3,5) 3 (3.2)
y=x+ 2y J y= 2x—4 y
8 |
I
O A6 G2 a0
(-1, Dk 2,4) (-1, -6)] 0] x
(_23 0) _(1’ 3)__ (_2’ _8)“ \\\ ™~ S “-(1, —2)
(—3, —1) I 5 x (—3, —10)’- ~(09 _4)
f [
X (x,y) 17. x (x,y)
) 3] [=32
-2 (-2,-3) - 2
-1 (-1,-1) 2| (=21
0
(0.1) | ()
! (1.3) >
2 (2.5) 0 (0,0)
3 3,7 1
e e
y=2r+1 y, 2 (2.-1)
il 1 N
X(3,7) 3 )
o, %rz!(l, 3HT (23 I
] y=-=
(=3, sy T IS (-1 -1 2y
(=2, -3) 3 3 2D 1
T » ) \ //(,_E)
(_1 1) 70,0 x
) 4
2, -1\ 3
[ (, —?)

Copyright © 2017 Pearson Education, Inc. 15



Chapter 1 Algebra, Mathematical Models, and Problem Solving

18. X (x.y) 20. X (x.)
-3 (—3,1j -3 (-3,2)
: -2 (-2.1)
-2 (-2,3) - 0
o] [ 0o [ (0
0 (0,2) 1 (1,0)
’3 2 (2,1)
1 (I’EJ 3 (3.2)
2 (2,1)
1 y= |x||— 1y |
’ (S’Ej I > I 3.2
(_332) - /"’( Yy )
lot2 (-2,1) L (2,1)
YTt -1,0) (o, — 5 x
2 | ’/1 3\ (—=1,0 @, -1) N5
\ 2 1]
( 3, %) T IZJ_Z' 2,1 11
-2,3 T 7 21 . .y
TR Senl (x.5)
( L E) V24 -3 | (-3,6)
-2 | (-2.4)
19. X (x, y) -1 (_1’2)
-3 (3.4 0 (0,0)
= (2.3 1l (12)
-1 (-1.2)
0 (0.1) 2 | (24)
! (1.2) 3| (36)
2 (2.3)
S L) y =2l
56N 1 3.6
(_3, 4) L] 5 1 (3’ 4) (_91 )2\’ "(ll\ é)i
(-2,3) —(2,3) ) V“l ;
(-1,2) =Y. 12 (?’10]) &%
ald [T

16 Copyright © 2017 Pearson Education, Inc.



Section 1.3 Graphing Equations

22. x (x’ y) 24. X (.X, y)
=3 | (379) 3| 3-2)
-2 (-2,-4) 2
21 (2,-2)
-1 (—1,—2) 1
. 00 1| L)
1 (1’_2) 0 (0,0)
> | (2-4) -
3 (3.-6) 2 | 2.2
9
y=-2Ixl y M
3
(0,0) 5 1
\ ] J) H Y y=- Exzy
-1,-2)#I\(1, -2)
(_2! —4) 125 _‘4) ( 1)
-3,-6) 3, -6 1,——|~
( 4 ‘}ii) 2/ N {0(1))%*
“2-2FHNe, i)
| |||
I L |
2. 5 ) (3, %} ] 1!1H~(3, %)
339 (1,_1
2] (2,-4) 2
—1 | (=1,-1) 5. [ oy
0| (0,0 3| (=3,-27)
1| (-1 2| (=2.-8)
2 (2’_4) _1 (_19_1)
3| (3,-9) o ©.0
1] @
-
Y T |y 0,01 2 (2,8)
(-1, —)FIR(1, —1) x
II,H’I \\]’II\ 3 (3,27)
(-2,-4) 2,-4)
” \‘ T x3 Y [ 11
(=3,-9) 3, -9 § (3,27)
1 17 *:"ZH(Z,S)
(-1,-1) 1,1)
e
mEe
22
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26.

27.

28.

29.

30.

31.

18

X (x, y)
-3 (-3,-28)
-2 (-2-9)
-1 (-1.-2)
0 (0,-1)
1 (1,0)
2 (27)
3 (3,26)
y=x-1y
ol o
fH
(0, -1} £(2,7)
L2 (1,2»?{r ¥
i
(=3, -28)¢

[-5,5, 1] by [-5, 5, 1]
This matches graph c.

[-10, 10, 2] by [- 4, 4, 2]
This matches graph d.

[-20, 80, 10] by [-30, 70, 10]
This matches graph b.

[-40, 40, 20] by [-1000, 1000, 100]
This matches graph a.

The equation that corresponds to Y, in the table is
(), y, =2—x. We can tell because all of the
points (=3,5), (-2,4), (-13), (0,2), (1),
(2,0), and (3,—1) are ontheline y =2—x, butall
are not on any of the others.

32,

33.

34.

35.

36.

37.

38.

39.

The equation that corresponds to Y; in the table is

(b), y, = x%. We can tell because all of the points
(_399) ) (_274) ) (_19 1) ) (070) ) (19 1) > (294) ) and

(3,9) are on the graph y = x*, but all are not on
any of the others.

No. It passes through the point (0,2).
Yes. It passes through the point (0,0) .
(2,0)

0,2

The graphs of ¥, and Y, intersect at the points
(-2,4) and (1,1).

The values of Y, and Y, are the same when
x=-2and x=1.

y=2x+4
y
A 11
w ) AN
(0,41
5 x
y=4-2x
y
X
10, 4)
5 x

Copyright © 2017 Pearson Education, Inc.



Section 1.3 Graphing Equations

41. y=3-x° “o ] oy
y 3 (3
Eaas o
(0,3) —2|(=2-D
VARN 1 CL-D
X 0| (0,-1)
f \ 1| 1-D
2 | 2-D
3| G-l
2. y=x>+2 S
y=-1y
Y4 lHHlilHH
\ / B i
== -2, -p{® D00, )
0,2) \
X > X
(=3, =D _
-1, Zpja, -1 &7V
I I |
43. x | (x,y) 45. X (x,y)
3135 5 (_2 _1)
2 [ (2.5 2
1] 15 -1 | (-L-1)
0 | (0,5) 1 (_l _2)
1| 15 2\ 2
2 [ (2.5) _1 (_l _3)
3| (3,5 3 3
1 1
y=5y; 0.5 31 137
(=3,5). (3,3 1 (1 2)
ZaDARE\ERN 2 2’
=297 1511, 5725 L L)
¥ 2 (z,lj
2

-

Il
-
=
—
W | =
N
.~
D=
L%
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46. 51. The percentage of the U.S. population that used the
Y ) internet decreased most rapidly between 2008 and
S (_2 1 ) 2009. It decreased by 3%.
2
= (_ 1 1) 52. Between 2007 to 2013, the increase was 9%.
1 1 53. Atage 8, women have the least number of
) _5’2 awakenings, averaging about 1 awakening per
night.
Iy
3 3’ 54. Atage 65, men have the greatest number of
1 1 awakenings, averaging about 8 awakenings per
— (—, —3) night.
3 3
1 1 55. The difference between the number of awakenings
B E’_Z for 25-year-old men and women is about 1.9.
1 (1, _1) 56. The difference between the number of awakenings
) (2 1 j for 18-year-old men and women is about 1.1.
2 57. grapha
58. graphd
1
= — l (_ = 3)
; Y xy 3 59. graphb
—=.2] S 1
( 202 T H (2’ 5) 60. graphc
(_15 1) b
F T 61. graphb
(—2, l) ,,E - 1, -1 62. grapha
2 .4 ~/1
(1 3) (E’ —2) 63. graphc
3 64. graphb
47. The greatest percentage of the U.S. population that 65.-72. Answers will vary.

used the internet was 84%, in 2013.

. 73. makes sense
48. The least percentage of the U.S. population that

used the internet was 70%;, in 2011. 74. does not make sense; Explanations will vary.
Sample explanation: Most graphing utilities do not

49. The percentage of the U.S. population that used the display numbers on the axes.

internet remained constant in 2009 and 2010 at
71%. 75. makes sense

50. The percentage of the U.S. population that used the
internet increased most rapidly between 2011 and
2012. It increased by 9%.

20 Copyright © 2017 Pearson Education, Inc.



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

does not make sense; Explanations will vary.
Sample explanation: There may or may not be a
mathematical model that perfectly describes the
graph’s data.

false; Changes to make the statement true will vary.
A sample change is: If the product of a point’s
coordinates is positive, the point could be in
quadrant I or III.

false; Changes to make the statement true will vary.
A sample change is: When a point lies on the x-axis,
y=0.

true

false; Changes to make the statement true will vary.
A sample change is: Substituting the coordinates of
(2,5) into 3y —2x=—4 gives 3(5)—-2(2)=—4

which simplifies to 11 = -4 which is false.

The four hour day costs $6 and the five hour day
costs $9. Thus the total cost for the two days is $15.

Your car was parked more than six hours, but not
exceeding eight hours.

|-14.3 =143

[12-(13-17)]-[9-(6-10)]
=[12-(-4)]-[9-(-4)]

=[12+4]-[9+4]=16-13=3

6x—5(4x+3)=10=6x-20x~15-10
= (6-20)x~(15+10)
= ~14x-25

4x-3=5x+6
4(-9)-3=5(-9)+6
-36-3=-45+6
-39=-39
The statement is true for x = -9.

87.

88.

Section 1.4 Solving Linear Equations

13-3(x+2)
=13-3x-6
=7-3x

10(3x+1j
2
_10 3x+1
T2
=503x+1)
=15x+5

1.4 Check Points

1.

4x+5=29
4x+5-5=29-5
4x =24
4x 24
4 4
x=6
The solution set is {6}.
Check:
4x+5=29

4(6)+5=29
24+5=29
29=29

2x—12+x=6x—4+5x
3x—12=11x—-4
3x—1lx=—-4+12
-8x=8
—8x 8
-8 -8
x=-1
The solution set is {—1}.
Check:
2x—12+x=6x—4+5x

2=1)—12+(=1) = 6(-1) — 4+ 5(-1)
2-12-1=-6-4-5
~15=-15

Copyright © 2017 Pearson Education, Inc.
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3. 2(x-3)-17=13-3(x+2)
2x-6-17=13-3x-6

2x—-23=7-3x
2x+3x=7+23
5x =130
5x 30
5 5
x=6
The solution set is {6}.
Check:

2(x=3)-17=13-3(x+2)
2(6-3)-17=13-3(6+2)
23)-17=13-3(8)
6-17=13-24
“11=-11

4 x+5 x—3=i
14

el
()220

(x+5)+7x 3
4x+20+7x— 21—10
11x-1=10
11x=10+1
11x=11
lr_11
11 11
x=1
The solution set is {1}.
Check:
x+5 x-3 5
—_— =
7 4 14
1+5 1-3 5
_— =
7 4 14
6 -2 5
—t—=—
7 4 14
24, -14_10
28 28 28
10_10
28 28

5. 4x-T7=4(x-D+3
4x-T=4x—-4+3
4x-T=4x-1
-7=-1
This equation is an inconsistent equation and thus
has no solution.
The solution set is { }.

Tx+9=9(x+1)—-2x
Tx+9=9x+9-2x
Tx+9=Tx+9
9=9
This equation is an identity and all real numbers are
solutions.

The solution set is {x|x is a real number} or

(—o0,00) or R.

T =394x+3123
11,397 =394x +3123
11,397 - 3123 =394x
8274 =394 x
8274  394x
394 394
21=x
The average cost of tuition and fees at public
colleges will reach $11,397 in the school year
ending 21 years after 2000, or 2021.

1.4 Concept and Vocabulary Check

1.
2.

linear

equivalent

b+c

bc

apply the distributive property
least common denominator; 12
inconsistent; &

identity; (—oo,o0)

1.4 Exercise Set

1.

5x+3=18
5x+3-3=18-3
5x=15
Sx 15
5 5
x=3
The solution set is {3}.
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3x+8=50
3x=42
x=14

The solution set is {14}.

6x—3=063
6x—3+3=63+3

6x =66

6x 66

6 6

x=11

The solution set is {11}.

5x-8=72
5x =80
x=16

The solution set is {16}.

14-5x=-41
14-5x—14=-41-14
—5x=-55
~Sx 55
=5 =5
x=11
The solution set is {11}.
25—-6x=-83
—6x =-108
x=18

The solution set is {18}.

11x—(6x—5) =40
1lx—6x+5=40
S5x+5=40
5x+5-5=40-5
S5x =35
x=7
The solution set is {7}.

5x—(2x-8)=35
5x—2x+8=35
3x+8=35
3x=27
x=9
The solution set is {9}.

10.

11.

12.

13.

14.

15.

Section 1.4 Solving Linear Equations

2x-T=6+x
2x—x—-T=6+x—x
x—-7=6
x=T+7=6+7
x=13
The solution set is {13}.

3x+5=2x+13
x+5=13
x=28
The solution set is {8}.

Tx+4=x+16
Tx—x+4=x—x+16
6x+4=16
6x+4-4=16-4
6x=12
6x 12
6 6
x=2
The solution set is {2}.

8x+1=x+43
Tx+1=43

Tx =42

x=6
The solution set is {6}.

8y—-3=11y+9
8y—-8y-3=11y—-8y+9
-3=3y+9
-3-9=3y+9-9
-12=3y
-12 3y
3 3
4=y
The solution set is {—4}.

S5y—-2=9y+2
2=4y+2
—4=4y
1=y

The solution set is {—1}.

3(x=2)+7=2(x+5)
3x—-6+7=2x+10
3x-2x-6+7=2x-2x+10
x—-6+7=10
x+1=10
x+1-1=10-1
x=9
The solution set is {9}.
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16. 2(x-1)+3=x-3(x+1)
2x—243=x-3x-3

2x+1=-2x-3
4x+1=-3
4x=-4
x=-1

The solution set is {—1}.

17. 3(x—4)—4(x—3)=x+3—(x—2)
3x-12-4x+12=x+3—-x+2
—-x=5
x=-5
The solution set is {-5}.

18. 2—(7x+5)=13-3x
2-7x-5=13-3x
—7x-3=13-3x
—-4x-3=13
—~4x =16

x=-4
The solution set is {—4}.

19. 16=3(x—1)—(x—7)
16=3x-3-x+7
16=2x+4

16-4=2x+4-4
12=2x
12 2x
2 2
6=ux
The solution set is {6}.

20. 5x—(2x+2)=x+(3x—5)
Sx—2x—-2=x4+3x-5
3x-2=4x-5
—2=x-5

3=x
The solution set is {3}.

21, 7(x+1)=4[x—(3-x)]
7x+7=4[x—3+x]
Tx+7=4[2x-3]
Tx+7=8x-12

Tx—Tx+T7T=8x-Tx—-12
T=x-12
T+12=x-12+12
19=x
The solution set is {19}.

22. 2[3x—(4x-6)]=5(x-6)
2[3x—4x+6]=5x—30
2[—x+6]=5x—30
—2x+12=5x-30
12=7x-30

42 ="x

6=x
The solution set is {6}.

23. %(4z+8)— 16 = —%(92 -12)

2z+4-16=—-67+8
27-12=-6z+8
8z—-12=38
8z=20
=5

<

S
2
. . |5
The solution set is E .

3 2
24, —(24-8z)-16=——(6z-9

18—6z—-16=-4z7+6

2-6z=-4z+6
2-2z=6
—2z=4

z=-2
The solution set is {-2}.

X

25. 22

3 2
o3)-5-2
3 2
2x=3x—-12
2x—-3x=3x-3x—-12
-x=-12
x=12
The solution set is {12}.

26.

x =30
The solution set is {30}.
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27.

28.

29.

30.

31.

20X
3 2

o[-3)-(3)

120-2x =3x
120-2x+2x=3x+2x
120=5x
120 5x
5 5
24 =x
The solution set is {24}.

x—15=0

x=15
The solution set is {15}.

3x  2x
—=—+1
5 3

15(3_XJ - 15[2_x+1j
5 3
9x=10x+15
9x—-10x=10x-10x+15
-x=15
x=-15
The solution set is {—15}.

2x=3x+20
-x=20
x=-20
The solution set is {-20}.

6x—10x=x-25
—4x=x-25
—4x—-x=x—-x—-25
—S5x=-25
x=35
The solution set is {5}.

Section 1.4 Solving Linear Equations

32. 2x——=

28x—2(2x) = 7x+7(17)
28x—4x=T7x+119
24x=Tx+119
17x =119
x=17
The solution set is {7}.

x+3_g x—5
6 3 4

12(x+3)=12(3)+12(x_5j
6 3 4
2(x+3)=4(2)+3(x-5)
2x+6=8+3x—-15
2x+6=3x-17
-x+6=-7
-x=-13
x=13
The solution set is {13}.

33.

34, x+1:l+2—x
4 6 3
12 “1):12 1,2-x
4 6 3
3(x+1)=2+4(2—x)
3x+3=2+8—-4x
3x+3=10—-4x
Tx+3=10
Tx="17
x=1
The solution set is {1}.

x-=3

3s. ooy
4

3
12(ﬁ) = 12(2+ X3
4 3
3x=24+4(x-3)
3x=24+4x-12
3x=12+4x
3x—4x=12+4x—-4x
-x=12
x=-12
The solution set is {—12}.

N—
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36.

37.

38.

39.

26

x—2 x+3
3 8

24(5+x;2)=24(“3j
3 8
120+8(x—2)=3(x+3)
120+8x—16=3x+9
104 +8x=3x+9
104+5x=9
5x=-95

x=-19
The solution set is {—19}.

5+

x+1 x+2

3 7

21(x+1)=21(5_ x+2)
3 7
7(x+1)=105—3(x+2)

Tx+7=105-3x-6
Tx+3x+7=105-3x+3x-6

10x+7 =99
10x =92

_92_46

10 5

The solution set is {?} .

3_x_x—3_x+2
5 2 3

30 3_x_ x—3):30 x+2)
5 2 3

6(3x)~15(x—3)=10(x+2)
18x —15x+45=10x+20
3x+45=10x+20
45="7x+20
25="7x
25
==

X

The solution set is {g}

5x+9=9(x+1)—-4x
5x+9=9x+9—-4x
5x+9=5x+9

The solution set is {x|x is a real number} or

(—o0,00) or R. The equation is an identity.

40.

41.

42,

43.

44.

45.

4x+7=7(x+1)-3x

Ax+T7=Tx+7-3x

4x+T=4x+7

The solution set is {x|x is areal number} or

(—e0,00) or R. The equation is an identity.

3(y+2)=7+3y
3y+6=743y
3y-3y+6=T7+3y-3y
6="17

There is no solution. The solution set is{ } or &.

The equation is inconsistent.

4(y+5)=21+4y
4y+20=21+4y
20=21

There is no solution. The solution setis { } or @.

The equation is inconsistent.

10x+3=8x+3
10x—-8x+3=8x—-8x+3
2x=0
x=0
The solution set is {0} The equation is
conditional.
Sx+T7=2x+7
3x+7=7
3x=0
x=0
The solution set is {0} The equation is
conditional.
1
5(6z+20)—8 =2(z-4)
3z+10-8=2z-8
3z42=2z-8
z+2=-8
z=-10

The solution set is {—10}. The equation is

conditional.
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46.

47.

48.

49.

50.

51.

52,

%(61 +12) = %(202 +30)-8

2z+4=4z+6-8
2z+4=4z-2
-2z=-6
z=3
The solution set is {3} The equation is

conditional.

—4x—3(2—2x) =7+2x
—4x—-6+6x=T7+2x
2x—-6=T7+2x
—-6=7
There is no solution. The solution set is{ } or &.

The equation is inconsistent.

3x-3(2-x)=6(x—1)
3x—6+3x=6x—-6
6x—6=6x-6

The solution set is {x|x is a real number} or

(—o0,20) or R. The equation is an identity.

y+3(4y+2)=6(y+1)+5y
y+12y+6=6y+6+5y
13y+6=11y+6
2y+6=6
2y=0
y=0

The solution set is {O}. The equation is conditional.

9y—3(6—5y)= y—2(3y+9)
9y—-18+15y=y—-6y—18
24y —-18=-5y—18
29y-18=-18
29y=0
y=0

The solution set is {0} The equation is

conditional.

3(x—4)=3(2-2x)
x=2

32x—=5)=5x+2
x=17

53.

54.

5S.

56.

57.

Section 1.4 Solving Linear Equations

-3(x-3)=512-x)
x=0.5

2x—=5=4Gx+1) -2
x=-0.7

Solve: 4(x—2)+2=4x-2(2—-x)
4x—-8+2=4x—-4+2x
4x-6=6x—-4
—2x-6=—4
—2x=2
x=-1
Now, evaluate x?—x for x=-1:
¥ —x= (=)= (=)
=1-(-D)=1+1=2

Solve: 2(x—6)=3x+212x-1)
2x—12=3x+4x-2
2x—12=Tx-2

—Sx-12=-2
—5x=10
x=-2

Now, evaluate x?—x for x=-2:

¥ —x=(=2)-(-2)

=4—-(-2)=4+2=6

3(x+3)

Solve for x: =2x+6

3(x+3) = 5(2x +6)
3x+9=10x+30
~7x+9 =130

~Tx =21

x=-3

Solve fory: —2y—-10=5y+18
-7y—-10=18
Ty =28
y=-4

Now, evaluate x> — (xy—y) for x=-3 and
y=—4:
X = (xy - y) = (3)* = [-3(-4) - (-4)]
= (-3 -[12-(-4)]
=9-(1244)=9-16=-7
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58. Solve for x: 13x4‘6:5x+2 61. 5-12x=8-7x-[6+3(2+5")+5x]
13x—6=4(5x+2) 5—12x=8-7x—[6+3(2+125)+5x]
13x-6=20x+8 5-12x=8-7x—[6+3-127 +5x]
—Tx-6=8 5-12x=8-7x—[2-127 +5x]

~Tx=14

5—12x=8-7x—[254+5x]

x=-2 5—12x=8—7x—254—5x
Solve fory: 5—y=7(y+4)+1 5-12x=-12x-246
S5—-y=Ty+28+1 5=-246
5—y=Ty+29 The final statement is a contradiction, so the
equation has no solution. The solution setis &.

5-8y=29

-8y =24 62. 2(5x+58)=10x+4(21+3.5-11)
y=-3 10x+116=10x+4(6-11)

10x +116 = 10x +4(-5)

Now, evaluate x> — (xy—=1y) for x=-2 and
10x+116 =10x-20

=-3:
y2 5 116 =-20
X =(xy—-y)=(2) - [_2(_3) - (_3)] The final statement is a contradiction, so the
=(=2)% - [6-(-3)] equation has no solution. The solution setis &.
=4-(6+3)=4-9=-5 63. 0.7x+0.4(20) = 0.5(x +20)
5 0.7x+8=0.5x+10
59. |(3+6) +3]-4=—54x 02x+8=10
(92+ )-4:_54x 02x=2
x=10
(81+3)-4=-54x The solution set is {10}.
27-4=-54x
108 = —54x 64. 0.5(x+2)=0.14+3(0.1x+0.3)
oy 0.5x+1=0.1+0.3x+0.9
The solution set is {-2}. 0.5x+1=03x+1
02x+1=1
60. 23—[4(5—3)1:—& 0.2x=0
x=0
8- [4(2)1 - 8x The solution set is {0}.
8—-4-8=-8x
8-32=-8x
—24 =-8x
3=x

The solution set is {3} .
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65. 4x+13—{2x—[4(x—3)—5}}=2(x—6)
4x+13-{2x-[4x—12-5]} =2x-12
dx+13-{2x-[4x-17]}=2x-12
4x+13-{2x—4x+17}=2x-12

4x+13-{-2x+17}=2x-12
4x+13+2x—-17=2x-12

6x—4=2x-12
4x—-4=-12
4x=-8
x=-2

The solution set is {-2}.

66. —2{7-[4-2(1-x)+3]} =10-[4x-2(x-3)]
—2{7-[4-2+2x+3]} =10 [4x—2x+6]
~2{7-[2x+5]} =10-[2x +6]
—2{7-2x-5}=10-2x-6
2{-2x+2}=-2x+4
4x—4=-2x+4

6x—4=4
6x=38

The solution set is {%} .

67. a. Model 1: T =1157x+14,961
=1157(14) +14,961
=31,159
Model 2: T =21x? +862x +15,552
T =21(14)* +862(14) +15,552
=31,736
Model 1 estimates the cost in 2014 to be
$31,159 which means Model 1 underestimates
by $542.
Model 2 estimates the cost in 2014 to be

$31,736 which means Model 2 overestimates by
$35.

68.

69.

Section 1.4 Solving Linear Equations

T =1157x+14,961
36,944 =1157x+14,961
21,983 =1157x
21,983 1157x
1157 1157
19=x
Tuition and fees will average $36,944 at private

four-year colleges in the school year ending 19
years after 2000, or 2019.

. Model 1: T =1157x+14,961

=1157(12) +14,961
= 28,845
Model 2: T = 21x* +862x +15,552
T =21(12)% +862(12) +15,552

=28,920
Model 1 estimates the cost in 2012 to be
$28,845 which means Model 1 underestimates
by $211.
Model 2 estimates the cost in 2012 to be
$28,920 which means Model 2 underestimates
by $136.

T =1157x+14,961
39,258 = 1157x +14,961
24,297 = 1157x
24,297 1157x

1157 1157
21=x
Tuition and fees will average $39,258 at private
four-year colleges in the school year ending 21
years after 2000, or 2021.

$22,000

C = 442x+12,969
=442(20)+12,969
=$21,809

It describes the estimate from part (a)
reasonably well.

C=2x>+390x+13,126
=2(20) +390(20) + 13,126

=$21,726
It describes the estimate from part (a)
reasonably well.
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70. a. $17,000

b.  C=442x+12,969
= 442(10) +12,969
=$17,389

It describes the estimate from part (a)
reasonably well.

c. C=2x>+390x+13,126
=2(10)%> +390(10) + 13,126
=$17,226

It describes the estimate from part (a)
reasonably well.

71. Model 1:
C=442x+12,969

= 442(0)+12,969
= $12,969

Model 2:

C =2x>+390x+13,126
=2(0)? +390(0) +13,126
=$13,126

According to the graph, the cost in 1990 was
$13,100. Thus, Model 2 is the better model.
Model 2 overestimates the cost shown in the graph
by $26.

72. Model 1:
C =442x+12,969
=442(23)+12,969
=$23,135

Model 2:

C =2x* +390x+13,126
=2(23)? +390(23) +13,126
=$23,154

According to the graph, the cost in 2013 was
$23,300. Thus, Model 2 is the better model. Model
2 underestimates the cost shown in the graph by
$146.

73. C=442x+12,969
26,229 =442x +12,969
13,260 = 442x
13,260 442x
442 442
30=x
Model 1 predicts the cost will be $26,229 30 years
after 1990, or 2020.

74. C = 442x+12,969
25,345 = 442 +12,969
12,376 = 442x
12,376 _ 442x

442 442
28=x
Model 1 predicts the cost will be $25,345 28 years
after 1990, or 2018.

75.-85. Answers will vary.

86. 5x+2(x—1)=3x+10
Let y, =5x+2(x—1) andlet y, =3x+10.

NORMAL FLOAT AUTO REAL RADIAN MP n

y,=3x+10

y»=5&+2(x-1

2 A 5
-10

The solution set is {3}.

87. 2x+3(x—4)=4x-7
Let yy =2x+3(x—4) andlet y, =4x-7.

NORMAL FLOAT AUTO REAL RADIAN MP n

=4x -7

é}/ 2+ 3(x — 4)

The solution set is {5}.
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88. 32x+11)=305+x) 95. false; Changes to make the statement true will vary.

Let y, =3(2x+11) andlet y, =3(5+x). A sgmple change is: Th§ equations are not
equivalent. If the equations were equivalent, they

would have the same solution set. 4 cannot be the
solution to the first equation, because 4 would make
y, = 3Q2x + 11) 3 the denominator 0.
96. true
. et = 97. false; Changes to make the statement true will vary.
¥, =36+ A sample change is: If @ and b are both zero, there
9 are an infinite number of values of x for which the

- - equation is true.
The solution set is {-6}.

98. ax+b=c
2x—-1 x-5 x-3

89. - = ax+b-b=c-b
3 6 4 ax=c—b

Let _2x—1_x_—5 and let _x_—3 )
N1 3 6 Y2 4 x:C_b

NORMAL FLOAT AUTO REAL RADIAN MP n a

99. Answers will vary.

100. Answers will vary.

7(-6)+4
101. ——+13=-6
2t 3 13=6-13
The solution set is {—5}.
381

90. makes sense b

91. makes sense —38=-19

2=b

92. does not make sense; Explanations will vary.

Sample explanation: The solution set is all real When b = 2, the solution set is {-6}.
numbers.

93. does not make sense; Explanations will vary. 102. _1 (_lj = _1 + 1 = _1 . 2+ 1 . 2
Sample explanation: The equation is solved by 5 2 5 2 52 25
using the multiplication property. 2.5 3

© 10 1010

94. false; Changes to make the statement true will vary.
A sample change is: The equation has a solution set
of {0}.
Tx=x

103. 4(-3)(-1)(-5)=(-12)(5) =-60

—TIx—x=x—x
—-8x=0
x=0
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1041« | (xy) 3. 3[7-4(5-2)]=3[7-4(3)]
-3 | (-3.5) =3[7-12]
-2 | (-2,0) =3(-5)
-1 (_1,_3) =-15
The solution set is {—15}.
0| (0,-4)
1 (1,-3) " x—3_1=x—5
5 4
2 (2’0) x=3 x=35
3 (3’5) 20( 5 —1)220( 2 j
4(x=3)-20=5(x-5)
y=””|2|74y‘ - 4x—12-20=5x-25
(—3|, [51 5 ](il”,l5) 4x-32=5x-25
LY Jr —x— - _
(=2, 0\ [(2,0) x—=32=-25
a1 = v —x=7
[REEY Jl e
(-1, -3)x LS a, -3) x=-7
L1 ©, —4) The solution set is {—7}.
105. a. 3x-4=32 A )
5 2 +(-2) _Cle+4 12,
b. 3x-4=32 ’ _4_(2_2)_ —4-0 -4
3x =36
x=12 6. 7Tx—[8-3(2x-5)]
The number is 12. :7x—[8—6x+15]
106. x+44 =7x—[-6x+23]
107. 20,000 2500x =Z§+6;‘3_ 23
= X —
7. 3(2x-5)-2(4x+1)=-5(x+3)-2
Mid-Chapter Check Point — Chapter 1 6x—15—8x—-2=-5x—15-2
1. =5+3(x+5)=-5+3x+15 “2x =17 =517
3410 3x—17=-17
3x=0
2. -5+3(x+5)=2(3x-4) x=0
—5+3x+15=6x—28 The solution set is {0}.
3x+10=06x-8 8. 3(2x-5)—2(4x+1)-5(x+3)-2
—3xrl0=-8 =6x—15-8x—2-5x—15-2
_3x:;18 = (6x—8x—5x)+(-15-2-15-2)
X =

The solution set is {6}. =-Tx-34

9. 4% +2+(-3)(-5)=-16+2+(-3)(-5)
=-8+15
=7
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3x+1-(x—-5)=2x—-4
3x+1-x+5=2x-4
2x+6=2x—-4
6=—-4
This is a contradiction, so the equation has no
solution. The solution set is .

—4]l=———
4 3 5 20

602X X4 1]60[ -2
43 5 20

45x—-20x+60=48x—-9
25x+60=48x-9
-23x+60=-9
—23x=-69
x=3
The solution set is {3}.

3xx14x3

5% +4+2

82-92 +8
25+2

= —3 — -

(=3)(=4) 64—81+8
27

=(=3)(-4)+ ==

(3)(~4)+=

~(3)(-4)+(3
)

(6-9)(8-12)+

4x—2(1—x)=3(2x+1)—5
dx—-2+2x=6x+3-5

6x—2=6x-2
The equation is an identity. The solution set is {x|x
is a real number} or R.

3[4—3(—2)2] _3(4-3-9)

22 _94 4-16
3(4-12)
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19.

20.
21.

22,

23.

x | (x,y)

-2 6

-1 3

0 2

1 3

2 6
y=x>+2y

\ [~/
©,2) -
x

true
false; {x|x is a negative greater than —4 }

= (=3,-2,-1}, not {—4,-3,-2,—1} .

false; —17 does belong to the set of rational
numbers.

true; —128+(2-4) > (-128+2)-4
-128+8>-64-4
-16>-256

which is true because —16 is to the right of —256
on the number line.

1.5 Check Points

1.

34

Let x = the average yearly salary, in thousands, of
women with an associate’s degree

Let x + 14 = the average yearly salary, in thousands,
of women with an bachelor’s degree

Let x + 26 = the average yearly salary, in thousands,
of women with a master’s degree

x+(x+14)+(x+26) =139
x+x+14+x+26=139
3x+40=139

3x=99

x=33

x =33, associate's degree: $33,000
x+14 =47, bachelor's degree: $47,000
x+26=759, master's degree: $59,000

. Let x = the number of years since 1969.

85-09x=25
-09x=25-85
-0.9x=-60
-60
xX=—
-0.9
x =67

25% of freshmen will respond this way 67 years
after 1969, or 2036.

. Let x = the number of bridge crossings.

5x=40+3x
5x—=3x=40
2x =40

x=20
The two plans cost the same for 20 bridge crossings.

. Let x = the original price of the new computer.

x—0.30x = 840
0.70x = 840
0.70x 840

070~ 0.70
x=1200
The original price of the new computer was $1200.

. Let x = the width of the basketball court.

Let x+44 = length of the basketball court.
P=2]+2w
288 =2(x+44)+2x
288 =2x+88+2x
288 =4x+88
—4x =-200
x=50
x+44 =94
The dimensions of the basketball court are 50 feet
by 94 feet.

21+2w=P
2w=P-2l
2w P-2]
2 2
_P-2]
)
V =Ilwh
V. _ Iwh
wo w
LA
Iw
v
Cw
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8. K—3H =53
2

K:53+3H
2

2[%) =2(53+3H)

W =106+ 6H
9. P=C+MC
P=C(1+M)
P C(l+M)
1+M 1+ M
P —_
1+M
P
C1+M

1.5 Concept and Vocabulary Check
1. x+658.6
2. 31+24x
3. 440.15x
4. x—-0.15x or 0.85x
5. isolated on one side

6. distributive

1.5 Exercise Set

1. Let x = a number.
5x—4=26
5x =30
x=6
The number is 6.

2. Let x = a number.
2x-3=11

2x =14
x=7
The number is 7.

3. Let x = anumber.
x—0.20x=20
0.80x =20
x=25

The number is 25.

10.

Section 1.5 Problem Solving and Using Formulas

Let x = a number.
x—0.30x=28

0.70x = 28

x=40
The number is 40.

Let x = a number.
0.60x + x =192
1.6x=192
x=120
The number is 120.

Let x = a number.
0.80x+ x =252
1.8x =252
x=140
The number is 140.

Let x = a number.
0.70x =224

x =320
The number is 320.

Let x = a number.
0.70x =252

x =360
The number is 360.

Let x = a number.
Let x+26 = the other number.
x+ (x + 26) =64
x+x+26=64
2x+26=64
2x =38
x=19
If x=19,then x+26=45.
The numbers are 19 and 45.

Let x = a number.
Let x +24 = the other number.

x+(x+24) =58
x+x+24=58
2x+24 =58
2x =34
x=17
If x =17, then x +24 = 41.
The numbers are 17 and 41.
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11. V=Y, =2 17. Let x = the longest lifespan of a goldfish.
(13x —4)— (5x+10) = 2 Let x+21= the longest lifespan of a horse.
Let x+79 = the longest lifespan of a human.

13x—4-5x-10=2 x+(x+2D)+(x+79)=229

8x-14=2 X+ x+214+x+79 =229

8x=16 3x+100 = 229

x=2 3x=129

x =43

12. -y =3 x+21=64
(10x+6)— (12x-7) =3 Xx+79=122

The longest lifespan of a goldfish was 43 years.

10x+6-12x+7=3 The longest lifespan of a horse was 64 years.

—2x+13=3 The longest lifespan of a human was 122 years.
—2x=-10
=5 18. Let x = the number of words, in thousands, in
= Japanese.
13. y, =8y, +14 .Let X + 767 = the number of words, in thousands,
_ in English.
102x -1 =82x+1)+14 Let x+ 268 = the number of words, in thousands,
20x-10=16x+8+14 in Chinese.
20x—-10=16x+22 x+(x+767)+(x+268)=1731
dx=132 X+x+767+x+268=1731
s 3x+1035=1731
o 3x =696
=232
14. v =12y, =51 X
x+767 =999
93x-5)=12(3x-1)-51 4268 = 500
27x—-45=36x—-12-51 The number of words, in thousands, in Japanese,
27x—45=36x—-63 English, and Chinese are 232, 999, and 500,
27x —36x = 45— 63 respectively.
—9x=-18 19. Let x = the measure of the 2" angle.
x=2 Let 2x = the measure of the 1™ angle.
x—8 = the measure of the 3 angle.
15. 3y, =5y, =y;-22 x+2x+(x—8)=180
3(2x+6)—5(x +8) = (x)—22 4x-8=180
6x+18-5x—40=x-22 4x =188
x—22=x-22 x =47
22 =222 If x=47,then 2x =94 and x—8=39. Thus, the
x is satisfied by all real numbers. measure of the 1* angle is 94° , the ond angle is

47°, and the 3" angle is 39°.
16. 2y, =3y, =4y; -8

2(2.5)-32x+1)=4(x)-8
5-6x—-3=4x-8
—6x+2=4x-8
—6x—4x=-8-2
—-10x=-10

x=1
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20.

21.

22,

23.

Let x = the measure of the second angle.

Let 3x = the measure of the first angle.

Let x —35 = the measure of the third angle.

x+3x+(x—35) =180
x+3x+x-35=180

5x—35=180
5x =215
x=43

If x =43, 3x=3(43)=129 and
x—35=43-35=8.
The measure of the first angle is 129°.

The measure of the second angle is 43°.
The measure of the third angle is 8°.

Let x = the measure of the first angle.
Let x+1 = the measure of the second angle.
Let x+2 = the measure of the third angle.

x+(x+1)+(x+2) =180

3x+3=180
3x =177
x=59

If x=59,then x+1=60 and x+2=61. Thus,
the measures of the three angles are 59°, 60°, and
61°.

Let x = the measure of the first angle.

Let x + 2 = the measure of the second angle.
Let x + 4 = the measure of the third angle.
x+(x+2)+(x+4)=180

3x+6=180
3x=174
x=158

If x=58 x+2=58+2=60, and
x+4=58+4=062.

The measure of the first angle is 58°.
The measure of the second angle is 60°.
The measure of the third angle is 62°.

Let x = the number of years since 2000.

31+2.4x =67
24x=67-31
24x =736
36
x=—
2.4
x=15

67% of American adults will view college education
as essential 15 years after 2000, or 2015.

24,

25.

26.

27.

Section 1.5 Problem Solving and Using Formulas

Let x = the number of years since 2000.

45-17x=11
-1.7x=11-45
-1.7x=-34
-34
xX=—
-1.7
x=20

11% of American adults will believe that most
qualified students get to attend college 20 years
after 2000, or 2020.

Let x = the number of years since 1960.

23-028x=0
~0.28x = 23
—028x 23
028  -0.28
x =82

If this trend continues, corporations will pay zero
taxes 82 years after 1960, or 2042.

Let x = the number of years since 1960.

23-028x =5
~0.28x = —18
—028x  —I8
028  -0.28
x =64

If this trend continues, 5% of federal tax receipts
will come from corporations 64 years after 1960, or
2024.

a. Let x = the number of deaths, in thousands, per
day.
Let 3x—84 = the number of births, in
thousands, per day.
(Bx—-84)—x=228

3x—84—-x=1228
2x—84 =228
2x =312

x =156

3x—84 =384

births: 384,000
deaths: 156,000

b. 228,000-365 = 83,220,000

= 83 million

320 million _
83 million
It will take about 4 years.
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28.

29.

30.

31.

38

a. Letx =the number of deaths, in thousands, per
day.
Let 2x+72 = the number of births, in
thousands, per day.

2x+72)—x=228
2x+72—-x=228
x+72=228

x =156
2x+72=384

births: 384,000
deaths: 156,000

b. 228,000-365 = 83,220,000
= 83 million

320 million _
83 million
It will take about 4 years.

Let x = the number of bus uses.
Cost without discount pass: 1.25x
Cost with discount pass: 15+ 0.75x
1.25x=15+0.75x

0.50x=15

x=30
The bus must be used 30 times in a month for the
costs to be equal.

Let x = the number of months.
The cost for Club A: 25x +40
The cost for Club B: 30x+15
25x+40=30x+15

—5x+40=15
—Sx=-25
x=5
The total cost for the clubs will be the same at 5

months. The cost will be
25(5)+40=30(5) +15=$165

Let x = the number of crossings.

Cost without discount pass: $5x

Cost with discount pass: $30 + $3.50x
5x=30+3.50x

1.50x =30

x=20
The bridge must be used 20 times in a month for the
costs to be equal.

32,

33.

34.

35.

36.

37.

Let x = the number of gigabytes used.
40+15x =30+ 20x

10=5x
2=x
The two data plans will be the same cost fot 2 GB.

a. Let x = the number of years (after 2008).
College A’s enrollment: 13,300+ 1000x
College B’s enrollment: 26,800 —500x
13,300+ 1000x = 26,800 — 500x
13,300+ 1500x = 26,800

1500x = 13,500
x=9
The two colleges will have the same enrollment
9 years after 2008, or 2017.

That year the enrollments will be
13,300 +1000(9) = 26,800 — 500(9)

= 22,300 students

b. Check points to determine that
¥, =13300+1000x and y, =26800-500x .

Let x = the number of years after 2000.
10,600,000 - 28,000x = 10,200,000 - 12,000x
—-16,000x = —400,000

x=25
The countries will have the same population 25

years after the year 2000, or the year 2025.
10,200,000 -12,000x = 10,200,000 —12,000(25)

=10,200,000 — 300,000
= 9,900,000
The population in the year 2025 will be 9,900,000.

Let x = the cost of the television set.
x—0.20x =336

0.80x =336

x =420
The television set’s price is $420.

Let x = the cost of the dictionary.
x—0.30x=30.80

0.70x = 30.80
x=44
The dictionary’s price before the reduction was $44.

Let x = the nightly cost.
x+0.08x =162

1.08x =162

x=150
The nightly cost is $150.
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38.

39.

40.

41.

42,

43.

Let x = the nightly cost.
x+0.05x =252

1.05x =252

x =240
The nightly cost is $240.

Let ¢ = the dealer’s cost.
584 =c+0.25¢

584 =1.25¢

467.20=c

The dealer’s cost is $467.20.
Let ¢ = the dealer’s cost.
15=¢c+0.25¢

15=1.25¢

12=c¢

The dealer’s cost is $12.

Let w = the width of the field.
Let 2w = the length of the field.

P =2(length) +2(width)
300 = 2(2w) + 2(w)
300 =4w+2w
300 = 6w
50=w
If w=150, then 2w =100 . Thus, the dimensions
are 50 yards by 100 yards.

Let w = the width of the swimming pool.
Let 3w = the length of the swimming pool.

P =2(length) +2(width)
320 = 2(3w)+2(w)
320=6w+2w
320 =8w

40=w

If w =40, 3w = 3(40) = 120.
The dimensions are 40 feet by 120 feet.

Let w = the width of the field.
Let 2w + 6 = the length of the field.

P =2(length) +2(width)
228 =2(2w+6)+2w
228 =4w+124+2w
228 =6w+12
216 = 6w
36=w

If w=36,then 2w+ 6=2(36)+6=78. Thus, the

dimensions are 36 feet by 78 feet.

44.

45.

46.

47.

Section 1.5 Problem Solving and Using Formulas

Let w = the width of the pool.
Let 2w — 6 = the length of the pool.

P =2(length) + 2(width)
126 =2(2w—6)+2(w)
126 =4w—12+2w
126 = 6w—12
138 = 6w

23=w
Find the length.
2w—-6=2(23)-6=46-6=40

The dimensions are 23 meters by 40 meters.

Let x = the width of the frame.
Total length: 16+ 2x .
Total width: 12+ 2x .
P = 2(length) + 2(width)
72 = 2(16+ 2x)+ 2(12 + 2x)
72=32+4x+24+4x
72 =8x+56
16 =8x
2=x
The width of the frame is 2 inches.

Let w = the width of the path.

Let 40 + 2w = the width of the pool and path.
Let 60 + 2w = the length of the pool and path.
2(40+2w) +2(60+ 2w) = 248

80+4w+120+4w = 248
200+ 8w =248
8w =48

w=6
The width of the path is 6 feet.

Let x = the length of the call.
0.43+ O.32(x - 1) +2.10=5.73
0.43+0.32x-0.32+2.10=5.73
0.32x+2.21=5.73
0.32x=3.52
x=11
The person talked for 11 minutes.
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48. Let g = the gross amount of the paycheck. 56.

49.

50.

51.

52.

53.

54.

55.

40

Yearly Salary = 2(12) g + 750
33150 =24g +750
32400 = 24¢
1350 = ¢

The gross amount of each paycheck is $1350. 57

(from geometry)
A=lw

==
w

(from geometry)
A=lw

w=—

l

(from geometry)

A:lbh
2

2A=Dbh
_24
h

b

(from geometry)
A= lbh
2
2A=bh

_24
b

h

(from finance)
I = Prt
1

P==
rt

(from finance)
I = Prt
1
t=—
Pr

(from finance)
T=D+ pm
T—-D=pm
_T-D

p=—o
m

58.

59.

60.

61.

62.

(from finance)
P=C+MC
P-C=MC
P-C

M="—
C

. (from geometry)

A:%h(a+b)

2A4=h(a+b)

(from geometry)
1

A=—hla+b

h(a+b)

2A=h(a+b)
%=a+b
h

b:ﬁ—a or b
h

(from geometry)
V= l71'}’2h
3

3V = zr’h
p
Tr

(from geometry)
v=Lan
3

3V = zr’h
.

P2 =2
7h

(from algebra)
Y=n =m(x—x1)
= Y= N

X=X

(from algebra)
Y2=0 :m(x2 —xl)

Yo =N

Xy X
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63. (from physics)

V= d, —d,
t
d =Vt+d,

64. (from statistics)

X—u
Z:
N
s=Xx—U
xX=2z5+tu

65. (from algebra)

Ax+By=C
Ax=C-By
‘= C-By
A
66. (from algebra)
Ax+By=C
By=C-Ax
_C-Ax
Y B

67. (from physics)

1 2
s=—at” +vt
2

2s = Z(%aﬂ J +2vt

25 =at® +2vt
2s—at® =2vt

25— at* _ 2wt

2t 2t
25— at?
V=
2t
68. (from physics)
1
s=—at’ +vt
Ss—Vvt= —at2
25 —2vt = at?
25 —2vt
a=

12

69.

70.

71.

72.

73.

74.

Section 1.5 Problem Solving and Using Formulas

(from algebra)

L= a+(n—1)d
L—a= (n—l)d
L-a I

d
n= L-a +1
d
or

L—a+d
n=———

d

(from algebra)

L= a+(n—1)d
L-a= (n—l)d
d= L—-a

n—1

(from geometry)

A= 20w+ 2lh+2wh
A= 2wh = 2lw+2lh
A—2wh =(2w+2h)
A-2wh
T 2w+ 2h

(from geometry)
A=2lw+2lh+2wh
A-2lw=2lh+2wh
A=2lw=h(20+2w)
b= A-2lw
21 +2w

(from physics)
IR+Ir=E

I(R+r)=E
__E
CR+r

(from statistics)
_N Nt
n
nA=x; +x, + x5
X +x,+x
p=1THTY
A

75.-80. Answers will vary.
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81.

82.

83.

84.
8s.

86.

87.

88.
89.

90.

91.

42

NORMAL FLOAT AUTO REAL RADIAN MP ﬂ

100\‘1:314-2.'4}(

/

=15 Y=67

a. Letx = the number of years after 1960.
y=23-0.28x

b. The table and graph of y, verify the results.

does not make sense; Explanations will vary.
Sample explanation: The variable may be solved in
terms of other variables.

makes sense

makes sense

does not make sense; Explanations will vary.
Sample explanation: When traveling in Europe, the
temperature is typically reported in Celsius. Thus,
the most useful temperature conversion formula will
be from Celsius to Fahrenheit.

false; Changes to make the statement true will vary.

. I
A sample change is: If I = prt, then t=—.
pr

true

false; Changes to make the statement true will vary.
A sample change is: The solution uses the
distributive property.

P=C+MC

P=C(1+M)
P
C1+M

false; Changes to make the statement true will vary.
A sample change is: It is modeled by x — %x.

Let x = the original price of the dress.
If the reduction in price is 40%, the price paid is
60%.

price paid = 0.60(0.60x)
72 =0.60(0.60x)
72 =0.36x

200 =x
The original price is $200.

92,

93.

9.

Let x = the number of problems solved correctly.
Let 26 — x = the number of problems solved incorrectly.

0.08x = 0.05(26 - x)
0.08x=1.3-0.05x
0.13x=1.3
x=10
10 problems were solved correctly.

Let x = the amount a girl would receive.

2x = the amount Mrs. Ricardo would receive.
4x = the amount a boy would receive.

Total Savings = x +2x +4x

14,000 = 7x
2,000 = x
Mrs. Ricardo received $4000, the boy received
$8000, and the girl received $2000.

Let x = the number of plants originally stolen.

After passing the first security guard, the thief has:
xX— lx+2 = x—lx—2=lx—2.
2 2 2

After passing the second security guard, the thief has:

lx—2— 1 lx—2 +2

2 212

zlx—2—(lx—l+2j=lx—2—(1x+lj
2 4 2 4

=lx—2—lx—1=lx—3.
2 4 4

After passing the third security guard, the thief has:

Since the thief has 1 plant after passing the third
security guard, we can set the expression equal to 1
and solve for x.

1 7

—x——=1

8 2
s(55-2)-50)

x—4(7)=8
x—28=8
x=36
The thief stole 36 plants.
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95.

96.

97.

98.

99.

100.

V:C_ELEN
L

V:c_(ﬂjﬁ
L )1
voc CN-SN
L
y_CL_CN-SN

L L
CL-CN + SN

V:

L

LV =CL-CN + SN
LV - SN =CL-CN
LV-SN=C(L-N)

C:LV_SN
L-N
{x—4<x§0}
e
5-4-3-2-1 0 1 2 3 4 5

5

(2+4)° +(-1) _(6) +(-1) _36+(-1)

12+2-3-3 6-3-3 18-3
BT
15 3
2x 8
222
3 3
2x 8
3 ———1=3
(-3
2x—8=3x
—-8=x

The solution set is {-8}.
a. b*- b =b-b-b-b)b-b-b)=b’
b. b’ =0b-b-b-b-b)b-b-b-b-b)=b"

¢. When multiplying exponential expressions with
the same base, add the exponents.

b’ b/'ﬁ/'l{'b'b'b'bzbzt

a. —=

b B-B-B
B B-B-bb-bbbb
b. po 7 ¥ =b

¢. When dividing exponential expressions with the
same base, subtract the exponents.

Section 1.6 Properties of Integral Exponents

101. ! o= 173
1 2
) ()
1
27
=(-2)°
=-8
1.6 Check Points

1. a. p%-p° =p =p!!

b. (4x3y4)(10x2y6)=4-10-x3-x2-y4-y6
= 40x32 0

=40x y10

6
2. a. % = (=32 = (=3 =27

27x*y8 27 .
p, MY _ 2T a3

1.3
30y 3 y

V85 =9y

3.a 7°=1
b. (-5)°=1
c. 3'=-(5"=-1

d. 10x°=10-1=10

e. (10x)°=1
4 a 52=-L_-L
52 25
b. (-3)7° = L _1_ 1
(-3° 27 27
c. %:42_16
p
i} 1 3y*
d 3x6y4=3—6 y4=L6
X X
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44

L TRE 6
T4 72 49
) 5x72 5

s

®

(y7 )‘2 N %

(b% )’4 — pIH _ pl2

o,
= 3 . 5 5 . y
(_4) (x )
2
__J
16x'
533 53 15
x r X
4 4 64
A 1)) -12
2x _27x _l6x 7 16
y? - y2&) - E - 1238
337 (=3)(=5) 15
) YA T 0

(—3x0y)(—2xy* )2

= (3 )27 (<) ()
=-3.x0%.y.4.x5.8

= ]2 x6%6. 18
=—12x0y9

=-12)°

10x°y’ ’ 36 5+2)2
b. 55032 —(2x y )

B 2 B 4y14
:(Zx 3y7) A .
X
3.5\ _(3)-3) (5)(-3)
c X y _ X y
B N
4—3 x9y15 x9y15

1.6 Concept and Vocabulary Check

1. »™"; add

2. b™"; subtract

5. false

7. true

1.6 Exercise Set
1. b4 b7 — b4+7 — bll
2. b5 . b9 — b5+9 — bl4

3. x-x0=xP=x

7. 3x*2x% =6xM? =6x°
8. 5x°-3x% =15x""2 =15%°

9. (—Zylo)(—IOyz) =20y'0%2 = 202
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

(_4y8)(_8y4) =328 =32y

(5x3y4 )(20x7y8) =100x>7 y*8

=100x10y12

(4x5 yﬁ)(20x7 y4) = 802717 y0H4 = 80x'2 !0

(—3x4y0z)(—7xyz3)
_ 21x(4+1)y0+lzl+3
=21xy'z* = 21x° y2*
=45x% yz(’

507 y7

= 10x271y774 = IOxy3
5xy”

: — 9x12—1 y4—2 — 9x11y2

4xy

12,10 8
-56a b "¢ 1,10-2 8-
= _gg121p10-2 84

Tab*c*
— 84 1p8 et
9,7 6
— b
% =—11a®p%c*
a”bc

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Section 1.6 Properties of Integral Exponents

(13y)’ =1

(17y)° =1

gl

s

T

)
y

8x77y’ = SXL;
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4
44. 9x7% y4 = 9L

8
1 3
45. 5T3: 57 =125
1 5
46. 2T5=2 —32
- 4
47. (_3)_4 —(—3) =81
| 4
48. (_2)_4 (—2) =16
-2 5
Xy
49. TS__Z
y X
-3 7
Xy
50. 7—_3
y X
51 a*p’ B bl
: -3 4
c a
5 ap® _ bc?
: 2 3
c a

53, ()" = 2o - 0

54. (x3 )2 = x32) = 46

55. (b4)_3: I _ 1_

s6. (v°) " = L1

57. (7 )75 =774 =720
s8. (971) =979 g
59. (4x) = 4% = 64x°

60. (2x) =2°x" =32%°

46

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

(3x2y) -3 x(2'4)y4 _ 81x8y4
(ot = 4B a1ty
[ = (P 49,69 w0
() = ()
I S SR i
- (-3)° 27 27
3 R 5 42 2
237 =(2)7 (x7*) = =——
e =52 (e ()
— 52,768 _ Y

T T s

(7x2 =5 )‘2 72 410 ' _ '
YT VT o
(—2x_5y4zz)_ =(_2)—4 5 20,,716,,-8
20
- (_2)4 ymzs
20
- 16y16Z8
(—2x_4y5z3 )‘4 _ (_2)—4 163720712
16 16
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74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

8s.

86.

87.

2
LS
5 52 25
2
SY a0
6 6> 36
_3—)‘)4 (-3)' x* _81xt
y v v
) 2% 3
y Y y
6
Y (46) B
? - y(2-6) BENTY
6
S (56) s
F - 49 BENT)
3
S L
v e
3
Ea - A :ﬁ:xlz
2 y2) Ty
-4 (e
ﬁ _ a( 2(-4)) _ ad
v ) T b
a3 -+ ) 434 "
B )
3
X 39 6_ 1
— =X =X = —
x9 x6
6
X 6-10 -4 1
Tt T T
X X
2(5)xz =—4x*t = 4x7 = -
—JX

88.

89.

90.

91.

92,

93.

94.

95.

96.

97.

98.

99.

Section 1.6 Properties of Integral Exponents

10x56 =550 = _5x7! __2
_2x X
3
—16);0 =2x 0 =277 = %
8x X
2
15)161 =52 =57 = ig
3x X
206131[;8 —10a>'p% 13
2ab
2
=10a%b75 = “L?
b
720557711 =851l — g4
9ab
W12 2 312 9 1
0
K12 o 12 s Ls
X
(2a5)(—3a 7) = 6a5+( 7)
_ 6
=—6a%=——
a2

(—ix_“ysz_l )(—12){3 y—1Z4)

_ 3x74+(73) y5+(71)Z71+4

_ 3yts?
=3y 7y4Z3 :y_7
X

(—%x5y4zéj(—18x2 yilzq )

= xS HHED 64T

y
a1 6
=6x7y3; " = 3’
x'z
2
26x78 Z 3,2 (8) 23,248 _ 3,10
X
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100.

101.

102.

103.

104.

105.

106.

107.

108.

48

5
12x 5-(=10
0 =4x ( ) = 4X15
3x
-7
X 7 _ 1
== =—p
X X
-10 1
X 104 14
E 14

—6x8y 3
8
_ _5x*6 y8 — 5}}6
X
24)c2y13 -5 13—(—
Y
15
= —12x73y15 = ——12);
X

3;-55
—24a7h " _ ¢ 360 =5-(-4) 5-(-T)

“3q7%p7*

9 12
_ 8a’c
—ga0p 2 =%

2,28
—24a°b T 5 2-(-5)-2-(-1) 8-(-D)

—8ap '
=347

B 3a7cll

VR
ik
n w

—

0~
Il
—_—
)
[99)
A
|
wn
=
~——
S5}
I
—_—
=
o0
~——
[
1l
><.—
[o)}

109.

110.

111.

112.

113.

114.

115.

3
~154*p’ 4-10,2-(-3) )3
Savy ) ()

3
14,8
T R
a

(a0
27

_ 97,30 _ _

=-27a"b" = —a9

3a7h> 0
= ~ | =1
124%™

Recall the Zero Exponent Rule.

407 )
=1
(12613[)—5 J

-4
x—5y8 ~ x(—S)(—4)y8(—4)
3 3™
~ xzoyfsz ~ 34,20 ~ 8120
- 34 - y32 - y32

-3
x6y—7 x—18y21 ~ 8y21
2 23 - +8

]
~ 1
(10a2b6c4 )2
~ 1
102 2D p52 A42)
1
- 100a*p"? 8
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g3 -4 (2 3S) (D) -4
116. | ————| =
3a72bc? 3

-4
_ —2a7*b¢
3

B (=24 abp 2

= —3_4
3*ad

- (_2)4 2o

_ 81a®

16672c*

-2
9y (! . (D)
117. —+(— =9x"y +—

y
2
X
= 9X2y4 +—_4
y
= 9x2y4 +x2y4
= 10)c2y4

-3
7x3 x—l - x(—l)(—3)
118. —9+(—j =T7x y +W

3

=7x y9 + —x_g
y

=7x y9 +x° y9

= 8x3y9

(3x4 jl ( 2x ]3 37 RHED 313
119. | — [ e
y—4 y2 y(—4)(—1) y2~3

- 3
x4t 8x

3yt 0
8x*4+3
3 y 446

8x~!

Section 1.6 Properties of Integral Exponents

2y -2 oy 3
N
X'y Xy
2(*1)(*2) x(*z)(*z)yl(*% xl~3y73~3
x4(—2)y(—1)(—2) x—3v3y1-3
2ty By
3

52 XYy
= 4B 22 | 3(-9) =03

=412y 1212

4xl2+12 y74+(712)

— 4x24 y—16
4x24

16
y

2578y

(~4ey)

B 278y
(—4)% 3252

B 2578y
16x5y710

—5-(-10
y (-10)

T

121. (—4x3y*5y2(2x*8y*5)=

122. (—4x*4y5y2(—2x5y*6)=

o 2x5y7
)
_W

x13

8y

16
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123.

(2075 )71 (4x)

3

124.

() (2]

()

(2] (0] ()

x2-5y1-5
(2x2 y4)(43 x1'3y3'3)(x3'4y2'4)
xlOyS
(2x2y4)(64x3y9)(x12y8)
xlOyS
xlOyS
128x17y21
1 1

128)(17710y2175 - 128x7y16

3% )_1 (24 y)_2

(02)" ()

(o)

(337) (29) ()
x1-5y2-5

(3x3y2 )(22 xz-zyz )(x2'3y3'3)

510
XYy

(3757)(45%57) (+*5°)

510
XY

12x3+4+6 y2+2+9

125. a.

50

10 1 1

1257y T Y10 = 1255y
A=1000-2" =1000-2° =1000-1 = 1000
The present aphid population is 1000.

A=1000-2" =1000-2* =1000-16 = 16,000
In four weeks the aphid population will be
16,000.

A=1000-2" =1000-273

=1000-i3=1000'l=125
2 8

Three weeks ago the aphid population was 125.

126.

127.

128.

129.

. A=1000-2" =1000-2° =1000-1= 1000

The present aphid population is 1000.

. A=1000-2" =1000-2* =1000-8 = 8,000

In three weeks the aphid population will be
8000.

A=1000-2" =1000-272

=1000-i2=1000'l=250
2 4

Two weeks ago the aphid population was 250.

25 25
N: — = 2
1424277 1+424-2
S B
1+24-1 25
One person started the rumor.

2 2
1424277 1+424-2
25 25 25 —g—m
l+ﬁ 1+§ 1+15 25

24 16

After 4 minutes, 10 people in the class had heard
the rumor.

25 25
N = =
1+424-27" 1+24.27°
B _B5_
1+24-1 25
One person started the rumor.
2 2
N= 5 _ 5 -
1424277 1+424-2
25 25 25 25
Y R Y - =18
1425 1422 1+0.375 1.375
26 64

After 6 minutes, about 18 people in the class had
heard the rumor.

. At time zero, one person started the rumor. This

is represented by the point (0,1).

. After 4 minutes, 10 people in the class had heard

the rumor. This is represented by the point
(4,10).

Copyright © 2017 Pearson Education, Inc.



130.

131.
132.
133.

134.

135.

136.

a. At time zero, one person started the rumor. This
is represented by the point (0,1).

b. After 6 minutes, about 18 people in the class had
heard the rumor. This is represented by the point
(6,18).

Statement d best describes the graph.
25 people in the class eventually heard the rumor.
Ifn=1,
3(277)+4
10
3(2"7)+4
10
3(27)+4
10

1
3| —|+4
_ (2) _15+4 55

R 1010
Mercury is 0.55 astronomical units from the sun.

d:

0.55

Ifn=2,
d_3@“ﬁ+4_3@%ﬂ+4:3@ﬂ+4
10 10 10
s)s_3ea_1
10 10 10

Venus is 0.7 astronomical units from the Sun.

Ifn=>5,
d:3@*ﬁ+4:3@*ﬂ+4:3@ﬂ+4
10 10 10
_3@)+4_24+4_3§_28
1 10 10

Jupiter is 2.8 astronomical units from the Sun. Thus,
Jupiter is 1.8 astronomical units farther from the
Sun than Earth.

Ifn=17,
3(2"‘2)4-4 3(27‘2)4-4 3(25)4-4
10 1010
:3@n+4:%+4zgyzm
10 10 10

Uranus is 10 astronomical units from the Sun. Thus,
Uranus is 9 astronomical units farther from the Sun
than Earth.

137.-145. Answers will vary.

146.
147.
148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

Section 1.6 Properties of Integral Exponents

makes sense
makes sense

does not make sense; Explanations will vary.
Sample explanation: 25(x*)° = 25x*7, not25x'%.

does not make sense; Explanations will vary.
Sample explanation: b’ =1, so Z—O = aT =a".
false; Changes to make the statement true will vary.
A sample change is: 2% -2% = 2%** = 2°

false; Changes to make the statement true will vary.
A sample change is: 5°-5% =52 = 5%

false; Changes to make the statement true will vary.
A sample change is: 6> =(2-30°=2.3

false; Changes to make the statement true will vary.
1 1

A sample change is: =—=—— but
P £ (-2 -8 8
1 1

23 =" =2,
2 8

false; Changes to make the statement true will vary.
8

A sample change is: 22T3 =280 =l 'not 25,

false; Changes to make the statement true will vary.

A sample change is: 2% +2° =16+32 =148, but
2% =512.

true

true

xn—l . x3n+4 — xn—1+3n+4 — x4n+3

_ -3 _ -3
(X 4n _xn) Z(X 4n+n)

()

— (B33 on

-2
3—n
X ——(6—11) ~— —— _
[ 6_n] =(x3n(6 n))2=(x3n6+n)2

X

— ()2 =x®
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161.

162.

163.

164.

165.

166.

52

n 3n+l
(xn y(3n+l) n )

— xny2n+1)
x y(2n+l)%
— x3ny6n+3
x| (%)
-3 | (37)
-2 | (2-5)
-1 | (-10)
0| (0.-1)
1 (L1)
2 (2,3)
3 (3,5)
y=2x-—-1y
101 (2,3)
0,-1 #G.5)
(_(1Z —3; T A,
(=2, —5) T3 5 x
(=3, =D
//
Ax+By=C
By=C-Ax
C - Ax
y =

B
Let w = the width of the playing field.

Let 2w — 5 = the length of the playing field.

P =2(length) + 2(width)
230 = 2(2w—5)+ 2w
230=4w—-10+2w
230=6w—-10
240 = 6w

40=w

Find the length. 2w—-5=2(40)-5=80-5=75

The playing field is 40 meters by 75 meters.

It moves the decimal point 3 places to the right.

It moves the decimal point 2 places to the left.

167. a.

10° x10™* =10°~* =10’ = 100,000

4
b. 11(?*2- =10* x10* =10*? =10° =1,000,000

1.7 Check Points

1.

a. Move the decimal point 7 places to the right.
-2.6x10° = -2,600,000,000

b. Move the decimal point 6 places to the left.
3.017x107° = 0.000003017

a. The decimal point must be moved 9 places to the
left to get a number whose absolute value is
between 1 and 10. Thus the exponent on 10 is 9.

5,210,000,000 = 5.21x 10°

b. The decimal point must be moved 8 places to the
right to get a number whose absolute value is
between 1 and 10. Thus the exponent on 10 is —
8.

-0.00000006893 = —6.893x 10~*
18 million = 18,000,000 =1.8x10’

a. (7.1x10°)(5x1077) = (7.1x5)x(10° x107)
=355%1072 =3.55x10""

b 1.2x106_(£jx 10°
“ax10? U3 )7 (107
=04x10Y =04x10° =4 x10°
2.42x10" _(2.42)>< 10"
3.12x10° \3.12) { 10°
=0.7756x10'*"®

=0.7756 x10* = 7756
The per capita tax was about $7756 in 2011.

d=rt

d = (1.55x10%)(20,000)
d =(1.55%10*)(2x10*)
d =(1.55%2)x(10* x10%)

d=3.1x10
The distance from Venus to Mercury is 3.1x 107,
or 31 million miles.
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1.7 Concept and Vocabulary Check

1. a number greater than or equal to 1 and less than

2.

3.

10; integer
true

false

1.7 Exercise Set

1.

2.

3.

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

3.8x10% =380

9.2x10% =920

6x107* = 0.0006

7x107° = 0.00007

—7.16x10° = =7,160,000

-8.17x10° = —8,170,000

14x10° =1.4x1=14

24x10° =24x1=24

7.9%107" =0.79

6.8x107" = 0.68

—4.15%x107 = -0.00415

-3.14x107° = -0.00314

—6.00001x 10" = —60,000,100,000
~7.00001x 10" = —70,000,100,000
32,000 = 3.2 x10*

64,000 = 6.4 x 10*

638,000,000, 000,000,000 = 6.38 x 10"
579,000,000,000,000,000 = 5.79 x 10"’
317 = -3.17 x10*

326 = -3.26x10?

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Section 1.7 Scientific Notation

-5716 = -5.716 X 10°
3829 = -3.829 x 10°
0.0027 =2.7x107°

0.0083=8.3x10"°

—0.00000000504 = —5.04 x 107
~0.00000000405 = —4.05x 10~
0.007 =7x107°
0.005=5x10""

3.14159 = 3.14159 x 10°

2.71828 =2.71828 x10°

(3x10*)(2.1x10%) = (3x2.1)(10* x10°
=6.3x10*"
=6.3x10’

(2><104)(4.1><103) =8.2x10’

(16x10)(4x107"") = (16 x4) 10 x107")

=6.4 %1010
=6.4x10*

(1.4><1015)(3><10*“) = 42x10*

(6.1x10)(2x107) = (6.1x2) (10 x107*)
=122x1078 %
=122x107"2
=1.22x10™"

(5.1 x 10‘8)(3 x 10‘4) =153x107"2
=1.53%x107!
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37. (4.3x10%)(6:2x10*) 480,000,000,000 _ 4.8x10'!

47.

0.00012  12x107*
= (43x6.2)(10° x10*) izx 1?0“
8+4 =——X—0"
=26.66x10" =4x10""
=2.666x10" = 2.67x10" =4x10"
38 (82x10%)(4.6x10*) 45, 282:000,000,000 _ 2.82x10"
. = -3
= 3772 X105 =37.72x10" o e
=2X -
=3.772x10" = 3.77x10" %10

8.4x10° 84 10°

39. =2 — 7.2x107)(3%x107°
4x100 410 . 0.00072x0.003 _ )(_4 )
=2.1x10°° =2.1x10° 0.00024 2.4x10
72x3 107107
6.9x10° 4 T 00
40. ———=23x10°7 =2.3x10’ *
3x10 =9x%x10"
4 4 . 5
g, 221036, 10 s 66000x0.001 _ (6:6x10")(1x107)
9x10 ’ 12(2) " 0.003x0.002 (3><10‘3)(2><10‘3)
=0.4x10*C
6.6 x10'
- 6 _ 5 _
=0.4x10° =4x10 10
4 =1.1x10"9
* 122><>;(1)(‘)2 —0.6x107? = 0.6x10° =1.1x10’
— -1 6 _ 5
=(6x107)x10" = 610 51 (2x107)x=12x10°
9
43, A8x107 48 107 L Lla2x10
" 2ax100 24 10° 2x10°°
24x10° 24 10 .
=2x1077°=2x10"° L2 105
2107
B _ 9—(-5)
44. %=3X107276=3X1078 =0.6x10
2.5%10 —06x10
_ 13
45, 2AX107 24 107 =6x10
. ——6 = a3
4Bx107 48 102(6) 52. (3x107)x=12x10*
=0.5%x10727¢
4
=0.5x10* =5x10° ‘= 132 T;g
X
N 1210
a6. 12107 _ 455107200 = x—
5x107 310
=0.5%x10* =5x10’ —04x10+D

=0.4x10°=4x10°
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X
2x10°8
x=(2x10%)(-3.1x107°
(2x10°)( )

53. =-3.1x107

[2-(=3.0]%(10°-107%)
=-62%x10% =—6.2x%x10°

X

54, ———=-29x 107
5%10

x= (5><10“)(—2.9><10*3)

[52.9)]x (10" -107)
-14.5%x10"
-14.5%x10% = -1.45x10°

55. x—(7.2 x 1013) =9.1x10'®
x= (9.1 x 10‘8)+(7.2>< 1018)

=(9.1+7.2)x10"®
=16.3x10'"®
=1.63x10"

56. x—(53x107°)=8.4x107"
x=(84x107%)+(5.3x107"°)
=(8.4+5.3)x107'

=13.7x107'®
=137x107"

57. (—1.2 x 10‘3)x = (1.8 x 10*‘)(2.4 x 106)

(1.8><10’4)(2.4><106)
-1.2x107°
1.8-2.4 107*-10°
= X
-12 1073
=1.8(=2)x 107+
=-3.6x10°

X =

58.

59.

60.

61.

62.

63.

64.

Section 1.7 Scientific Notation

(-7.8x 10*4)x = (3.9 x 10’7)(6.8 x 105)

(3.9% 10‘7)(6.8x 105)

-7.8x107
3.9-6.8 107-10°
= X
-7.8 107
_ 6.8 %1077+

X =

=-34x%x10°

78.1 billion = 78,100,000,000 = 7.8 x 10"°
Bill Gates is worth $7.81x10'.

70.7 billion = 70,700,000,000 = 70.7 x 10'°
Warren Buffett is worth $70.7 x 10'°.

52.6x10° —41.9x10° = (52.6-41.9) x10°
=10.7x10°

=1.07x10"
Larry Ellison’s worth exceeds Charles Koch’s

worth by $1.07 x10'°.

41.9%x10° +41.9x10° = (41.9+41.9) x 10’
=83.8x10°

=8.38x10"
The Koch brothers combined worth is $8.38 x 10'°,

20 billion = 20 x10° =2 x10"°
2x10° _2 10"

3%108 3 108
~0.67x10'%8

=0.67x10°

=67
The average American consumes about 67 hotdogs
each year.

6x10°

3x10°
Approximately 2 Big Macs per person would be
consumed by each American in a year.

=2x108% =2x10° =2x1=2
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65. 8 billion = 8x10°
8x10° 8 10°

_ =X —
32x107 32 10’
=25x%x10""

=2.5x10% =250

2.5%10% =250 chickens are raised for food each
second in the U.S.

66. 127x3.2x107 =406.4x10" = 4.064 %10’
4.064 x10° chickens are eaten per year in the U.S.

9
67. a. 22X10 _10813%10°

48x10°
=$1.0813%x10*
=$10,813

b. $10.813 = $901
12

9
68. a. 210 1 o84x10°

25.7x10°
=$1284

b 3284 ¢107
12

198x10°

53.4%10°
=$3708

9
Medicare: 2210 _ 6 950 10?

42.3%10°
= $6950

Medicare provides a greater per person benefit by
$3242.

69. Medicaid: ~3.708x10°

6
70. T2x10° 1.97%x107% = 0.0197 = 0.02

3.66x10°
The U.S. paid Russia approximately $0.02 per acre.

71. 20, 000(5.3><10*23)
- (2><104)(5.3><10‘23)
= (2:5.3)x(10*107)
=10.6x10*2¥

=10.6x107"°

=1.06x107"*
The mass of 20,000 oxygen molecules is

1.06x107'8 grams.

72. 80, 000(1.67 x 10‘24)
= (8 x 104)(1.67 x 10*24)= 1336 x 102

=(1.336x10)x10° =1.336 x 107"
The mass of 80,000 hydrogen atoms is
1.336 107" grams.

365 days 24 hours
1 year 1 day
= 8760 hours/year

=8.76x10° hours/year

73.

8.76 x 10° hours 60 minutes
1 year 1 hour

=525.6x10° minutes/year
=5.256x10° minutes/year

5.256 x10° minutes _ 60 seconds
1 year 1 minute

=315.36 %10 seconds/year
=3.1536x10" seconds/year

There are 3.1536 x10" seconds in a year.
74. - 80. Answers will vary.

81. does not make sense; Explanations will vary.
Sample explanation: That would be less than $1 per
person.

82. makes sense

83. makes sense
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84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

does not make sense; Explanations will vary.
Sample explanation: 58 million

=58,000,000 = 5.8 x10". 58 millionths

=0.000058 = 5.8 x107>. 7 and -5 do not have the
same absolute value.

false; Changes to make the statement true will vary.
A sample change is: 534.7 = 5.347 x 10%, not
5.347 x10°.

false; Changes to make the statement true will vary.
A sample change is:

8x 10
4%x107

= 2x10° 9 Z2%10% . not 2x10%.

false; Changes to make the statement true will vary.
A sample change is:

(7 x10° ) + (2 x 10‘3) =700,000 +0.002
=700,000.002, not 9x10? = 900.

true

true

5.6x10" +3.1x10" = (5.6 +3.1) x10"
=8.7x10"

82x107 +43%x107'6
=(8.2+4.3)x107'°
=125x107"° =1.25%107"

T0bts 60pifi 24§ 365dags
wit 9§ A

=70-60-24-365-80 beats

= 2943360000 beats

=2.94336x10° beats

~2.94x10° beats

The heart beats approximately 2.94 x 10° times
over a lifetime of 80 years.

80 w18

Answers will vary.

9.

95.

96.

97.

98.

99.

Chapter 1 Review Exercises

9(10x —4) - (5x—10) = 90x - 36— 5x +10
=90x—5x—-36+10
=85x—-26

4x—1_5x+2_
10 4

20 4x—1):20 5x+2_4
10 4

2(4x-1)=5(5x+2)-80
8x—-2=25x+10-80

4

8x—2=25x-70
-2=17x-70
68=17x
4=x
(e =82 () ()
—g2 x—sys _ )’6

In set 1, each x-coordinate is paired with one and
only one y-coordinate.

PP —=2r* +5
=(-5)° -2(=5+5
=-125-2(25)+5
=-125-50+5
=-170

S5x+7=5a+h)+7
=5a+5h+7

Chapter 1 Review

1.

2.

b

2x—-10
4+6x=6x+4

1

—+—x

x 2

x* = 7x+4=(10)° -7(10)+4
=100-70+4
=34
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5. 6+2(x-8) =6+2(11-8)’ 23. -6.8+24=-44
=6+2(3)° 24, -7-(-20)=-7+20=13
=60

25. (-3)(~20) =60
6. < —(x-y)=(2)'-(2-1)=15

3 1 3.1
26, ———|—— =—=+—
7. {1,2} 5 ( 2} 5 2
8. (-3,-2,-1,0,1} __32.15
52 25
9. false; Zero is not a natural number. __6 N S
. . 10 10
10. true; -2 is a rational number. 1
i S
11. true; 5 is not an irrational number.
27 (E)(_ij __6_.3
12. Negative five is less than two. True. "7 10 70 35
13. Negative seven is greater than or equal to negative 28. 4(_3) (_2)(_10) - _12(_2) (_10)
three. False.
=-240
14. Negative seven is less than or equal to negative
seven. True. 29. (—2)4 =16
15. S=4x>+0.7x+5 30, 25 =30
S=4(6)"+0.7(6)+5
2 8 25 5
=153.2 31, - Z+—-=—Z2. 2=
The model overestimates the actual value by 3.2 35 38 12
million. 35
32, —=7
16. {x]-2<x<3} -5
] —— 54.6
-5-4-3-2-1 0 1 2 4 s 33 _—6=—9.1
17. {x]-1.5<x<2} 34. x=-7
o e ~1(x)=-1(-7)
-5-4-3-2-1 0 1 2 3 4 5 =7
18, {xly>-1} 35. —11-[~17+(-3)]=-11-[-20] =9
—5-4-3-2-1 0 1 2 3 4 5 " |
36. (——) 2t =——-16=-2
19. |-9.7]=9.7 2 8
20. [5.003] = 5.003 37. 3[4-(6-8)]=-3[4-(-2)]
= —3[6] =-18
21. [0]=0

22, 24+(-52)=-76
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Chapter 1 Review Exercises

38. 82-36+3%-4-(-7) 50. x ()
=64-36+9-4+7 -3 (-3.-8)
=64-4-4+7=64-16+7 -2 (-2,-6)
=48+7=55 -1 (-1,-4)

3 (-2)" +(-3)° __16+9 25 _, 0 (0-2)

CU22 (1) 4-(21) 25 1 (1,0)
2 2
3 2 3
40. (7—9) —(_4) =(—2) _16=—8—16 3 (3’4)
2+2(8)+4 2+16+4  2+4
= y=2-2y
= - 1
3,4),
(0, -2)~ 2,2
41. 4-(3-8)° +3+6-4> =4—(-5) +3+6-16 (-1, -4 lkifaiz;x
=4-25+3+6-16 (=2, -0 = T
+1 (=3,-8)=
=4-25+—-16
2
=4-25+8=-13
51. N (x,y)
42. 5(2x-3)+7x=10x-15+7x 3 (-3.6)
=17x-15
-2 (-2.1)
43. Sx+7x% —4x+2xr =x+9x* =9x% +x -1 (—1,—2)
0 —_
44. 3(4y-5)—-(Ty+2)=12y-15-T7y-2 (0.3)
=5y-17 : (1-2)
2 (21)
45. 8-2[3-(5x—1)]=8-2[3-5x+1] 3 (3.6)
=8-6+10x-2=10
o ) y=T2|T3 ¥ 1]
o
46. 6(2x-3)-5(3x-2)=12x-18-15x+10 (_ZT’P) : (ﬂ’?)
=-3x-8 N J
—2,1)) 2, 1)
47.-49. y (II,II’ 7?\)\
[T RSP IR AL
(-1,3 LAV 72
. 0,-3)
51 x
(2, =5)
:ﬁOF—6 T
LIITTTT
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Chapter 1 Algebra, Mathematical Models, and Problem Solving

52, x (x, y) 54. The minimum x-value is =20 and the maximum x-
value is 40. The distance between tick marks is 10.
-3 (_3’ _3) The minimum y-value is —5 and the maximum y-
. 9y _ value is 5. The distance between tick marks is 1.
2 | (29
-1 (—1,—1) NORHAL FLOAT AUTO REAL RADIAN MP
0 (0,0)
1 (1.1)
2 (2.2)
3 (3.3)
y=xy
51—
3,3) 55. 20% of 75-year-old Americans have Alzheimer’s.
(0, ), D (2:2)
(=2, 7.2)(: :9) ).; " ’ 56. Age 85 represents a 50% prevalence.
=3,-3) -1,-1 57. Answers will vary.
(=3 Hi , y
I |
| [TTT11
58. Graph c illustrates the description.
59, 2x-5=7
53. X ( X, y) 2x=12
=6
_ 3,1 X
3 ( ) The solution set is {6}.
-2 | (=20
60. 5x+20=3x
-1 | (=1-0)
2x+20=0
0 | (0-2) 2x=-20
1 (- x=-10
2 (2’ 0) The solution set is {—10}.
3| () 61. 7(x—4)=x+2
y=lx|-2y Tx-28=x+2
i 3,1 6x—-28=2
( y )‘T-\ i (2’ 0) 6x =130
(=2,0) =21 5y x=5
et (0, =2y L=D The solution set is {5}.
T
NN

62. 1-2(6-x)=3x+2
1-12+2x=3x+2
—11+2x=3x+2
—11=x+2

—-13=x
The solution set is {—13}.
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Chapter 1 Review Exercises

63. 2(x—4)+3(x+5)=2x-2 68 X_,, X3
2x—8+3x+15=2x-2 4
S5x+7=2x-2 12(ﬁj:12(2+x_3)
3x+7=-2 4 3
3y =-9 3x=24+4(x—3)
x=-3 3x=24+4x-12
The solution set is {-3}. 3x=12+4x
—x=12
64. 2x—4(5x+1)=3x+17 =12
2x=20x-4=3x+17 The solution set is {—12}.
—18x—-4=3x+17
—4=21x+17 69. el 13 _1-x
21=21 3 2 4
- 3+l 13 1-x
—“1=x 12 3 2 =12 2
The solution set is {—1}.
4(3x+1)-6(13)=3(1-x)
65. X_X. 12x+4-78=3-3x
36 12x-74=3-3x
6 25 |=6[ X1 15x-74=3
3 6
4 6 15x =77
x=x+ x_ﬂ
3x=6 15
x=2 77
The solution set is {2}. The solution set is {E}
66 x_ 1_x.1
° 2 10_5 2 70. 7.x+5=5(x+3)+2.x
Tx+5=5x+15+2x
o[ 2oL )oo[£4L
2 10 5 2 Tx+5=T7x+15
Sx—-1=2x+5 5=15
3x—1=5 There is no solution. The solution set is &. The
equation is inconsistent.
3x=6
x=2 71. 7x+13=4x-10+3x+23
The solution set is {2}. Tx+13=7x+13
The solution set is (—oo,oo). The equation is an
67 2~ identit
3 4 identity.
12(3}12(6_1) 72. 7x+13=3x-10+2x+23
3 4 Tx+13=5x-10+23
8x=72-3x Tx+13=5x+13
11x=72 2x+13=13
x:2 2x=0
11 =0
The solution set is {2} _ The solution set is {0}. The equation is conditional.
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73.

74.

75.

76.

62

4(x-3)+5=x+5(x-2)
4x-12+5=x+5x-10

4x—-T7=6x-10
—2x-7=-10
—2x=-3

-3 3

X=—=—

-2 2

The solution set is {i} . The equation is conditional.

(2x—3)2—3(x+1)=(x—2)4—3(x+5)
dx—6-3x—3=4x—-8-3x-15
x—9=x-23

-9=-23
There is no solution. The solution set is &. The
equation is inconsistent.

a. M =-04x+48
M =-0.4(20)+48

=40
According to the model, there were 40% of
married filers in 2005. This underestimates the
actual value shown in the graph by 1%.

b. M =-04x+48

34 =-0.4x+48
—-14=-0.4x
35=x

According to the model, 34% of federal tax
returns will be submitted by married filers
35 years after 1985, or in 2020.

Let x = the average yearly earnings, in thousands,
of marketing majors.

Let x+19 = the average yearly earnings, in
thousands, of engineering majors.

Let x+ 6= the average yearly earnings, in
thousands, of accounting majors.
x+(x+19)+(x+6)=196

xX+x+19+x+6=196

3x+25=196

3x=171
x=57
x+19=76
xX+6=063

The average yearly earnings for marketing majors,
engineering majors, and accounting majors were
$57 thousand, $76 thousand, and $63 thousand,
respectively.

77.

78.

79.

80.

Let x = the measure of the second angle.
x+10 = the measure of the first angle.

Z[x + (x+ 10)} = the measure of the 3" angle.
x+(x+10)+2[ x+(x+10)] =180
x+x+10+2x+2x+20=180

6x+30=180
6x =150
x=25

x+10=25+10=35

2[x+(x+10)]=2[25+35]
=2(60)=120

The angles measure 25°, 35°, and 120°

a. Let x = the number of years after 2004.
575+43x=1177

43x = 602
x=14
The system’s income will be $1177 billion 14
years after 2004, or 2018.

b. 2018 is 14 years after 2004.
B =0.07x> +47.4x+500

=0.07(14)* +47.4(14) + 500

=1177
The amount paid in benefits for 2018 will be
$1177 billion.

c. In 2018 the $1177 billion paid in benefits is
represented by the point (2018,1177) .

Let x = the number of GB used.
Plan A: C=52+18x

Plan B: C=32+22x

Set the costs equal to each other.
52+18x=32+22x

52=32+4x
20=4x
5=x

The cost will be the same for 5 GB.

Let x = the original price of the phone.
48 = x—-0.20x

48 =0.80x

60 = x
The original price is $60.
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81. Let x = the amount sold to earn $800 in one week.
800 =300+ 0.05x

500 =0.05x
10,000 = x
Sales must be $10,000 in one week to earn $800.

82. Let w = the width of the playing field.
Let 3w — 6 = the length of the playing field.

P =2(length) +2(width)
340 = 2(3w— 6) +2w
340=6w—12+2w
340 =8w—12
352 =8w
44 = w
The dimensions are 44 yards by 126 yards.

83. a. Letx = the number of years (after 2015).
College A’s enrollment: 14,100+ 1500x

College B’s enrollment: 41,700 —800x
14,100 + 1500x = 41,700 — 800x

b. Check points to determine that

y; =14,100+1500x and y, = 41,700 -800x .

Since y, = y, =32,100 when x =12, the two

colleges will have the same enrollment in the
year 2015+12 =2027 . That year the
enrollments will be 32,100 students.

84. V= lBh
3
3V =Bh

p="

or

_ y—yl+mx1
X=—
m

86. E=I(R+r)
£=R+r
1

E-1Ir
1

R:£—r or R=
I

87.

88.

89.

90.

91.

92,

93.

94.

95.

96.

97.

98.

Chapter 1 Review Exercises

9

r F=—C+32
5

C= 5F -160
9
9C =5F -160
9C +160 =5F
Fe 9C +160 o
s =vi+gt’
s—vt =gt
_s—vt
2
T =gr+gvt
T = g(r+vt)
T
g:
r+vt
(—3x7)(—5x6) =15x"% =15x"

_ X
xzy 5 _ =
y
3—2 x4 x4y7 ~ x4
y—7 32 9

(-3x*) (4x7M") = 1227 = 2

8,5 — _

7
X

8
a

7
:2); = 3573 Z 3,10
=
5,6
;;0?3:11 _ —?lasf(fs)befu
a
-1
=—ua
2
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2°

63



Chapter 1 Algebra, Mathematical Models, and Problem Solving

99, (—3xy4)(2x2 )3 = (-3x*)(8x°)

100. 27 +lx° =—
2

2 a3 _[5x 3 ! ’ y"?
o1 (57y7) " = ) T 52 ) 1258

102.

[\%)

(3x4y—2)(_2xsy—3){%}(ﬁ}

y y
3y 2 3=y 2
103, | 22| -
S5x7y 5

3ty 2
| s
32x42 72 9x8 14

y© %y
52 25

-20x%y’ - 2-5 3-(=6)\
o, (205007 s )

10x° y_6 ,
-(2x7v)
— (_2)*3 x(*7)(*3)y9(*3)
ley—27
)
~ 2 K2
- —8y27 8y27

105. 7.16x10° = 7,160,000

106. 1.07x10™* =0.000107

107. —41,000,000,000,000 = —4.1x 10"
108. 0.00809 =8.09x107

109. (42x 1013)(3 x10°0)=12.6x 10"

=12.6x10’
=1.26x10°

62

y

5

110.

111.

5%x107°
20x1078
=0.25x10* =2.5x10"

=0.25%x1070®

180(3.2><104)(5><106)
= (180x3.2x5)x(10* x10°)
=2880x10"

=2.880%10° x10'°

=2.88x10"
The approximate number of red blood cells in the

human body of a 180-pound person is 2.88 x 10",

Chapter 1 Test

1.

2.

\o

4x -5

8+2(x-7)" =8+2(10-7)*
=8+2(3)"
=8+2(81)
=8+162
=170

(—4,-3,-2,-1)

1.
true; Z is not a natural number.

Negative three is greater than negative one: false

{x|—3§ x < 2}

[

i [ T T
T 1

—5—4—3—&—1 01 2 3 45
G =-82x* +410x + 7079

P =-82(6) +410(6)+7079

= 6587
The model estimates the aid per student in 2011 was
$6587. This underestimates the actual number
shown in the bar graph by $13.

|-17.9|=17.9
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

-10.8+3.2=-7.6

24-36+4-3=24-9.3=24-27=-3

(5 —2*)+[9+(-3)]= (25-16)+[-3]

=(9)+[-3]=6

(8-10)°~(~4)°

()16

2+8(2)+4

T 2+416+4

_—8-16 24

2+4

6

=4

Tx-4(3x+2)-10=7x—12x-8-10

=-5x-18

5(2y—6)—(4y—3)=10y—30—4y+3

=6y—-27

9x—[10-4(2x-3)]
=9x—[10—8x+12]
=9x-10+8x—12=17x-22

22. x (x.y)
-3 (-3.5)
2 | (20
1| (1)
0 (0,—4)
! (1L-3)
2 1 (20
S 6)
y=x'-4y
[T [ 11
(-3,5) 3,5
A [+
(=2,0% 1 J2.0)
I J | = X
TN JI 119
(-1,-3) 1,-3)
[ITTT [T 111
y _4)

23. 3(2x-4)=9-3(x+1)
6x—-12=9-3x-3
6x—12=6-3x
9x-12=6

9x =18
x=2
The solution set is {2}.
2x-3 x—-4 x+1
4 2 4
4(2x—3):4(x—4_x+1)
4 2 4
2x—3=2(x—4)—(x+1)
2x—3=2x—-8-x—-1

24,

2x—-3=x-9
x—3=-9
x=-6

The solution set is {-6}.

25. 3(x—4)+x=2(6+2x)
3x-124+x=12+4x
4x—-12=12+4x
-12=12

Chapter 1 Test

There is no solution. The solution setis { } or &.

The equation is inconsistent.
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26. Let x = the first number. 32. Ax+By=C
Let 2x + 3 = the second number. By=C- Ax
x+2x+3=72

3x+3=72 y=
3x =69

x=23 5 1 5+(-10) s 14
33. (2 7 =-14 =—14x77 = ——
Find the second number. ( * )( * ) * * JE
2x+3=2(23)+3=46+3=49
The first number is 23 and the second number is 49. 34. (—SX_S y_3)(—5x2 y_S) = 40x 2y 3D

=40xy®

C—-Ax
B

27. Let x = the number of years since the car was

purchased. 40

=3
Value = $13,805-$1820x Xy

4705 =13,805-1820x 43
—10x" y l 42 36_1 6 3_ x

9100 = ~1820 35, vy 1 vo Lo X
s ’ Tq0x 2y 4t Tt TR
=x

The car will have a value of $4705 in 5 years.

s 53 x -3 e 3 ME
28. Let x = the number of bridge crossings. 36. (4x y ) = 5 = 4y° = 641
Without discount pass: 8x
With discount pass: 45+ 5x

3x=45 257y

x=15 :(378 5)
=(-

( 3x—53 1(4))

The cost will be the same for 15 bridge crossings.
x8E2) 5( -2)

29. Let x = the original selling price. )
20 = x—0.60x Xy
20 = 0.40x (-3)
50=x X

The original price is $50.

30. Let x = the width of the playing field.
Let x + 260 = the length of the playing field. 38. 3.8x107° =0.0000038

P =2(length) +2(width)
1000 = 2(x +260) + 2x

1000 =2x+520+2x 4><107

1000 = 4x +520 0. 07

480 = 4x
x =120 41. 2(6.9><10")=13.8><10" =1.38x10%

The dimensions of the playing field are 120 yards
by 380 yards.

39.  407,000,000,000 = 4.07 x 10"

=0.5x107D =0.5x10* =5%10°

The population will be 1.38 x10'°.

31. V= llwh
3

3V =lwh
v

h=—
Iw
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Chapter 2

Functions and Linear Functions

2.1 Check Points

1. The domain is the set of all first components. The 4.

domain is {0, 10, 20, 30, 40}.
The range is the set of all second components. The
range is {9.1, 6.7, 10.7, 13.2, 21.2}.

2. a.

The relation is not a function because an
element, 5, in the domain corresponds to two
elements in the range.

The relation is a function.
f(x)=4x+5

f(6)=4(6)+5
£(6) =29

g(x)= 3x2 -10
8(-5)=3(-5"-10
8(=5)=65

h(r)=r>=Tr+2
h(-4) = (=4)* —=7(-4) +2
h(-4) = 46

F(x)=6x+9
Fla+h)=6(a+h)+9
Fla+h)=6a+6h+9

. Every element in the domain corresponds to

exactly one element in the range.

The domain is {0, 1, 2, 3, 4}.
The range is {3, 0, 1, 2}.

g)=0
g(3)=2
x=0 and x=4.

2.1 Concept and Vocabulary Check

1. relation; domain; range

2. function

2.1 Exercise Set

1.

The relation is a function.
The domain is {1, 3, 5}.
The range is {2, 4, 5}.

The relation is a function.
The domain is {4,6,8}.
The range is {5,7,8}.

The relation is not a function.
The domain is {3, 4}.
The range is {4, 5}.

The relation is not a function.
The domain is {5, 6}.
The range is {6, 7}.

The relation is a function.

The domain is {-3, -2, -1, 0}.
The range is {-3, -2, -1, 0}.
The relation is a function.

The domain is {-7, -5, -3, 0}.
The range is {-7, -5, -3, 0}.

The relation is not a function.
The domain is {1}.

The range is {4, 5, 6}.

The relation is a function.
The domain is {4, 5, 6}.

The range is {1}.

a. f(0)=0+1=1

b. f(5)=5+1=6

c. f(-8)=-8+1=-7

d. f(Qa)=2a+1

e. fa+2)=(a+2)+1
=a+2+1=a+3
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10. f(x)=x+3 d. h(-3)=3(-3) +5=3(9)+5
a. f(0)=0+3=3 =27+5=32
b. f(5=5+3=8 e. h(4b)=3(4b)" +5=3(16b")+5
=48b* +5

¢ f(-8)=-8+3=-5

— 142 _
d. f(2a)=2a+3 14. h(x)=2x" -4

e. fla+2)=(a+2)+3 a. h(0)=2(0)"-4=2(0)-4
=a+2+3=a+5 =0-4=-4
11. a. g(0)=3(0)-2=0-2=-2 b. h(-1)=2(-1)" -4=2(1)-4
=2-4=-2
b. g(-5)=3(-5)-2
=-15-2=-17 c. h(5)=2(5) —4=2(25)-4
=504 =46
. g(gj=3(gj—2=2—2=0
3 3 d. h(-3)=2(-3)" -4=2(9)-4
=18-4=14

d. g(4b)=3(4b)-2=12b-2

e. g(b+4)=3(b+4)-2 e. h(5b)=2(5b)" —4=2(25b")-4

=3b+12-2=3b+10 =506> -4

12. g(x)=4x-3 15. a. £(0)=2(0)* +3(0)-1

=0+0-1=-1
a. g(0)=4(0)-3=0-3=-3 ’

b. f(3)=2(3) +3(3)-1

b. g(-5)=4(-5)-3=-20-3=-23 _2(9)+9-1
=18+9-1=26
c. 4%):4(%)—3:3—3:0
c. f(—4)=2(-4)’ +3(-4)-1
d. g(5b)=4(5b)-3=20b-3 =2(16)-12-1
=32-12-1=19
e. g(b+5)=4(b+5)-3
=4b+20-3=4b+17 d. f(b)=2(b) +3(b)-1
=2b" +3b-1
13. a. h(0)=3(0)* +5=3(0)+5
=0+5=5 e. f(5a)=2(5a)" +3(5a)-1
_ 2
b. h(-1)=3(-1)* +5=3(1)+5 =2(250%)+15a -1
=3+5=38 =50a” +15a -1

c. h(4)=3(4) +5=3(16)+5
=48+5=53
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16. f(x)=3x"+4x-2

a. f£(0)=3(0)" +4(0)-2
=3(0)+0-2
=0+0-2=-2

b. £(3)=3(3) +4(3)-2
=3(9)+12-2
=27+12-2=37

c. f(=5)=3(-5) +4(-5)-2
=3(25)-20-2
=75-20-2=53

d. f(b)=3(b) +4(b)-2
=3p* +4b-2

e. f(5a)=3(5a)" +4(5a)-2
- 3(25a2)+20a—2
=75a%> +20a -2

17. a. f(0)=(-0)>—(0)> - (0)+7
=7

b. f(2)=(-2) -(2)*-(2)+7
=-7

e f(-2)=(-(-2))’ = (-2 = (-2)+7
=13

Ao f+fED =[P =02 =D +7 ]+ (D) =D =D +7]

18. a. f(0)=(=0)>—(0)> —(0)+10
=10

b. f(2)=(-2)’-(2)*-(2)+10
=—4

e f(=2)=(=(-2)) = (=2)* = (-2)+10
=16

Copyright © 2017 Pearson Education, Inc.
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Chapter 2 Functions and Linear Functions

Ao D+ FED=[D =2 =W +10]+| (<=D)' = (=D = (=D +10]
=7+11
=18

2(0)-3 0

19. a. £(0)=

w

_2(3)_3_6;
b J(3= (3)-4 3-4

3

=—=—3
-1

2(-4)-3  -8-3
(-4)-4 -8
|
S8 8

c. f(=4)=

2(-5)-3  -10-3
(-5)-4 -9
_-13_13

d. f(=5)=

T 9 9
2(a+h)-3
(a+h)—4
_2a+2h-3
 a+h-4

e. fla+h)=

f. Four must be excluded from the domain, because four would make the denominator zero. Division by zero is
undefined.

3x-1

2. f="—

3(10)-1 30-1 29
d f0)=— =" =7
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21.

22,

23.

24,

25.

26.

27.

28.

3(a+h)-1

e f(“"):(HT_s
_3a+3h-1

 a+h-5

f. Five must be excluded from the domain, because
5 would make the denominator zero. Division
by zero is undefined.

a. f(-2)=6
b. f(2)=12
¢ x=0

a. f(-3)=38
b. £(3)=16
¢ x=0

a. h(-2)=2
b. h(l)=1

c. x=-1and x=1

a. h(-2)=-2

b. A(l)=-1

c. x=-1and x=1
g(1)=3(1)—5=3—5=—2

Fs()=£(-2)=(2) -(-2)+4
=4+2+4=10

=64+8+4=76

3—(~1)—(-6)" +6+-6-4
=/3+1-36+-1-4

=J4-36+-4=2-36-4=-38

-4 - (1) - (-3)* +-3+3--6
=|-4+1-9+-3+3--6
=|-3-9+-1--6
=3-9+6=-6+6=0

29.

30.

31.

32.

33.

Section 2.1 Introduction to Functions

(=)= f(x)
=(—x)3+(—x)—5—[x3+x—5]
=X —x-5-x"—x+5

=-2x% - 2x

f(=x)=f(x)

=(—)c)2 —3(—)c)+7—()c2 —3x+7)
=x? +3x+7-x>+3x-7

=6x

a. f(-2)=3(-2)+5=-6+5=-1
b. f(0)=4(0)+7=0+7=7
e f(3)=4(3)+7=12+7=19

d. f(-~100)+ f(100)
=3(-100)+5+4(100) +7
=-300+5+400+7 =112

a. f(-3)=6(-3)-1=-18-1=-19
b. £(0)=7(0)+3=0+3=3
c. f(4)=7(4)+3=28+3=31

d. f(-100)+ f(100)
=6(-100)-1+7(100)+3
=-600—-1+700+3
=100+2 =102

a. {(Iceland, 9.7), (Finland, 9.6), (New Zealand, 9.6),
(Denmark, 9.5)}

b. Yes, the relation is a function because each
country in the domain corresponds to exactly
one corruption rating in the range.

c. {(9.7, Iceland), (9.6, Finland), (9.6, New Zealand),
(9.5, Denmark)}

d. No, the relation is not a function because 9.6 in
the domain corresponds to two countries in the
range, Finland and New Zealand.
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34. a. {(Bangladesh, 1.7), (Chad, 1.7), (Haiti, 1.8),

(Myanmar, 1.8)}

Yes, the relation is a function because each
country in the domain corresponds to exactly
one corruption rating in the range.

{(1.7, Bangladesh), (1.7, Chad), (1.8, Haiti),
(1.8, Myanmar) }

No, the relation is not a function because 1.7 in
the domain corresponds to two countries in the
range, Bangladesh and Chad.

51.

Itis given that f(x+y)= f(x)+ f(y)
and f(1)=3.

To find f(2), rewrite 2 as 1 + 1.
f@Q)=fA+h=fM+fD

=3+3=6
Similarly:
fO=f2+D=f2Q)+fD
=6+3=9
f@=73+D=fO3)+f1)
=9+3=12

While f(x+y)= f(x)+ f(y) is true for this

35.-38. Answers will vary. function, it is not true for all functions. It is not true

for f (x) = x| for example.
39. makes sense

2
40. makes sense 52. 24+4[2_(5_2)} -6

2
41. makes sense =24+4[2—(3)] -6
=24+4(-1) -6
=24+4(1)-6

=6(1)-6=6-6=0

42. does not make sense; Explanations will vary.
Sample explanation: The range is the chance of
divorce.

43. false; Changes to make the statement true will vary.

. . . -2 -2 2
A sample change is: All functions are relations. s (3x2 y? J _ ( i J _ [ y_5 ] _ y_m
44. false; Changes to make the statement true will vary. ¥ Y’ 3x? 9x*
A sample change is: Functions can have ordered
pairs with the same second component. It is the ¥ 3x
first component that cannot be duplicated. 54. S== t4
3 5
45. true 15(fj=15(3_x+4)
3 5
46. true
15(% = 15(31) +15(4)
47. true 3 5
48, fal A A 5x=3(3x)+60
. 3 8-+ f(—
Alse; g(=A)+f(~4) 5x=9x+60
=(-D+(=D _
_ 5x=9x=9x-9x+60
- —4x=60
49. f(a+h)=3(a+h)+7=3a+3h+7 —4x 60
fla)=3a+7 -4 4
flat+h)— f(a) x=-15
h The solution set is {-15}.
_(3a+3r+7)-(3a+7)
- h
_3a+3h+7-3a-7 _%_3
h h

50. Answers will vary. Anexample is {(1, 1), (2, 1)}.
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S5. X f (x) =2x (x, y)
=2 | f(2)=2(-2)=—4 | (-2,-4)
-1 (-1)=2¢-H=-2 | (-1,-2)

0 £(0)=2(0)=0 (0,0)
1 f)=2m=2 (1,2)
2 | f(2)=20=4 (2.4)
Ypy=2
5[ AT
2,9
IR
(1,2)"
(=1, -2) 0,0) 5 x
(_29 _4)
Cw

56. | x f(x)=2x+4 (%)
o | f(=2)=2(-2)+4=0 (-2 0)
1 f(-1)=2(-H+4=2 (-1.2)

0 £(0)=20)+4=4 (0,4)
1 F()y=2)+4=6 1,6)
2 f(2)=22)+4=8 (2.8)
ypy=2x+4
y .
28)
S0,90f0,6)
(-12)
(2,0
A x

57. a. When the x-coordinate is 2, the y-coordinate is

3.

b. When the y-coordinate is 4, the x-coordinates are

-3 and 3.

C. (—oo,0)

d. [l,0)

Section 2.2 Graphs of Functions

2.2 Check Points

1. f (x) =2x

X f (x) =2x (x,y)
2| f(-2)=2(-2)=-4 | (-2,—4)
1| f(-1)=2¢-Dh==21(-1-2)

0| f(0)=200=0 (0,0)

1 f)=2m=2 (1,2)

2 f(2)=22)=4 (2,4)

g (x) =2x-3
X g x)—Zx—3 (x,y)

8
21 g(2)=202-3=1 (2,1)

Sx) =2x
gx)=2x -3
10}/
2,4

:1, 2; /e

0,0) “———:__ L 10 x
(=1,-2) —T] (1, -1)
(_29 _4) -1 If\ \(0’ _3)

(_29 _7) (_19 _5)

The graph of g is the graph of f shifted down by 3
units.

2. a. The graph represents a function. It passes the
vertical line test.

b. The graph represents a function. It passes the
vertical line test.

c. The graph does not represent a function. It fails
the vertical line test.

3. a. f(5)=400

b. When x is 9, the function’s value is 100. i.e.
f£(9) =100

¢. The minimum T cell count during the
asymptomatic stage is approximately 425.
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4. a. ?Ee domai.n isO[;Z,l]. 2. X f(x)=x (x, y)
e range 1S [ > ] . -2 f (_2) ) (_2,_2)
b. The domain is (-2,1]. -1 f(=1)=-1 (—1,—1)
The range is [-1,2) . 0 ¥ (0) -0 (0’0)
c. The domain is [-3,0) . 1 f()=1 (L1)
The range is {-3,-2,-1}. 2 f(2)=2 (2,2)
2.2 Concept and Vocabulary Check ! 8x)= x4 (x’ y)
-2 | g(2)=-2-4=-6 (-2,-6)
1. ordered pairs ) g (_1) — 1_4-_5 (_1’_5)
2. more than once; function 0 g (0) =0-4=-4 (0’ _4)
3. [1,3) ; domain 1 8 (1) =1-4=-3 (1’ _3)
2 g(2)=2-4=-2 (2,-2)
4. [l,%); range
yp Jwy=x
2.2 Exercise Set 2,2) =13 gx)=x—4
L1
L = X,y 0,0) A §x
x2 f)=x ( ) (-1, -1) 5 (2,2
- f(=2)=-2 (_2’_2) (=2,-2)" ~~(1,-3)
-1 f(-1)=-1 (-1,-1) / 0, -4
0 f(()):() (0,0) (_2’ _6) (_19 —-5)
1 f()=1 (L1) The graph of g is the graph of f shifted down 4
) P (2) —» (2,2) units.
x g(x)=x+3 (% 3 x f(x)=-2x (x.y)
D | g(2)=—2+3-= (-2.1) 2 | f(2)=-2(2)=4 | (-24)
-1 | g(-1)=-1+3=2 (-1.2) 1| f)==2(-1)=2 | (-12)
0 g(0)=0+3=3 (0,3) 0 f(0)=-2(0)=0 (0,0)
1 g(l)=1+3=4 (1.4) 1| === | 1-2)
2 g(2)=2+3=5 (2,5) 2 | f(2)=-=2(2)=—4 | (2,-4)
(2,5) i * g(x) =21 (x.)
1,4 f((;)z)— ) -2 | g(-2)=-2(2)-1=3 | (-2.3)
0,3) —— mime (1: 1) -1 | g(-1)==2(-1)-1= (-11)
(_19 2) (0’ 0):5_— X 0 g(o) = —2(0) —-1=-1 (0,_1)
20 NH
1 g()=-=2(1)-1=-3 (1,-3)
-2,-2) (-1,-1
= LD 2 | s@=20)-1== | (2-9)

The graph of g is the graph of f shifted up 3 units.
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Section 2.2 Graphs of Functions

f) = —2x 5. | & Fx)=x (x.¥)
yp8x)=-2r—1 >
(=2,3) —INTH—- (-2,9) 2 f(-2)=(-2) =4 (-2.4)
(-1,1) N (L) 1 =1 =(-1) =1 (-L1)
(0,0)— :’ mEEA b 2
(0, —1)// > -] P~ (1, _2) 0 f (0) = (0) =0 (O’O)
1, -3)-7 NS 2,-9) 1 F)=(1) =1 (L1)
2,-95)
2 F2)=(2)7 =4 (2.4)
The graph of g is the graph of f shifted down 1
unit. X g(x)=x2+1 (x )’)
x Fx)=2x (x.) 2 | g(2)=(2)+1=5 | (-2)
2 | f(2)=—2(-2)=4 (-2,4) -1 g(-1)=(-1)"+1=2 (-12)
-1 f(-1)==2(-1)=2 -1,2) 0 2(0)=(0) +1=1 (0.1)
1 f(1)y==2(1)=-2 (1,-2) ; (a1 29)
2 F(2)=-2(2)=—4 (2.-4) g(2)=(2) +1= :
g =x+1
x g(x)=-2x+3 (x.¥) foy=x ¥ (25
2 | e(2)=-2(-2)+3=7 (-2,7) (2.5 T 2.9
’ (1,2
-1 g (—1) = —2(—1) +3=5 (—1,5) (_2, 4) P // ”:’ :1, 1;
0)=-2(0)+3=3 0,3 -1,2)= ANENE
0 | s(0)=-2(0)+ (0.3) (LY=o
1 g()==2(1)+3= (1,1) -LD HH
2 g(2)=-2(2)+3=-1 (2,-1) ) . .
The graph of g is the graph of f shifted up 1 unit.
Jx) = —2x
g = -2 43 Y _(-2,7) 6| « fx) =4 (x.5)
N | 1] | — _1,5
20N o 2 F(2)=(-2) =4 (-2.4)
L) =N\ 1
(0,00 =—=173 ‘;—‘_ e a1 -1 f(-1)= (—1)2 =1 (—1 1)
G o | -0 | 09
1 F)=0) =1 (L.1)
The graph of g is the graph of f shifted up 3 units. ) £(2) - (2)2 _4 (2 4)
x ¢(v)=x" -2 (x.))
2 | a()=(2f-2=2 | (22)
1| s()=( 2= | (L)
0 (0)=(07-2=-2 | (0-2)
Looe()=0y-2=-1 | (L-1)
2 g(2)=(2)-2=2 (2,2)

Copyright © 2017 Pearson Education, Inc.
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) =
gy =x*-2Y
(-2,4) _: \ @9
g T - (2,2)
(-2, )~-1 \ : T an
(_191) B T 1] 5y
(=L, =D~ T T -1
(0,0) ~0,-2)
The graph of g is the graph of f shifted down
2 units.
x f(x)=l4 (x.y)
2 f(2)=]-2=2 (-2,2)
-1 f(=1)=-=1 (-L1)
0 £ (0)=lo[=0 (0.0)
1 F)=hi=1 (L1)
2 /(2)=p=2 2.2)
x g(x)=x-2 (x.)
) g(-2)=]-2/-2=0 (-2,0)
-1 g(-1)=]-1]-2=-1 (-1,-1)
0 g(0)=[0[-2=-2 (0.-2)
1 g()=)|-2=-1 (1,-1)
2 g(2)=2|-2=0 (2,0)
(-L1) y; (4,1
[ ,5,,L,
3 _2.2)
(=2,2) %
(=2,0) ¢ x
gx) = x| -2
Jx) = x|

The graph of g is the graph of fshifted down 2

units.

x f(x)=1

) f(2)=|-2=2

-1 F(N)=l1=

0 f(0)=lo|=0

1 F(y==1

2 f(2)=2=2

x g(x)=[+1

-2 g(-2)=|-2/+1=3

-1 g(-1)=|-1+1=2

0 g(0)=oj+1=1

1 g()=[+1=2

2 g(2)=]2/+1=3
feo =
g =hl+1 yy @D

o—(2,3)

(-2,3)—T SEE
R
(-1,1) z,l((‘)‘o‘) : T’T 1,2)

The graph of g is the graph of f shifted up 1

unit.
x f(x) =x
HEEECES
HECECES

-1 g(-1)=(-1) +2=
0 g(0)=(0)+2=2
1 g()=(1y+2=3
2 g(2)=(2)+2=10
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10.

11.

12.

13.

fay =2
g =x+2 2 2,10)
0,2) 28
’ L (13)
b D= mEEER)
0,05 x
(=2,-6)— (-1,-1)
(=2,-8) HH

The graph of g is the graph of fshifted up 2
units.

X f (X) =x (x, y)
) F(=2)=(-2) =-8 (-2,-8)
- FE=()' =1 | (L)
0 f(0)=(0)'=0 (0.0)
! Fm=0)’ =1 (11)
2 F(2)=(2) =8 (28)
x g(x)=2"-1 (x.7)
-2 g(-2)=(=2-1==9 | (-2.-9)
| = -i==2 | (1Y)
0 5(0)=(0)’~1=-1 (0.-1)
1 g()=(1)-1=0 (1.0)
2 2(2)=(2)' -1=7 (27)
x)=x
@1
O, 0 L= (1,0)
(-1, 1)
(-1,-2) =
(=2, -8) = P
(=2,-9)~

The graph of g is the graph of f shifted down 1 unit.

The graph represents a function. It passes the
vertical line test.

The graph represents a function. It passes the
vertical line test.

The graph does not represent a function. It fails the
vertical line test.

Copyright © 2017 Pearson Education, Inc.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

Section 2.2 Graphs of Functions

The graph does not represent a function. It fails the
vertical line test.

The graph represents a function. It passes the
vertical line test.

The graph does not represent a function. It fails the
vertical line test.

The graph does not represent a function. It fails the
vertical line test.

The graph represents a function. It passes the
vertical line test.

g(-10)=2
g(10)=-2
When x=-2, g(x)=1.
When x =1, g(x)=-1.

The domain is [0,5) .
The range is [-1,9) .

The domain is (-5,0].
The range is [-3,3).

The domain is [0,<) .
The range is [1,00) .

The domain is [0,0) .
The range is [0, o).
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35. The domain is [-2,6]. 43
The range is [-2,6] .

36.

37.

38.

39.

40.

41.

42,

78

The domain is [-3,2].
The range is [-5,5] .

The domain is (—eo, o)

The range is (—oo,—2]

The domain is (—oo,0) .

The range is [0,0) .

The domain is {-5,-2,0,1,3} .

The range is {2}. 45.

The domain is {-5,-2,0,1,4}.
The range is {-2}.

a.

b.

The domain is (—oo,0) .

The range is [—4,0)

46.

f(=3)=4

2 and 6;1.e. f(2)= f(6)=-2

f crosses the x-axis at (1,0) and (7,0).
f crosses the y-axis at (0,4).

f(x) <0 on the interval (1,7).

f(=8) is positive.

The domain is (-, 6].

The range is (—oo,1].

f(=4)=-1

48.

—6 and 6;i.e. f(—6)= f(6)=-3

f crosses the x-axis at (=3,0) and (3,0).
f crosses the y-axis at (0,1).

f(x)>0 on the interval (-3,3).

f(=2) is positive.

44.

47.

. a.  G(30)=-0.01(30)> +(30) + 60 = 81

In 2010, the wage gap was 81%. This is
represented as (30,81) on the graph.

b. G(30) underestimates the actual data shown by
the bar graph by 2%.

a.  G(10)=-0.01(10)* + (10) + 60 = 69
In 1990, the wage gap was 69%. This is
represented as (10,69) on the graph.

b. G(10) underestimates the actual data shown by
the bar graph by 2%.

£(20) = 0.4(20)* - 36(20) +1000
=0.4(400) - 720 +1000
=160-720+1000

=-560+1000 = 440
Twenty-year-old drivers have 440 accidents per 50
million miles driven.
This is represented on the graph by point (20,440).

£(50) = 0.4(50)° —36(50) +1000
=0.4(2500) — 1800+ 1000

=1000-1800+1000 = 200
Fifty-year-old drivers have 200 accidents per 50
million miles driven.
This is represented on the graph by point (50,200).

The graph reaches its lowest point at x = 45.
f4s5)= 0.4(45)2 - 36(45) +1000
= 0.4(2025) -1620+1000
=810-1620+1000

=-810+1000

=190
Drivers at age 45 have 190 accidents per 50 million
miles driven. This is the least number of accidents
for any driver between ages 16 and 74.

Answers will vary.

One possible answer is age 16 and age 74.

£(16) = 0.4(16)* —36(16) +1000
=0.4(256) - 576 +1000
=102.4-576+1000 = 526.4

fa4) = 0.4(74)2 —36(74)+1000
=0.4(5476) — 2664 + 1000

=2190.4-2664 +1000 = 526.4
Both 16-year-olds and 74-year-olds have approximately
526.4 accidents per 50 million miles driven.
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49.

50.

51.
52.
53.

57.

58.
59.

60.

61.

62.
63.
64.

65.

66.

67.

Section 2.2 Graphs of Functions

f(3)=0091
The cost of mailing a first-class letter weighing 3 ounces is $0.91.

f@3.5)=1.12
The cost of mailing a first-class letter weighing 3.5 ounces is $1.12.

The cost to mail a letter weighing 1.5 ounces is $0.70.

The cost to mail a letter weighing 1.8 ounces is $0.70.

—56. Answers will vary.

The number of physician’s visits per year
based on age first decreases and then
increases over a person’s lifetime.

NORMAL FLOAT AUTO REAL RADIAN MP n
M

CALC MINIMU

40Yi:'G.GGG92X3+0.008X2—0.3X+6.95

100

E;nzimgauss ¥=3.9894113
These are the approximate coordinates of the
point (20.3, 4.0). The means that the minimum
number of physician’s visits per year is
approximately 4. This occurs around age 20.

makes sense
makes sense

does not make sense; Explanations will vary. Sample explanation: The domain is the set of number of years that people
work for a company.

does not make sense; Explanations will vary. Sample explanation: The domain is the set of the various ages of the
people.

false; Changes to make the statement true will vary. A sample change is: The graph of a vertical line is not a function.
true
true

false; Changes to make the statement true will vary. A sample change is: The range of fis [-2,2).

true

false; Changes to make the statement true will vary. A sample change is: f(0) = 0.6
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68. Jf(-1.5)+ f(=0.9) —[f(m) + f(-3)+ f())- f(-7)
=170 —[-4 +2+ (-2)(3)
=J1-16+(-1)(3)
=1-16-3
=-15-3
=-18

69. Jf(-2.5-fA9) -[f(-mTF + f(-3)+ f(): f(n)
= 2= (-2) ~ B3P +2+ (-2)(-4)
=4 -9+ (-1)(-4)
=2-9+4
=-3

70. The relation is a function. Every element in the domain corresponds to exactly one element in the range.

71. 12-2Gx+1)=4x-5
12-6x-2=4x-5

10-6x=4x-5
—-6x—4x=-5-10
-10x=-15
-10x _-15
-10  -10
x=3

2

The solution set is {%}

72. Let x = the width of the rectangle.
Let 3x+8 = length of the rectangle.
P=21+2w
624 =2(3x+8)+2x
624 =6x+16+2x
624 =8x+16
—8x =-608
x=176
3x+8=236
The dimensions of the rectangle are 76 yards by 236 yards.

73. 3 must be excluded from the domain of f because it would cause the denominator, x — 3, to be equal to zero. Division by
0 is undefined.

& 2(4)
— A
74, F(4)+g(4)=(4>+4)+(4-5)
=20+(-1)
=19
75.  —2.6x% +49x +3994 — (—0.6x> + 7x +2412)
=—2.6x> +49x+3994 +0.6x> — Tx — 2412
=-2x? +42x+1582
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Section 2.3 The Alglebra of Functions

2.3 Check Points

1. a. The function contains neither division nor a square root. For every real number, x, the algebraic expression %x +3 is

a real number. Thus, the domain of fis the set of all real numbers.
Domain of fis (—oo,o0) .

. Tx+4 . c o .
b. The function g(x)= al contains division. Because division by 0 is undefined, we must exclude from the

domain the value of x that causes x+5 to be 0. Thus, x cannot equal -5.
Domain of g is (—eo,—5) or (=5,°).
2. a. (f+g)(x)=f(x)+g(x)
= (3¢ +4x—1)+(2x+7)
=3x% +4x—1+2x+7

=3x>+6x+6

b. (f+g)(x)=3x>+6x+6
(f+8)@)=3(4)"+6(4)+6
=78

5 7
3. a. (f—g)(x) —;—x—_g

b. The domain of f- g is the set of all real numbers that are common to the domain of f and the domain of g. Thus, we
must find the domains of fand g.

Note that f(x)=— is a function involving division. Because division by 0 is undefined, x cannot equal 0.
X

The function g(x) =

8.
To be in the domain of f - g, x must be in both the domain of f and the domain of g.

is also a function involving division. Because division by 0 is undefined, x cannot equal

This means that x # 0 and x # 8.
Domain of f —g =(—<0,0) or (0,8) or (8,00).

4. a. (f+g)(5)=f(5)+g(5)=15>—2-51+[5+3]=23

b. (f-g)(x)=f(x)-g(x)=[x"—2x]-[x+3]=x" —=3x-3
(f=g)(-1)=(-D*-3-D-3=1

j(x): f(x) ¥ -2x

g(x) ~ x+3

=27 35 7
Jor= TR =1
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d. (fg)(-4)=7r(-4)-g(-4)
= (4 —2(-4))(-4)+3)
=(24)(-1)
=-24
5. a. (B+D)(x)=B(x)+D(x)
= (=2.6x% +49x +3994) + (—0.6x° + Tx +2412)
= —2.6x% +49x+3994 — 0.6x% + 7x + 2412
= -3.2x% +56x + 6406

b. (B+D)(x)=-3.2x" +56x + 6406
(B+D)(5)=-3.2(3)* +56(3) + 6406

=6545.2
The number of births and deaths in the U.S. in 2003 was 6545.2 thousand.

c. (B + D)(x) overestimates the actual number of births and deaths in 2003 by 7.2 thousand.

2.3 Concept and Vocabulary Check
1. zero

2. negative

3. f)+g)

4. f(x)-gx)
5. £(x)-g(x)

6. %; ¢(x)
7. (—0,00)

8. (2,00)

9. (0,3); (3,00)

2.3 Exercise Set
1. Domain of fis (—oo,c0).
2. Domain of fis (—eo,e0).

3. Domain of g is (—oo,—4) or (=4, ) .
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10.

11.

12.

13.

14.

15.

Domain of g is (—eo,—5) or (=5,°).
Domain of fis (—eo,3) or (3,0) .

Domain of fis (—ee,2) or (2,c0) .

Domain of g is (—eo,5) or (5,0) .

Domain of g is (—e<,6) or (6,0).

Domain of fis (—ee,—7) or (=7,9) or (9,0) .

Domain of fis (—eo,—8) or (=8,10) or (10, ) .

(f+g)(x)=(3x+1)+(2x-6)
=3x+1+2x-6
=5x-5

(f+g)5)=5(5)-5
=25-5=20

(f+g)(x)=(4x+2)+(2x—9)
=4x+2+2x-9
=6x—-17

(7 +8)(5)=6(5)-7=30-7=23

(f+8)(x)=(x=5)+(3+?)
= x—5+3x

=3x*+x-5

(f+8)(5)=3(5) +5-5
=3(25)=75

(f+g)(x)=(x—6)+(2x2)
= x—6+2x
=2+ +x-6

(f+2)(5)=2(5) +5-6
=2(25)+5-6
=50+5-6=49

(f+g)

=(2)c2 —x—3)+(x+1)

=2x* —x-3+x+1

=2x" -2
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(f+g)5)=2(5)7-2
=2(25)-2
=50-2=48

16. (f+g)(0)=(4x" —x=3)+(x+1)

=4x" —x-3+x+1
=4x* -2

(f+2)(5)=4(5)7 —2=4(25)-2
=100-2=98

17. (f+g)(x) =(5x)+(-2x-3)
=5x-2x-3
=3x-3

(f—g)(x)=(5x)—(-2x-3)
=5x+2x+3
=T7x+3

(fg)(x) = (5x)(-2x-3)
=-10x> —15x

i _ 5x
(gj(x)_—2x—3

18. (f+g)(x) = (—4x)+(—3x+5)
=—4x-3x+5
=-Tx+5

(f - 8)(x) = (~4x) - (-3x+5)
=-4x+3x-5

=-x-5

(fg)(x) = (—4x)(-3x+5)
=12x% = 20x

f . —4x
(gJ(X)_ —3x+5

19. Domain of f + g = (—oo,00).
20. Domain of f + g = (—o0,0).
21. Domain of f + g =(—o0,5) or (5,0).

22. Domain of f + g =(—e0,6) or (6,0).
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

Domain of f + g =(—e0,0) or (0,5) or (5,0) .
Domain of f + g =(—oo,0) or (0,6) or (6,°).
Domain of f+ g = f + g =(—0,—3) or (=3,2) or (2,).
Domain of f+g = f + g =(—0,—8) or (—8,4) or (4,).
Domain of f + g =(—o0,2) or (2,0).
Domain of f + g =(—0,4) or (4,).
Domain of f + g = (—oo,0).
Domain of f + g = (—oo,c0).
(f+8)x0) = f(x)+g(x)
=x?+4x+2-x
=x*+3x+2

(f +8)3) =3 +3(3)+2=20

(f+8)x) = f(x)+g(x)
=x* +4x+2-x
=x% +3x+2

(f +8)(4)=(4)" +3(4)+2=30

F(-2)+g(=2) = ((—2)2 +4(—2)) +(2-(-2))=—4+4=0

F(-3)+g(-3)= ((—3)2 + 4(—3)) +(2-(-3))=-3+5=2

(f-8)x)=f(x)—gx)
=(x2+4x)—(2—x)
=x>+4x—2+x
=x*+5x-2

(f-9)(5)=(5)+5(5)-2
=25+25-2=48

(f-8)x)=f(x)—-gx)
=(x2+4x)—(2—x)
=x? +dx—2+x
=x*+5x-2

(f -2)(6)=(6)" +5(6)-2
=36+30-2=64
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Section 2.3 The Alglebra of Functions

85



Chapter 2 Functions and Linear Functions

3. f(D-g(-2)=((2) +4(-2))-(2-(-2)) = ~4-4=-8

3. f(-3)-£(-3)=((-3)" +4(-)~ (2~ (-3) = -3-5=-8

39. (£)(-2)= £ (-2)-8(-2)=((-2) +4(-2))-(2- (-2)) =-4(4) =16
40, (fe)(-3)= £(-3)-8(-3) = (-3 +4(-3))- (2~ (-3)) = =3(5) = -15
41 (f2)(5)=£(5) 8(5)=((5)" +4(5))- (2~ (5)) = 45(-3) = -135

42. (fe)(6)=1(6)-2(6)=((6)" +4(6))- (2~ (6)) = 60(~4) = 240

f _f(x)_x2+4x

43. Ej(x)—g(x)— 27—«
f (1 +4(1) 144 5
Ho-E--
f _f(x)_x2+4x

44. ;J()C)—g(x)— 2.
7 (3 +4(3) 9+12 21
dJo B R
f _f(x)_x2+4x

45. Ej(x)—g(x)— 27—«
f (=1)° +4(-1)
-5

33

f _f(x)_x2+4x

1o (EJ(X)_g(X)_ 2-x
£y (0 +4(0) _0+0 _0
(EJ(O)_ 20 2 270

47. Domain of f + g = (—oo,00).

48. Domain of f + g = (—oo,00).

o (o355

f

Domain of — = (—e0,2) or (2,0) .
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50.

51.

52,

53.

54.

5S.

56.

57.

58.

59.

60.

(f8)(x)= f (x)- g (%) = (& +4x)(2-x)
Domain of fg = (—oo,00) .

(f+8)(-3)=f(-3)+g(-3)=4+1=5
(g—f)(-2)=g(-2)- f(-2)=2-3=-1
(1)) = £ (2)3(2)= (-1)(1) =1

[o-S5-5-0

The domain of f + g is [-4,3].

The domain of L is (4,3).
8

The graph of f+g
y

The graphof f—g
y

[~

(f+g)()—( Al
=f(M+e()-lg(=1)-F(-1)1
=f(M+e)-g(=)+f(-1)
=—6+-3-(-2)+3

=-6+-3+2+3=-4

(f+e)(- 1) (g f)()
= f(-1)+g(-1)-[2(0)- £(0)]
=3+(-2)- [4 2)]

=3+-2-(442)=3+-2-6=-5
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61.

62.

63.

64.

65.

88

we2-{(L )]

. (M +F)(x)=Mx)+F(x)=(1.5x+115)+ (1.4x +121) = 2.9x + 236

(M +F)(x)=29x+236
(M + F)(20) =2.9(25) + 236 = 308.5
The total U.S. population in 2010 was 308.5 million.

. The result in part (b) underestimates the actual total by 0.5 million.

. (F=M)(x)= F(x)~ M (x) = (1.4x +121) = (1.5x + 115) = =0.1x + 6

(F-M)(x)=-0.1x+6
(F-M)20)=-0.1200+6 =4
In 2005 there were 4 million more women than men.

. The result in part (b) is the same as the actual difference.

(ﬂj(x)— M(x)) 15x+115
"\F T\ F(x) ) l4x+121

1.4x+121

(MJ(IS) _L55)+115 _ 0.968
F 1.4(15)+121

In 2000 the ratio of men to women was 0.968.

(%)(x): 1.5x+115

. The result in part (b) underestimates the actual ratio of % = (.965 by about 0.003.
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66.

67.

71.

72.

First, find (R-C)(x).
(R - C)(x) = 65x — (600,000 + 45x)
= 65x — 600,000 — 45x
=20x — 600,000
(R - €)(20,000)
=120(20,000) - 600,000
= 400,000 — 600,000 = 200,000

This means that if the company produces and sells
20,000 radios, it will lose $200,000.

(R~ C)(30,000)
= 20(30,000) - 600,000

= 600,000 - 600,000 = 0
If the company produces and sells 30,000 radios, it
will break even with its costs equal to its revenue.

(R - C)(40,000)

= 20(40,000) - 600,000

=800, 000 - 600,000 = 200,000
This means that if the company produces and sells
40,000 radios, it will make a profit of $200,000.

—70. Answers will vary.

W=2x+3 y»=2-2x y;=y+t)y,

NORMAL FLOAT AUTO REAL RADIAN MP n

yz\ / 2

yy=x-4
Y3=X1= )

NORMAL FLOAT AUTO REAL RADIAN MP n

10
\)’;\ V »

vy =2x

73. y=x

74.

75.

76.
77.
78.
79.
80.
81.
82.
83.

84.

Section 2.3 The Alglebra of Functions

Y, =x—4 V3=V

NORMAL FLOAT AUTO REAL RADIAN MP n

= X% —2x
i
Y2

Yo =X

Y3 =

NORMAL FLOAT AUTO REAL RADIAN MP n

-10
/{
-10

No y-value is displayed because y; is

undefined at x = 0.

makes sense
makes sense
makes sense
makes sense
true
true
true

false; Changes to make the statement true will vary.
A sample change is: f(a) or f(b) isO.

R=3(a+b)
R=3a+3b
R—3a=3b
b= R~3a or bzg—a
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85. 3(6-x)=3-2(x-4)
18-3x=3-2x+8

18—3x=11-2x
18=11+x

T=x
The solution set is {7}

86. f(b+2)=6(b+2)-4
=6b+12-4=6b+8

87. a. 4x-3y=6

4x-3(0)=6
4x=6
3
xX=—
2
b. 4x-3y=6
4(0)-3y=6
-3y=6
y=-2
88. a. X y=2x+4 (_x’y)
-3 2(-3)+4=-2 (_3, _2)
) 2(-2)+4=0 (-2,0)
-1 2(-D)+4=2 (_1’2)
0 200)+4=4 (0’4)
1 2(h+4=6 (1,6)
ypy=2x+4
AL
(Il‘a‘6):
X (0,4)
-1,2
(_290) { S !
(-3, —2) — 5 x

b. The graph crosses the x-axis at the point (-2,0).

c. The graph crosses the y-axis at the point (0,4).

89. 5x+3y=-12

3y =—5x—12
B _se 1
3 3 3
5
=2y 4
Y773

Mid-Chapter Check Point — Chapter 2

1.

10.

11.

12.

13.

14.

15.

The relation is not a function.
The domain is {1,2}.

The range is {-6,4,6}.

The relation is a function.
The domain is {0,2,3}.

The range is {1,4}.

The relation is a function.
The domain is [-2,2).

The range is [0, 3].

The relation is not a function.
The domain is (-3,4].

The range is [—1,2].

The relation is not a function.
The domain is {-2,-1,0,1,2}.
The range is {-2,—1,1,3}.
The relation is a function.
The domain is (—eo,1].

The range is [—1,o0).

The graph of f represents the graph of a function
because every element in the domain corresponds to

exactly one element in the range. It passes the
vertical line test.

f(-4)=3

The function f (x) =4 when x =-2.

The function f(x)=0 when x=2 and x = —6.
The domain of f is (—eo,c0).

The range of f is (—oo,4].

The domain is (—ce, o).

The domain of gis (—eo,—2) or (=2,2) or (2,0).

f£(0)=0*-3(0)+8=38
g(-10)=-2(-10)-5=20-5=15
£(0)+g(-10)=8+15=23
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16.

17.

18.

19.

20.

21.

22,

Section 2.4 Linear Functions and Slope

f(-1)= (_1)2 ~3(-1)+8=1+3+8=12 2.4 Check Points

g(3)=—2(3)-5=-6-5=-11 1. 3x-2y=6
f (_1) -2 (3) =12— (_1 1) =12+11=23 Find the x—intercept by setting y = 0.
3x-2y=6
f(a)=a2—3a+8 3x-2(0)=6
g(a+3)=—-2(a+3)-5 3x=6
x=2
=—2a¢=6-5="2a-11 Find the y—intercept by setting x = 0.
f(a)+g(a+3)=a2—3a+8+—2a—11 3x-2y=6
=a’-5a-3 30)-2y=6
-2y=6
(f+g)(x)=x2—3x+8+—2x—5 y=-3
=x"—5x+3
(F+8)(-2)=(-2)" -5(-2)+3 B
S) /
—4+10+3=17 i
- =x-3x+8—(-2x-5 /N5
(f-28)(x) x2 x+8-(-2x-5) 0, -3 2 0)]
=x"—-3x+8+2x+5 EEEY4EEEEE
[TV 11T
=x*-x+13
(f=8)(5)=(5)" ~5+13 a m=22z"n_ 274 6
xX—-x —4-(3) -1
=25-5+13=33

F(=1)=(-1)* =3(-1)+8
=1+3+8=12
g(-1)=-2(-1)-5=2-5=-3

Y 5-(2) _ T _ l
Xy =X -1-4 -5 5

. First, convert the equation to slope-intercept form

by solving the equation for y.

8x—-4y =20
’ —4y=-8x+20
f x°—3x+8
L (x)z— -4y —-8x+20
/0 T T
I ) (g AL 3C4)+8 y=2:-5
g N —2(—4) -5 In this form, the coefficient of x is the line’s slope
and the constant term is the y-intercept.
= % = 3—36 =12 The slope is 2 and the y-intercept is —5.

. Begin by plotting the y-intercept of —3. Then use the

. . 5 5 ints.
The domain of f s (_oo,__) or (__"X’j . slope of 4 to plot more points
g 2 2 y=4r—-3 ¥
i
/
1 x
-0, -3
mmmny/L
[T

Copyright © 2017 Pearson Education, Inc. 91



Chapter 2 Functions and Linear Functions

5. Begin by plotting the y-intercept of 0. Then use the 10. a. We will use the line segment passing through
(60,390) and (0,310) to obtain a model. We
need values for m, the slope, and b, the
) P} y-intercept.
X)=—=x
37y =2 y1=390—310=@z1.33
Xy — X 60-0 60

The point (0,310) gives us the y-intercept of 310.

) ]
slope of Y to plot more points.

] (0,0)
29N X Thus, C(x) =mx+b
N C(x)=1.33x+310

3
|
|

b. C(x)=133x+310

6. y =3 isahorizontal line. C(100) =1.33(100) + 310

Yy y=3 =443
i The model predicts the average atmospheric
concentration of carbon dioxide will be 443
5y parts per million in 2050.

7. r=-3 is a vertical line. 2.4 Concept and Vocabulary Check

x==-3 1. scatterplot; regression

2. standard

X 3. x-intercept; zero

4. y-intercept; zero

Yo—y,  44-465 —025 5. 270
8. m= = = =-0.05 Xy — Xy
x, —x;  2010-2005 5
From 2005 through 2010, the average waste 6. positive
produced per person in the U.S. decreased by 0.05
pound per day each year. 7. negative
9. m= Y2 =0 _ 0.03—(1).03 _ 0.;)2 ~001 8. zero
Xy — X - )
9. undefined
The average rate of change between 1 hour and 3 Hndetine
hours is 0.01. This means that the drug’s 10. y=mx+b
concentration is increasing at an average rate of
0.01 milligram per 100 milliliters per hour. 1. (0.3):2:5

12. horizontal
13. vertical

14. y; x
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2.4 Exercise Set 4. 2x+y=4
Find the x—intercept by setting y = 0.
1. x+y=4 2x+0=4
Find the x—intercept by setting y = 0. dx =4
x+y=4
x=2
x+0=4 Find the y—intercept by setting x = 0.
x=4 2(0)+y=4
Find the y—intercept by setting x = 0. _
y=4
x+ty=4
O+y=4 2x+y=4 y
o CET
-1,6) —= N
x+y=4y 0,4 -
o Emmas
0,9 N, 3) ] Y
‘]I'
40 X* 2,0)
5. 6x-2y=12
2 x4y=2 lZmd tzheox—_lnlt;rcept by setting y = 0.
Find the x—intercept by setting y = 0. T ( ) B
x+0=2 6x =12
x=2 x=2
Find the y—intercept by setting x = 0. Find the y—intercept by setting x = 0.
0+y=2 6(0)—2y=12
y=2 —2y=12
x+y=2y y=-6
6r—2y=12 y4
S0,2) K (2,0) =+ (3,3)
x /
| / iz 0)
EEEEEEEN/INEE 1 ’
& s
3. x+3y=6
Find the x—intercept by setting y = 0.
x+3 (0) =6
x=6
Find the y—intercept by setting x = 0.
(0)+3y=6
y=2
x+3y=6 y
Ho
4G, D[
01T
6,01 %
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94

6. 6x-9y=18
Find the x—intercept by setting y = 0.

6x—9(0)=18
6x =18

x=3

Find the y—intercept by setting x = 0.

6(0)—9y=18
0-9y=18
—-9y=18
y=-2

6x—9y =18 y

S

(=3,-9) A1(0,-2) > 3,0
|
NN

| 1]
[

N\ I/

3x-y=6

Find the x—intercept by setting y = 0.

3x-0=6
3x=6
x=2

Find the y—intercept by setting x = 0.

3(0)-y=6
-y=6
y=-6

Jx—y=6y

/ L+ (23 0)

[, -3)
-9

8.

x—4y=8
Find the x—intercept by setting y = 0.
x+4(0)=8
x+0=8
x=8
Find the y—intercept by setting x = 0.
0-4y=8

—4y=8
y=-2
x—4y =8y
©,-2) 8 0) 1
- R X
4, 1)
I
IHEEE
]
x—=3y=9
Find the x—intercept by setting y = 0.
xX— 3(0) =9
x=9
Find the y—intercept by setting x = 0.
(0) -3y=9
-3y=9
y=-3
x—3y=9Y
©,-3) ©,0) |
—t | X
TG -2
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10. 2x-y=5 12. 3x=5y-15
Find the x—intercept by setting y = 0. Find the x—intercept by setting y = 0.
2x-0=5 3x=5(0)-15
2x=5 3x=0-15
] 3x=-15
. 2. . x==5
Find the y—intercept by setting x = 0. Find the y—intercept by setting x = 0.
2(0)-y=5 3(0)=5y-15
-y=5 0=5y-15
y= -5 15= Sy
3 =
x—y=5y Y
Vi
/(é,o) r=5-15 y
2 P
x 15,0
= (1, - 1(0,3)
(0, —5) 1,-3) > (0,3)
o F(— x
v
11. 2x=3y+6 [T
F;nd_ t:eox—lr;tercept by setting y = 0. 13. 6x-3y=15
= ( )+ Find the x—intercept by setting y = 0.
2x=6 6x—3(0)=15
r¥=3 , 6x =15
Find the y—intercept by setting x = 0. 5 5
( (2— 3y+6 6 2
=S¥+ Find the y—intercept by setting x = 0.
—6=3y 6(0)-3y =15
2=y 3y=15
y=-35
2x=3y+6Y —
NN
——— 3 —_ =1
0, —2) (6, 2) br=3y =15y s
v ! 5
TG0 /
rimm e
A0, -5)
ARSREE
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14. 8x—2y=12 0y oD _3+1_4 1
Find the x—intercept by setting y = 0. - M= 6-2 -8 -8 2
8x—2(0)=12 The line falls.
8x=12
12 23, o0 105
x= 3-(-7) 4 2
3 The line rises.
X = 5
sa g 5CH 10
Find the y—intercept by setting x = 0. -1=(=3) 2
8(0) —2y=12 The line rises.
2y=12
o () 2
y= 25. m=%—_"=%  _undefined
8r—2y=12 y 7.7 0
H 3.0 2 2
/ (E ’ ) undefined slope; The line is vertical.
10| x 1 1
i o w6 ) gt
. m= = = undefine
EERE/ 3.3 0
2 2
-4 4 5—(2
15. m:3_22T24 undefined sl m = ( ):m:lope;Theline
ST 2-(-3) 243 5
The line rises. . .
is vertical.
4-1 3 .
16. m= 3375 27. Line 1 goes through (-3,0) and (0,2).
The line rises. _ 2-0 2
m =
0-(-3) 3
5-4 1 1 .
17. m=——=——=— Line 2 goes through (2,0) and (0,4).
2-(-1) 2+1 3 40 4
The line rises. Mm=——=—=-2
0-2 -2
5_(_2) 5+2 7 Line 3 goes through (0,—3) and (2,—4).
8. m=—>F7—F="—"—=—
2-(-3) 243 5 el ) B o P S §
The line rises. Co2-0 2 2 2
19. m= 5-5 :izo 28. L, passes through (1,0) and (0,—1).
~1-2 -3 -1-0 -1
The line is horizontal. m= 0-1 -7 1

L, passes through (4,-2) and (1,—4).
—4-(2) _-4+2_ =2 2

m= =

3-(=3) -—
20. m= (=3) _ 3+3_0 _p
4—(-6)  4+6 10

The line is horizontal. 1-4 -3 -3 3
L, passes through (—4,2) and (—3,0).
N me——TL _H A4 02 2 2
—4—(-7) —4+7 3 3 o) 341

The line falls.
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29. y=2x+1 3
m=2 y —intercept =1 3. f(x)= R 2
_3 — intercept = —2
y=2e41 y m= y —intercept =
VIEEE
: m=2 3
©, 1) Joy=3x-2 y)
5 x )
-3+ (/’ 5 x
30. y=3x+2 m|_| ii'r’,j ?Oi’i_izi)i
m=3 y —intercept = 2 o EEEE
B 3
y=3x+2y 4. f(x)==x-3
s\ 1T 4
Im=3 3 . 3
1] m=— — Intercept = —
f0.2) PR P
(=1,-1) X
/ 3
f(x)=zx—3 Y/
31. y=-2x+1
m=-2 y —intercept =1 =
3 A5 X
m= — v i
y= 241y AT, -3)
HH“V\J [N AR EREER
||||2\
m=—2N- H
@1 __3
- 35. f(x)— 5x-i—7
3 .
m=—g y —intercept = 7
32, f(x)=-3x+2 3
m=-3 y —intercept = 2 f(x)=—§x_+7 {, T
1] cr 3
N M= —7
y==3x+2 ,¥ O DI 5
K
HH
m=-3
Jt\(o,2):: 5 x
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2 1
36. f(x)=—-=x+6 40. y=——
5 3
2 . ) 1
m=-3 y —intercept = 6 m=0 y ~intercept =~
2 y
f(x)=——x+6 Y 2.5
5 1T
~ 2
™ m=—— = Y0
1] \ 5 25
__(09 ) "
—m = ™~ - 1
m = ~[o. -1
* HH ( 3)
41. a. 2x+y=0
1
37. y=——x y=-2x
Y 2
1 . = — —1 =
mz_E y —intercept = 0 b. m=-2 y —intercept = 0
C y=-2xy
__1 5
y=-3 y =
2 (0,0)
(0,0) | X
5 x
m=——
— 2 42. a. 3x+y=0
1 y=—3x
38. y=—>x
3 b. m=-3 y —intercept = 0
1
m=-—— y —intercept =0
3 C o y==3x
\J
YETIy \[(0, 0)
o \ 5| x
~_ @0 \
T~ J- X
m1
m=—= 43. a. Sy=4x
3
N 4
=—x
'S
39. y=——
4 .
b. m=— y —intercept =0
m=0 y —intercept = —— 5
C. _ix
y YE5
- i
25 >
| &
S0 0,03 x
~lo, -1
-3
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44. a.

45. a.

46. a.

C.

47. a.

4y =3x
3
YTy
3 .
mzz y —intercept = 0
Y=Ly
)y
210,03 %
3x+y=2
y=-3x+2
m=-3 y —intercept = 2
y==3x+21)
{JRaa
N[ T
0,2)7
\
X
\
2x+y=4
y=-2x+4
m=-2 y — intercept = 4
y=-2x+4Yy
7
IR
0,4
X
S5x+3y=15
3y =-5x+15
5
=——x+5
S
5 .
m=—§ y —intercept = 5

Section 2.4 Linear Functions and Slope

y=—§x+5 y
3 Wl 11T
N 11
(0,5)
N\
\
N3 *
48. a. Tx+2y=14
2y=-Tx+14
7
=——x+7
T
7 .
b. m=—5 y —intercept =7
c. 7
=—=x+7Y
s s
0,7
\
\
x
49. y=3
y
x
50. y=5
y
o]
5x
51. f(x =-2
y=-2
y
x
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52. f(x)=-4 which is the same as y = —4 57. x=5
Y4 y
x 8 x
53. 3y-=18 8. x=4
y=0 7
yi
o
x
5%
59. 3x=-12
x=-4
54. 5y=-30 i
y=-6
yi
2
5§y X
60. 4x=-12
x=-3
55. f(x)=2 YA
y=2
yi
5 x
T -
61. x=0
This is the equation of the y—axis.
56. f(x)=lory=1 YA
Y4
5 x
x
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62. y=0
This is the equation of the x—axis.
y
51 x
63 m=2"4_"a__a
b-0 b b

. . a. .
Since a and b are both positive, y is negative.

Therefore, the line falls.

-b-0 -b b

64 m=——=—=——
0- (—a) a a
The line falls.
b+c)-b
65, molbre)=b_c
a—a 0
The slope is undefined.
The line is vertical.
66, molate)=c _a
a-— (a - b) b

The line rises.

67. Ax+By=C

By=-Ax+C
A +C
=——X _—

Y B B

A
The slope is —— and the y —intercept is £
B B
68. Ax=By-C
Ax+C =By

—x+—==
B B Y

A
The slope is 2z and the y —intercept is %

69. -3=——

71.

72.

73.

74.

Section 2.4 Linear Functions and Slope

x—4f(x) =6 y

[~

6x—5f(x)=20
—5f(x)=—6x+20

f(x)z%x—4

6x —5f(x) =20y

7
/ X

0, -4
y ARNENN

Using the slope-intercept form for the equation of a
line:

-1=-2(3)+b
-1=-6+b
5=b
3
—6=—5(2)+b
—6=-3+b
-3=b
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75.

76.

77.

78.

79.

80.

81.

82.

102

The line with slope m, is the steepest rising line so

its slope is the biggest positive number. Then the
line with slope m; is next because it is the only other

line whose slope is positive. Since the line with
slope m, is less steep but decreasing, it is next. The
slope m, is the smallest because it is negative and
the line with slope m, is steeper than the line with
slope mj, so its slope is more negative.

Decreasing order: m,,ms,m,,m,
Decreasing order: b,,b;,b,,b;

The slope is 55.7. This means Smartphone sales are
increasing by 55.7 million each year.

The slope is 2. This means the amount spent by the
drug industry to market drugs to doctors is
increasing by $2 billion each year.

The slope is —0.52. This means the percentage of
U.S. adults who smoke cigarettes is decreasing by
0.52% each year.

The slope is —0.28. This means the percentage of
U.S. taxpayers audited by the IRS is decreasing by
0.28% each year.

a. 30% of marriages in which the wife is under 18
when she marries end in divorce within the first
five years.

b. 50% of marriages in which the wife is under 18
when she marries end in divorce within the first
ten years.

=¥ _50-30 20

S 10-5 5

There is an average increase of 4% of marriages
ending in divorce per year.

c. m=
Xy X

a. 15% of marriages in which the wife is over age
25 when she marries end in divorce within the
first five years.

b. 25% of marriages in which the wife is over age
25 when she marries end in divorce within the
first ten years.

Y=y _25-15 10 _

n-x 10-5 5

There is an average increase of 2% of marriages
ending in divorce per year.

C. m=

83.

84.

85.

86.

a. The y-intercept is 254. This represents if no
women in a country are literate, the mortality
rate of children under five is 254 per thousand.

b. mzyz_yl =

Xy =X

110-254  —144
60-0 60

For each 1% of adult females who are literate,
the mortality rate of children under five
decreases by 2.4 per thousand.

24

c. f(x)=-24x+254

d. f(50)=-2.4(50)+254=134
A country where 50% of adult females are

literate is predicted to have a mortality rate of
children under five of 134 per thousand.

Yo=y _67-31 :2:0.18

20-0 20

The percentage of America’s black population
that is foreign-born is increasing by 0.18 each

year. The rate of change is 0.18% per year..

a. m=
Xy =X

b. C(x)=0.18x+3.1

c. C(x)=0.18x+3.1
C(80)=0.18(80)+3.1
=175

The percentage of America’s black population
that will be foreign-born in 2060 is 17.5%..

P(x)=0.24x+29

P(x)=0.24x+30

87.-104. Answers will vary.

105.

y=2x+4

NORMAL FLOAT AUTO REAL RADIAN MP n

10

Two points found using [TRACE] are (0,4) and
(2.8).
8-4 4

2-0 2
This is the same as the coefficient of x in the line’s
equation.
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106. y=-3x+6

NORMAL FLOAT AUTO REAL RADIAN MP n

10

-10 t \ 10
-10

Two points found using [TRACE] are (0, 6) and
(2, 0). Based on these points, the slope is:

6-0 6
m=——=—=-3,

0-2 =2
This is the same as the coefficient of x in the line’s
equation.

1
107. y= —Ex—S

NORMAL FLOAT AUTO REAL RADIAN MP n

10

-10

Two points found using [TRACE] are (0,-5) and
(1,—5 .5) . Based on these points, the slope is:
_-55-(=5) -55+5 -05

m= =-0.5.
1-0 1 1
This is the same as the coefficient of x in the line’s
equation.
3
108. =—x-2
YTy

NORMAL FLOAT AUTO REAL RADIAN MP n

10

-10 10

-10

Two points found using [TRACE] are (0,—2) and
(1,—1.25) . Based on these points, the slope is:
-2-(-1.25) -0.75
m= =
0-1 -1

=0.75.

This is equivalent to the coefficient of x in the line’s

equation.

109.

110.

111.

112.

113.

114.

115.
116.

117.

Section 2.4 Linear Functions and Slope

does not make sense; Explanations will vary.
Sample explanation: Linear functions never change
from rising to falling.

does not make sense; Explanations will vary.
Sample explanation: Since this value is increasing,
it will have a positive slope.

does not make sense; Explanations will vary.
Sample explanation: This function suggests that the
average salary in 2000 was $1700, and that there is
an annual raise of $49,100. The function would
make sense if the x was with the 1700. i.e.
S(x)=1700x +49,100

makes sense

false; Changes to make the statement true will vary.
A sample change is: One nonnegative slope is 0. A
line with slope equal to zero does not rise from left
to right.

false; Changes to make the statement true will vary.
A sample change is: Slope-intercept form is
y =mx+b . Vertical lines have equations of the

form x =a. Equations of this form have undefined
slope and cannot be written in slope-intercept form.

true

false; Changes to make the statement true will vary.
A sample change is: The graphof x=7 isa

vertical line that passes through the point (7,0).

We are given that the x —intercept is —2 and the

y —intercept is 4 . We can use the points
(—2,0) and (0,4) to find the slope.
_ 40 _ 4 4.
0-(-2) 0+2 2
Using the slope and one of the intercepts, we can
write the line in point-slope form.

y=—nn :m(x—xl)
y=0=2(x~(-2))

y=2(x+2)
y=2x+4
2x+y=4
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118.

119.

120.

104

Find the x— and y—coefficients for the equation of
the line with right-hand-side equal to 12. Multiply
both sides of —2x+ y =4 by 3 to obtain 12 on the

right-hand-side.

2x+y=4
3(—2x+ y) = 3(4)
—6x+3y=12

The coefficients are —6 and 3.
We are given that the y —intercept is — 6 and the

slo eisl
p >

1
So the equation of the line is y = Ex - 6.

We can put this equation in the form ax+by = ¢ to

find the missing coefficients.

1
=—x-6
)

x=2y=12
Therefore, the coefficient of x is 1 and the
coefficient of y is —2.

a. f(x1+x2)=m(xl+x2)+b

=mx; +mx, +b

b, f(x)+f(x)
=mx, +b+mx, +b

=mx; +mx, +2b

C. no

121.

122.

123.

124.

125.

(8><10"7)(4><103)=32><10‘4
=@2xmjxm4
=32x107
5-[3(x—4)-6x]=5-[3x-12-6x]

=5-3x+12+6x
=3x+17

y=5=T7(x+4)
y—-5=Tx+28

y="Tx+33

7
+3=——(x-1
y 3u )

+3——lx+l
Y 3773
7 7
y+3-3=—Zx+--3
3 3
__7,.2
T3S
. x+4y-8=0
4y=-x+38
4y —x+8
4 4
1
=——x+2
YTy

1
The slope is ——.
P 4

1
——-m, =—1
4 "
1
—-m, =1
4™
m, =4

The slope of the second line is 4.
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2.5 Check Points

1. Slope = -2, passing through (4,-3)

Point-Slope Form
Y= =m(x—x1)
y—(-3)=-2(x-4)

y+3=-2(x—4)
Slope-Intercept Form
y+3= —2(x— 4)
y+3=-2x+8
y=-2x+5
f (x) =-2x+5

. a. Passing through (6,-3) and (2,5)
First, find the slope.

5-(3) 8
m= = —= —2
2-6 -4
Then use the slope and one of the points to write
the equation in point-slope form.

y=yn=m(x-x)
y-5=-2(x-2)
or
y—y =m(x—x)
y—(-3)=-2(x-6)
y+3=—2(x—6)

b. Slope-Intercept Form
y-5= —2(x - 2)
y=5=-2x+4

y=-2x4+9
f (x) =-2x+9

. First, find the slope.
_797-747 5
40-10 30
Then use the slope and one of the points to write the
equation in point-slope form.
Using the point (10, 74.7):
Yy=n =m(x—x1)
y—74.7=0.17(x-10)
y=0.17x+73
f(x)=0.17x+73
Next, since 2020 is 60 years after 1960, substitute
60 into the function: f(60) = 0.17(60)+ 73 =83.2.

This means that the life expectancy of American
women in 2020 is predicted to be 83.2 years.

=0.17

Section 2.5 The Point-Slope Form of the Equation of a Line

Answers vary due to rounding and choice of point.
If point (40, 79.7) is chosen, f(x)=0.17x+72.9

and the life expectancy of American women in 2020
is predicted to be 83.1 years.

4. Since the line is parallel to y =3x+1, we know it

will have slope m =3. We are given that it passes
through (-2,5). We use the slope and point to write

the equation in point-slope form.
Y=—n :m(x_xl)
y=5=3(x-(-2))

y=5= 3(x + 2)
Solve for y to obtain slope-intercept form.
y=5= 3(x + 2)
y=5=3x+6
y=3x+11
f)=3x+11

5. a. Solve the given equation for y to obtain slope-
intercept form.

x+3y=12
3y=—-x+12
1
=——x+4
Y773

Since the slope of the given line is —l, the

slope of any line perpendicular to the given line
is 3.

b. We use the slope of 3 and the point (-2,-6) to
write the equation in point-slope form.
Yy=n :m(x_xl)

y=(-6)=3(x-(-2)

y+6=3 (x + 2)
Solve for y to obtain slope-intercept form.
y+6=3(x+2)
y+6=3x+6

y=3x
f(x)=3x

2.5 Concept and Vocabulary Check
1. y—y, =mx—x))
2. equal/the same

3. -1
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4 - 1 4. Slope =8, passing through (—4,1)
5 Point-Slope Form
: y-1=8(x-(-4)
5 3 y—1=8(x+4)
Slope-Intercept Form
6. —4; —4 y—1=8x+32
| y=8x+33
7. 5; -2 f(x):8x+33

5. Slope = -4, passing through (-3,-2)
Point-Slope Form

Y= =m(x—x1)

2.5 Exercise Set

1. Slope = 3, passing through (2,5) y— (_2) - —4(x— (_3))
Point-Slope Form y+2=-4 (x + 3)
y—y =m(x—x) Slope-Intercept Form
y-5=3(x-2) y+2=-4(x+3)
Slope-Intercept Form y+2=—4x-12
~5=3(x-2) y=—dx-l4
Y f(x)=—4x-14
y=5=3x-6
y=3x-1 6. Slope = -6, passing through (-2,—4)
f (x) =3x-1 Point-Slope Form
—(—4)=-6(x—(-2
2. Slope =4, passing through (3,1) Y ( ) ( ( ))
Point-Slope Form yta= —6(x * 2)
B Slope-Intercept Form
y-1=4(x-3) y+4=—6x-12
Slope-Intercept Form y=—6x-16
y—1=4 (x - 3)
f (x) =-6x-16
y—1=4x-12
y=dx-11 7. Slope = -5, passing through (-2,0)

f(x)=4x-11 Point-Slope Form

3. Slope =5, passing through (-2,6) y=yi=m(x=x)

Point-Slope Form y=0=-5 (x - (_2))
y=y =m(x-x) y—-0=-5(x+2)
Slope-Intercept Form
-6=5(x—(-2
y=6=5(x-(-2) y=0=—5(x+2)
y—6=5(x+2) y=-5(x+2)
Slope-Intercept Form y=-5x-10
y—6=5(x+2) f(x)=-5x-10
y—6=5x+10
y=5x+16
f(x)=5x+16
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8. Slope = -4, passing through (0,-3) 11. Slope =1, passing through (0,0)
Point-Slope Form Point-Slope Form
y-(-3)=~4(x-0) v =m{x-x)

y+3=—4(x—0) y—0=%(x—0)
Slope-Intercept Form Slope-Intercept Form
y+3=—4x y=0=21(x-0)

y=—4x-3 y= %x
f(x)=—4x—3 f(x :%x

9. Slope = -1, passing through (—2,—%) 12. Slope =1, passing through (0,0)
Point-Slope Form Point-Slope Form

y=y =m(x-x) y=0=+(x-0)
y— (_%) =—1 (x - (_2)) Slope-Intercept Form
y+4i=-1(x+2) y=ix
Slope-Intercept Form f (x) = %x
y+%=—1(x+2) 13. SI _ 2 :
. Slope =-%, passing through (6,-4)
y +% =-x-2 Point-Slope Form
N—— y—y1=m(x—x1)
2 y=(-4)=-3(x~0)
f(x)z—x—% y+4=—%(x—6)

Slope-Intercept Form

__2
10. Slope = -1, passing through (—%,—4) y+4=-%(x-6)

|
o

y+4= x+4

Point-Slope Form

()=t o

X

W Lo w

y+4=—1(x+%)

Slope-Intercept Form 14.

- 1
y+td=-x—-7

Slope = —%, passing through (15,—4)
Point-Slope Form

=—x-—1_
o y=(4)=-3(x-13)

y=-x=§ y+4=-2(x-15)
flx)=-x-1F Slope-Intercept Form
y+4=-%x+6
y= —%x+2
f (x) = —%x +2
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15.

16.

17.

108

Passing through (6,3) and (5,2)
First, find the slope.
2-3 -1
m=——-=—= 1
5-6 -1
Then use the slope and one of the points to write the
equation in point-slope form.
Yy=—n =m(x—x1)
y-3= l(x - 6)
or
y-2= l(x - 5)
Slope-Intercept Form
y—2= l(x - 5)

Passing through (1,3) and (2,4)
First, find the slope.

4-—

2-1 1
Then use the slope and one of the points to write the
equation in point-slope form.
y—4=1(x-2) or y-3=1(x-1)
Slope-Intercept Form
y—4=1x-2

y=x+2

f(x)=x+2

Passing through (-2,0) and (0,4)
First, find the slope.
4-0 4

S0-(-2) 2
Then use the slope and one of the points to write the
equation in point-slope form.

Yy=—n =m(x—x1)
y—4= 2(x - O)
or
y=0=2(x-(2))
y—0=2(x+2)
Slope-Intercept Form
y-0=2(x+2)
y=2x+4
f(x)=2x+4

18.

19.

20.

Passing through (2,0) and (0,-1)
First, find the slope.
“1-0 -1
0-2 -2 2
Then use the slope and one of the points to write the
equation in point-slope form.

y—0=%(x—2) or y—(—1)=%(x—0)

m=

1
y+1—5(x—0)
Slope-Intercept Form
Y= 2x
7(0)=3x-1
x)= 2x

Passing through (-6,13) and (-2,5)

First, find the slope.

= 5-13 -8 :—_8:_2

-2-(-6) -2+6 4

Then use the slope and one of the points to write the

equation in point-slope form.

Y=—n =m(x—x1)
y=5=2(s-(2)
y=5=-2(x+2)

or

y-13=-2(x—(-6))

y—13= —2(x+6)

Slope-Intercept Form

y—13= —2(x+6)

y—13=-"2x-12
y==-2x+1
f(x)=—2x+1

Passing through (=3,2) and (2,-8)
First, find the slope.
_ —=8-2 -10 -10
T2-(-3) 243 5
Then use the slope and one of the points to write the
equation in point-slope form.

y—(-8)=-2(x-2)

y+8:—2(x—2)
or

y—2=—2(x—(—3))

y—2=—2(x+3)

Copyright © 2017 Pearson Education, Inc.



21.

22,

Slope-Intercept Form
v=(=8)=-2(x-2)

y+8=-2x+4
y=-2x-4
f(x)=—2x—4

Passing through (1,9) and (4,-2)
First, find the slope.
_2-9_-1_ 1
41 33
Then use the slope and one of the points to write the
equation in point-slope form.
Y=y =m(x—x1)

y=(2)=-5(x-9)

y+2=—1—31(x—4)
or
y—9=—1—31(x—1)

Slope-Intercept Form

-9=-—(x-1
y s (1)
y—9=—1—31)c-i-1—31
1,3
SR
f(x)——l—;x+3—38

Passing through (4,-8) and (8,-3)
First, find the slope.
-3-(-8) -3+8 5
m= = = —
8-4 4 4
Then use the slope and one of the points to write the
equation in point-slope form.

y= (=3x8

y+3=%(x—8)

Section 2.5 The Point-Slope Form of the Equation of a Line

23.

24,

Slope-Intercept Form
5
+3=—x-10
YUY

5
=Zx-13
y=,%

f(x)z%x—l?a

Passing through (-2,-5) and (3,-5)
First, find the slope.

") _0_,

3-(-2) 5
Then use the slope and one of the points to write the
equation in point-slope form.

Yy=—n :m(x—xl)

y- (—5) = O(x— 3)

y+5=0(x-3)
or
y=(-5)=0(x~(-2))
y+5=0(x+2)
Slope-Intercept Form

y+5= O(x + 2)

y+5=0
y=-5

f(x)=—5

Passing through (-1,-4) and (3,-4)
First, find the slope.
—4—(—
me 22 _0_g
3-(-1) 4
Then use the slope and one of the points to write the
equation in point-slope form.
y=(-4)=0(x~(-)
y+4=0 (x + 1)
or
y—(-4)=0(x-3)
y+4=0(x-3)
Slope-Intercept Form
y+4=0
y=-4
f(x)=—4
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25.

26.

217.

110

Passing through (7,8) with x —intercept = 3
If the line has an x — intercept = 3, it passes through
the point (3,0).
First, find the slope.
&8-0 8
m=—-=—=
7-3 4
Then use the slope and one of the points to write the
equation in point-slope form.
Y= :m(x—xl)

y—0=2(x—3)
y—0=2(x—3)
or
y-8=2(x-17)
Slope-Intercept Form
y—-8=2(x-7)
y—-8=2x-14
y=2x—-6
f(x)=2x—6

Passing through (—4,5) and with y-intercept = -3
If the line has a y-intercept = -3, it passes through
(0.-3).
First, find the slope.
_ —3-5 -8 -8
T0-(—4) 0+4 4
Then use the slope and one of the points to write the
equation in point-slope form.
y—(-3)=-2(x-0)
y+3=-2 (x - 0)
or
y=5=-2(x—(-4))
y=5=-2 (x + 4)
Slope-Intercept Form
y+3=-2x

y=—2x-3
f(x)=—2x—3

x-intercept =2 and y-intercept = —1

If the line has an x-intercept = 2, it passes through

the point (2,0). If the line has a y-intercept = -1,

it passes through (O,—l).

First, find the slope.
10

1
m — ==

S 0-2 =2 2

28.

Then use the slope and one of the points to write the
equation in point-slope form.

Y= :m(x_xl)

y—0=%(x—2)
y=(-1)=5(x-0)
y+1=%(x—0)

Slope-Intercept Form
y=(-1)=3(x-0)

1
+l1=—x
YR

1
=—x-1
Y73

x-intercept = -2 and y-intercept = 4
If the line has an x-intercept = —2, it passes through
the point (—2,0). If the line has a y-intercept = 4,
it passes through (0,4).
First, find the slope.

4-0 4

S0-(-2) 2
Then use the slope and one of the points to write the
equation in point-slope form.
y—4=2(x-0)

or
y-0=2(x-(-2))
y—0=2(x+2)
Slope-Intercept Form
y—4=2x
y=2x+4
f(x)=2x+4

29. For y=5x, m=5.

a. A line parallel to this line would have the same
slope, m=35.

b. A line perpendicular to it would have slope
1

m=-—

5
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30.

31.

32,

33.

34.

35.

36.

a. Parallel: m =3
. 1
b. Perpendicular: m = 3

For y=-7x, m=-7.

a. A line parallel to this line would have the same
slope, m=—7.

b. A line perpendicular to it would have slope
m=—.
7

a. Parallel: m=-9

b. Perpendicular: m :é

1 1
For y:5x+3, mzz.

a. A line parallel to this line would have the same

slope !
L, m=—.
P 2

b. A line perpendicular to it would have slope
m=-2.

a. Parallel: m= l
4
b. Perpendicular: m =-—4
For y:—%x—l, m=—-=.
5 5

a. A line parallel to this line would have the same

slope, m=——.
P 5

b. A line perpendicular to it would have slope
5

m=—

5
3
a. Parallel: m= —7

b. Perpendicular: m =%

Section 2.5 The Point-Slope Form of the Equation of a Line

37.

38.

39.

40.

To find the slope, we rewrite the equation in slope-
intercept form.

dx+y=17
y=—4x+7
So, m =—4.

a. A line parallel to this line would have the same
slope, m = —4.

b. A line perpendicular to it would have slope

m=—

R
8x+y=11
y=-8x+11

a. Parallel: m=-8
. 1
b. Perpendicular: m = 3

To find the slope, we rewrite the equation in slope-
intercept form.

2x+4y=38
4y=-2x+8
1
=——x+2
T
So, m:—l.
2

a. A line parallel to this line would have the same

slope, m=——.
P 2

b. A line perpendicular to it would have slope

m=2.
3x+2y=6
2y=-3x+6
3
=——x+3
Y7

a. Parallel: m= —%

b. Perpendicular: m=§
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41. To find the slope, we rewrite the equation in slope-
intercept form.

2x=3y=5
—3y=-2x+5
2 5
=33

So, ng.

3

a. A line parallel to this line would have the same

slope 2
L, m=—.
P 3

b. A line perpendicular to it would have slope

42, 3x-4y=-7

—4y=-3x-17
3,47
YTy

a. Parallel: m:%

b. Perpendicular: m = —%

43. We know that x = 6 is a vertical line with
undefined slope.

a. A line parallel to it would also be vertical with
undefined slope.

b. A line perpendicular to it would be horizontal
with slope m = 0.

44. y =9 is a horizontal line with slope m = 0.
a. Parallel: m=0

b. Perpendicular: m is undefined

45. Since L is parallel to y = 2x, we know it will have

slope m =2. We are given that it passes through
(4, 2). We use the slope and point to write the
equation in point-slope form.

Y=n =m(x—x1)
y—=2=2(x—4)
Solve for y to obtain slope-intercept form.
y—2=2(x—4)
y—2=2x-8
y=2x—-6
In function notation, the equation of the line is
f (x) =2x-6.

46. L will have slope m =—2. Using the point and the
slope, we have y—4= —2(x - 3). Solve for y to

obtain slope-intercept form.

y—4=-2x+6
y=-2x+10
f(x)=-2x+10

47. Since L is perpendicular to y = 2x, we know it will

1 . .
have slope m = ——. We are given that it passes

through
(2,4). We use the slope and point to write the
equation in point-slope form.

Y=N =m(x—x1)
1
—4=—=(x-2
y 5(x-2)
Solve for y to obtain slope-intercept form.

y—4=—%(x—2)
y—4=—%x+1

1
y=—-—x+5
2
In function notation, the equation of the line is

f(x) = —%x+5.
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48.

49.

50.

51.

1
L will have slope m = 7 The line passes through

(-1, 2). Use the slope and point to write the
equation in point-slope form.

y=2=3(x=(-1)
y—2=%(x+1)

Solve for y to obtain slope-intercept form.

o
gyt
YTEERETY
11
=—x+—+2
Y=L,
1.3
Y=,
15
=—X+—
flx)=Zx+7

Since the line is parallel to y = —4x+3, we know it

will have slope m = —4. We are given that it passes
through (-8, —10). We use the slope and point to
write the equation in point-slope form.

Y=—n =m(x—x1)
y=(-10) =4 (sx- (-5))

y+10=—4(x+38)
Solve for y to obtain slope-intercept form.
y+10= —4(x+8)
y+10=-4x-32

y=-4x-42

In function notation, the equation of the line is
f(x)=-4x—-42.

L will have slope m = —5. The line passes through
(=2, -7). Use the slope and point to write the
equation in point-slope form.

y=(-7)=-5(x-(-2))
y+7=—5(x+2)

Solve for y to obtain slope-intercept form.
y+7=-5x-10

y=-5x-17
f(x)=-5x-17

. . . 1
Since the line is perpendicular to y = gx +6, we

know it will have slope m =—-5. We are given that
it passes through (2, -3). We use the slope and
point to write the equation in point-slope form.

Section 2.5 The Point-Slope Form of the Equation of a Line

52.

53.

Y=y =m(x—x1)

y—(-3)=-5(x-2)

y+3=-5 (x - 2)
Solve for y to obtain slope-intercept form.
y+3=-5 (x - 2)
y+3=-5x+10

y=-5x+7
In function notation, the equation of the line is
f(x)==5x+7.

L will have slope m = —3. The line passes through
(—4,2). We use the slope and point to write the
equation in point-slope form.

y=2=-3(x—(-4))
y—2=-3(x+4)

Solve for y to obtain slope-intercept form.
y—2=-3x-12

y=-3x-10
f(x)=—3x—10

To find the slope, we rewrite the equation in slope-
intercept form.

2x-3y=7
=3y=-2x+7
2 17
T3NS

2 7
Since the line is parallel to y = Ex 3 we know it

will have slope m = % We are given that it passes

through (-2, 2). We use the slope and point to write
the equation in point-slope form.

Y=y =m(x—xl)
y-2=§(x—(—2))
y—2=§(x+2)

Solve for y to obtain slope-intercept form.

y—2=—(x+2)

In function notation, the equation of the line is

2
f(x)=§x+—.
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54.

55.

114

Find the slope.
3x-2y=5
—2y=-3x+5
3 5
YT

Since the lines are parallel, it will have slope
m= % The line passes through (-1, 3 ). Use the

slope and point to write the equation in point-slope
form.

r=3=3(=(-1)

3
-3=—(x+1
y=3=2(x+1)
Solve for y to obtain slope-intercept form.
—3= ix + E
YT

To find the slope, we rewrite the equation in slope-
intercept form.

x=2y=3
—2y=-x+3
1 3
=3y

1
Since the line is perpendicular to y = Ex - %, we

know it will have slope m =—2. We are given that
it passes through (4, —7). We use the slope and
point to write the equation in point-slope form.
Y—n :m(x_xl)
y—(-7)=-2(x-4)
y+7=-2(x-4)

Solve for y to obtain slope-intercept form.

y+7=-2(x-4)
y+7=-2x+8
y=-2x+1

In function notation, the equation of the line is
f(x)==2x+1

56.

57.

58.

59.

Find the slope.
x+7y=12
Ty=—x+12
y= ——x+£
7 7

Since the lines are perpendicular, the slope is m = 7.
The line passes through (5, —-9). Use the slope and
point to write the equation in point-slope form.

y=(-9)=7(x-5)

y+9=7 (x - 5)
Solve for y to obtain slope-intercept form.
y+9=7 (x - 5)

y+9=7x-35
y=T7x-44
f(x)=7x—44

Since the line is perpendicular to x =6 whichis a
vertical line, we know the graph of f is a horizontal

line with O slope. The graph of f passes through
(—1,5) , so the equation of f is f(x) =5.

Since the line is perpendicular to x =—4 whichisa
vertical line, we know the graph of f is a horizontal

line with O slope. The graph of f passes through
(—2,6) , so the equation of f is f(x)=6.

First we need to find the slope of the line with
x — intercept of 2 and y —intercept of —4. This
line will pass through (2,0)and (0,—4). We use
these points to find the slope.
—4— -
—4-0_—4_,
0-2 =2
Since the graph of f is perpendicular to this line, it

m=

will have slope m = —%.

1
Use the point (—6,4) and the slope =3 to find the

equation of the line.
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yot==3 (=)
y—4——%(x+6)
y—4=—%x—3
y=—lx+1
f(x)z—lx+1
2

60. First we need to find the slope of the line with
x —intercept of 3 and y —intercept of —9. This

line will pass through (3, O) and (0, —9). We use
these points to find the slope.
-9-0 -9
m=—=—=
0-3 3
Since the graph of f is perpendicular to this line, it

will have slope m = —%.

Use the point (-5,6) and the slope —% to find the

equation of the line.
Y=—n :m(x_xl)

y-6=—§ﬁ-bﬁﬁ

1 5
—h=——x-—=
g 3773
-1 B
R
1 13
X)=——x+—
£ ) 3 3
61. First put the equation 3x —2y = 4 in slope-intercept
form.
3x-2y=4
—2y=-3x+4
3
=—x-2
y > X

2
The equation of f will have slope 3 since it is

perpendicular to the line above and the same
y —intercept —2.

So the equation of fis f (x) = —%x -2.

Section 2.5 The Point-Slope Form of the Equation of a Line

62. First put the equation 4x — y = 6in slope-intercept

form.
4x-y=6
-y=-4x+6
y=4x-6

1
The equation of f will have slope ) since it is

perpendicular to the line above and the same
y — intercept —6.
1

So the equation of fis f (x) = —Zx - 6.

63. The graph of f is just the graph of g shifted down
2 units. So subtract 2 from the equation of g (x) to
obtain the equation of f(x).
f(x)=g(x)-2=4x-3-2=4x-5

64. The graph of f is just the graph of g shifted up 3
units. So add 3 to the equation of g (x) to obtain
the equation of f (x).
f(x)= g(x)+3= 2x—5+3=2x-2

65. To find the slope of the line whose equation is
Ax + By = C, put this equation in slope-intercept

form by solving for y.

Ax+By=C
By=-Ax+C
y=——x+—

B B

A
The slope of this line is m = sy so the slope of the

. . .. A
line that is parallel to it is the same, —E.

66. From exercise 65, we know the slope of the line is

—%. So the slope of the line that is perpendicular

would be E
A
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67. a. First, find the slope using (20,38.9) and 69. a/b. Number of Smartphones Sold
in the United States
(30,47.8). g y
=]
=47'8_38'9=Q=0.89 £2 300
30-20 10 ; £ /
Then use the slope and one of the points to write s E /
the equation in point-slope form. ; = 150 /
A ]
y=y =m(x-x) ém ‘7("
z 0 5 0 x

y—47.8=0.89(x—-30)
or
y—38.9=0.89(x—20)

Years after 2004

Use the two points (1, 40.8) and

b. y-47.8=0.89(x-30) (6,296.6) to find the slope.

y—47.8=0.89x—26.7 = 296.6 —40.8 _ 255.8 ~5116
y=0.89x+21.1 6-1 5 .
Then use the slope and one of the points
f(x)=0.89x+21.1 to write the equation in point-slope form.

Y= =m(x—x1)

. f(40)=0.89(40)+21.1=56.7
¢ J(40) o y-40.8=51.16(x~1)

The linear function predicts the percentage of

never- married American females, ages 25 — 29, or
to be 56.7% in 2020. y—296.6 = 51.16(x—6)
) ] ) Solve for y to obtain slope-intercept form.
68. a. First, find the slope using (20,51.7) and y—408= 51.16(x _ 1)
(30,62.6). y—40.8=51.16x—51.16
:62.6—51.7:10_9:1-09 y=51.16x-10.36
30-20 f(x)=51.16x-10.36

Then use the slope and one of the points to write
the equation in point-slope form.

Y= :m(x_xl)
y—62.6=1.09(x-30)

c. f(x)=51.16x-10.36
fa1)=51.16(11)-10.36

=5524
or The function predicts that 552.4 million
y-51.7= 1.09(x - 2()) smartphones will be sold in 2015.
70. a/b. Number of U.S. Lawsuits by
b. y-62.6=1.09 (x - 30) Smartphone Companies for
y—62.6=1.09x—32.7 Competitors Stealing Patents
y
y=1.09x+29.9
2z 100 )’
f(x) =1.09x+29.9 E
z
3 /
c. f (35) =1.09(35) +29.9 = 68.05 “f 50
The linear function predicts the percentage of 'qé /,/
never-married American males, ages 25 — 29, to Z /
be 68.05% in 2015. 0 5 10 ~
Years after 2004

Use the two points (3,49) and (6,97) to
find the slope.
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71.

72.

m:97—49:ﬁ:16

6-3 3
Then use the slope and one of the points
to write the equation in point-slope form.

Y= =m(x—x1)
y—49 = 16(x—3)
or
y—97=16(x—6)
Solve for y to obtain slope-intercept form.
y—49 =16(x-3)
y—49 =16x-48
y=16x+1
f(x)=16x+1

f(x)=16x+1
fd2)y=16(12)+1
=193
The function predicts that there will be

193 lawsuits by Smartphone companies
for patent infringement in 2016.

e 970-582 383

2016-2007 9
The cost of Social Security is projected to
increase at a rate of approximately $43.1 billion
per year.

=43.1

909446 _ 463

m=——=

2016-2007 9
The cost of Medicare is projected to increase at a
rate of approximately $51.4 billion per year.

=514

. No, the slopes are not the same. This means that

the cost of Medicare is projected to increase at a
faster rate than the cost of Social Security.

= 970-582 388

2016-2007 9
The cost of Social Security is projected to
increase at a rate of approximately $43.1 billion
per year.

=43.1

m:M:ﬂ: 21.9
2016—-2007 9

The cost of Medicaid is projected to increase at a
rate of approximately $21.9 billion per year.

. No, the slopes are not the same. This means that

the cost of Social Security is projected to
increase at a faster rate than the cost of
Medicaid.

Section 2.5 The Point-Slope Form of the Equation of a Line

73.-79. Answers will vary.

80. a. Answers will vary.
NORHAL FLOAT AUTO REAL RADIAN MP [

10
A
-10

b. Answers will vary.
NORMAL FLOAT AUTO REAL RADIAN MP n

10

|

—16.1 16.1

B

-10

81. a. Answers will vary.
NORMAL FLOAT AUTO REAL RADIAN MP

0

Li(1)=0)

b. Answers will vary.
NORMAL FLOAT AUTO REAL RADIAN MP n

300 o
o
o
o
250 7
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c. Answers will vary.

NORMAL FLOAT AUTO REAL RADIAN MP n

y=ax+b

a=42.31428571
=-10.71428571

r2=.8966825701

r=.9469332448

d. Answers will vary. 83.

NORMAL FLOAT AUTO REAL RADIAN MP n
84.

300 o
8.
g 86.
i

d. Answers will vary.
NORMAL FLOAT AUTO REAL RADIAN MP n

makes sense
makes sense
makes sense
does not make sense; Explanations will vary.

Sample explanation: If we know the slope and the y-
intercept, it may be easier to write the slope-

oy intercept form of the equation.
) 87. true
82. a. Answers will vary.
NORMAL FLOAT AUTO REAL RADIAN MP 88. true
89. true
90. true
91. By=8x-1
= Ex -1
L11)=0 y B
. . 8 .
b. Answers will vary. Since — is the slope, — must equal —2.
NORMAL FLOAT AUTO REAL RADIAN MP n
8
— =2
B
8§=-2B
—-4=8B

92,

c. Answers will vary.
NORMAL FLOAT AUTO REAL RADIAN MP

y=ax+b
a=11.14285714
b=18.71428571
r2=,8676554478
.r=.9314802455

The slope of the line containing (1,—3) and (-2,4)

has slope
4-(-3) 4+3 71 7

m=—————-= —=-—.

2-1 3 3 3
Solve Ax+ y =2 for y to obtain slope-intercept

form.
Ax+y=2
y=—Ax+2

So the slope of this line is —A.
This line is perpendicular to the line above so its

slope is 2 Therefore, —A=§ so A= —2.
7 7 7
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93. Find the slope of the line by using the two points,

9.

(-3,0), the x — intercept and (0,—6), the
y — intercept.
_ —6-0 -6
T0-(-3) 3
So the equation of the lineis y=-2x-6.
Substitute —40 for x:
y= —2(—40)—6 =80-6=74
This is the y — coordinate of the first ordered pair.
Substitute —200 for y:

-2

-200=-2x-6
—194 = -2x
97 =x
This is the x — coordinate of the second ordered
pair.

Therefore, the two ordered pairs are (—40,74) and
(97,-200).

First find the slope.
b-0 b b
m= =—=

" 0-a -a a
Use the slope and point to write the equation in
point-slope form.

y—bz—é(x—O)
a

Solve this equation for y to obtain slope-intercept

form.
b
y—-b=—-—x
a
b
y=——x+b
a
Divide both sides by b.
Yot
b a
£+l = 1
a b

This is called intercept form because the variable x
is being divided by the x — intercept, a, and the
variable y is being divided by the y —intercept, b.

95. f(-2)=3(-2)* -8(-2)+5

=3(4)+16+5
=12+16+5=33

Section 2.5 The Point-Slope Form of the Equation of a Line

96. f(-1)=(-1)°=3(-1)+4=1+3+4=8
g(-1)=2(-1)-5=-2-5=-7
(£2)(=1)=(£)(=1)-(g)(-1) =87 =56

97. Let x = the measure of the smallest angle.
x + 20 = the measure of the second angle.
2x = the measure of the third angle.

x+(x+20)+2x =180
x+x+20+2x=180
4x+20=180
4x =160
x=40
Find the other angles.
x+20=40+20=060
2x =2(40) =80
The angles are 40°, 60°, and 80°.

98. a. 2x—y=—4
2(=5)—-(-6)=-4
-10+6=-4

-4 =-4, true

The point satisfies the equation.

b. 3x-5y=15
3(-5)-5(-6)=15
-15+30=15

15=15, true

The point satisfies the equation.

99. The graphs intersect at (3,—4).

yiA dx—3y=24
2 /
/8 x
/
’(39_4)
/
7/
y=—-x-1

100. 7x-2(2x+4)=3
Tx+4x-8=3
11x-8=3
1lx=11
x=1
The solution set is {1}.
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Chapter 2 Review

1.

6.

120

The relation is a function.
Domain {3, 4, 5}
Range {10}

The relation is a function.
Domain {1, 2, 3, 4}
Range {-6, 7, 12, 100}

The relation is not a function.
Domain {13, 15}
Range {14, 16, 17}

. a f(0)=7(0)-5=0-5=-5
b. f(3)=7(3)-5=21-5=16
c. f(-10)=7(-10)-5=-75

d. f(2a)=7(2a)-5=14a-5

e. f(a+2)=7(a+2)—5

7.

10.

11.

12.

=T7a+14-5=Ta+9

a. g(0)=3(0)"-5(0)+2=2

b. g(5)=3(5-5(5)+2
=3(25)-25+2
=75-25+2=52

13.

14.

15.

16.

c. g(-4)=3(-4)" -5(-4)+2=70

d. g(b)=3(b) -5(b)+2
=3b> -5b+2

e. g(4a)=3(4a)’ —5(4a)+2

- 3(16a2)—20a+2
=48a* —20a+2

17.

18.

19.

g shifts the graph of fdown one unit.

fy =2

g)=+"—-1y

(_2’ 4) RS \ -" (27 4)
(=2,3) = L-(2,3)
(-1, 1,1
(Lo~ YN X

@, -1y = EYH

g shifts the graph of fup two units.
(_L 3) (_23 4)y (25 4) (la 3)
\

N

- (2,2)
— 1,1

A\

(=2,2)
(-1,1)

5 x

=
I
N

J) = o
g(x) = | +2

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is the graph of
a function.

The vertical line test shows that this is the graph of
a function.

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is not the graph
of a function.

The vertical line test shows that this is the graph of
a function.

f(=2)=-3

F(0)=-2

When x =3, f(x) = -5.
The domain of f is [-3,5).
The range of f is [-5,0].

a. The eagle’s height is a function of its time in
flight because every time, ¢, is associated with at
most one height.

b. f(15)=0
At time 7 = 15 seconds, the eagle is at height

zero. This means that after 15 seconds, the eagle
is on the ground.

c. The eagle’s maximum height is 45 meters.

d. Forx =7 and 22, f(x)=20. This means that

at times 7 seconds and 22 seconds, the eagle is at
a height of 20 meters.
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20.

21.

22,

23.

24.

25.

26.

27.

28.

e. The eagle began the flight at 45 meters and
remained there for approximately 3 seconds. At
that time, the eagle descended for 9 seconds. It
landed on the ground and stayed there for 5
seconds. The eagle then began to climb back up
to a height of 44 meters.

The domain of f is (—oo,00).
The domain of f is (—oo,—8) or (=8, ).

The domain of f is (—o0,5) or (5,0).

a. (f+g)(x)=(4x—5)+(2x+l)

=4x—-5+2x+1
=6x—-4
b. (f+g)(3)=6(3)—4
=18-4=14
a. (f+g)x

=(5x2—x+4)+(x—3)

=5x" —x+4+x-3=5x2 +1

b. (f+g)3)=503)+1=5(9)+1
=45+1=46

The domain of f + gis (—oo,4) or (4,0) .

The domain of f + gis
(=o0,=6) or (=6,~1) or (=1,°).

f(x)=x2—2x, g(x)=x-5
(f+g)(X)=(x2—2x)+(x—5)
=x*-2x+x-5
=x’-x-5
(f+8)(=2)=(-2)" -(-2)-5
=4+2-5=1
From Exercise 27 we know
(f+g)(x)= x> —x—5. We can use this to find
r(3)+2(3).
F3)+e(3)=(f+2)(3)
=(3)'-(3)-5

=9-3-5=1

29.

30.

31.

32.

33.

34.

Chapter 2 Review Exercises

f(x)=x*-2x, g(x)=x-5
(f—g)(x)z(xz—Zx)—(x—S)
=x?-2x-x+45
=x*>-3x+5
(f—g)(x)=x2—3x+5
(f-g)=(1)=3(1)+5
=1-3+5=3

From Exercise 29 we know
(f —g)(x)=x*=3x+5. We can use this to find

f(4)-g(4).
f(4)-g(4)=(f-2)4)
= (4)* -3(4)+5
=16-12+5=9
Since (fg)(-3) = f(-3)- g
g(-3) first.
F3)=(-3)" -2(-3)

=9+6=15
g(-3)=-3-5=-8

(f8)(=3)=f(-3) 8(-3)
=15(-8)=-120

(-3), find f(-3) and

f(x)=x*-2x, gx)=x-5

i x?—2x
(gj(x)_ 5

(1](4)(); -2(4) _16-8

g -5 -1

:—:—8
-1

(f—g)(x) =x?-3x+5
The domain of f — g is (—oo,o0).

f Xt -2x
(]()xS

The domain of L is (—o0,5) or (5,0).
8
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35.

36.

122

x+2y=4
Find the x—intercept by setting y = 0 and the y—
intercept by setting x = 0.

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

Choose another point to use as a check.
Letx=1.

1+2y=4
2y=3
_3
72
x+2y=4y
HH
\092)__
1
i
4,0) 6
2x-=3y=12

Find the x—intercept by setting y = 0 and the y—
intercept by setting x = 0.

2x-3(0)=12 2(0)-3y=12
2x+0=12 0-3y=12
2x=12 “3y=12
x=6 y=-4

Choose another point to use as a check.
Letx=1.

2(1)-3y=12
2-3y=12
—3y=10
10
3
yp 23y =12

y:

\
p—-—
A
|
-
-’

37. 4x=8-2y

38.

39.

40.

41.

42,

Find the x—intercept by setting y = 0 and the y—
intercept by setting x = 0.

4x=8-2(0) 4(0)=8-2y
4x=8-0 0=8-2y
4x=28 2y=38
x=2 y=4
Choose another point to use as a check. Letx=1.
4(1)=8-2y
4=8-2y
—4=-2y
2=y
4x=8-2y Y
(0, 4)
2,0
0x
_2-(4) _6_
T 5-2 3

The line through the points rises.

3-(-3) 6 2

m= ==
-2-7 -9 3
The line through the points falls.
2—(-1
2= 3
3-3 0

m is undefined. The line through the points is
vertical.

4-4 0
= =—=
"TEoE) T 2

The line through the points is horizontal.

y=2x-1
m=2 y —intercept = —1
y=2x—-1Y
m=2
5ix
@
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43.

44.

45.

46.

47.

f(x)=—%x+4

m=—— y —intercept = 4

4
N0, 9
et PN
5 x

y —intercept = 0

o 2

\

3
Il
\ |03 | o

\

To rewrite the equation in slope-intercept form,
solve for y.

2x+y=4
y=-2x+4
m=-2 y —intercept = 4
—3y=>5x
5.
Y773
5 .
m= 3 y —intercept = 0
5x+3y=6
3y=-5x+6
5
=——x+2
S
5 .
m= -3 y — intercept = 2

Chapter 2 Review Exercises

48. y=2
yi
51x
49. 7y=-21
=-3
yYi
5 x
50. f(x)=-4
y=-4
yi
5 x
51. x=3
yi
5 x
52. 2x=-10
x=-5
y
X

53. In f(t)=—0.27t+70.45, the slope is —0.27 . A

slope of —0.27 indicates that the record time for the
women’s 400-meter has been decreasing by 0.27
seconds per year since 1900.
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Chapter 2 Functions and Linear Functions

1163-617 546
m= =2

1998-1994 4
There was an average increase of approximately
137 discharges per year.

54. a =137

623-1273  -650

m= =

2006 - 2001 5
There was an average decrease of approximately
130 discharges per year.

=-130

55. a. Find the slope of the line by using the two points
(0, 32) and (100,212).
212-32 180 9
100-0 100 5
We use the slope and one of the points to write
the equation in point-slope form.

y=—N :m(x—xl)

y—32=2(x—0)
5
9
-32=—x
Y 5
9
=—x+32
Y75
F=2C+32
5
b. Let C =30.

F =§(30)+32= 54+32 =286
The Fahrenheit temperature is 86° when the
Celsius temperature is 30° .
56. Slope = -6, passing through (=3,2)
Point-Slope Form
Y= :m(x_xl)
y=2=-6(x—(-3))

y—2=-6(x+3)
Slope-Intercept Form
y-2= —6(x+ 3)
y—2=—-6x-18
y=-6x-16
f(x)=—-6x-16

57. Passing through (1,6) and (-1,2)
First, find the slope.
6-2 4

58.

59.

Then use the slope and one of the points to write the
equation in point-slope form.

Y= :m(x_xl)
y—6=2(x—1)
Y=n :m(x_xl)
y=2=2(x—(-1))

y—2=2(x+1)
Slope-Intercept Form
y—6=2(x—1)
y—6=2x-2
y=2x+4
f(x)=2x+4

Rewrite 3x+ y =9 in slope-intercept form.
3x+y=9

y=-3x+9
Since the line we are concerned with is parallel to
this line, we know it will have slope m =-3. We
are given that it passes through (4, —7). We use the

slope and point to write the equation in point-slope
form.

Y=y =m(x—x1)

y=(7)==3(x=4)

y+7=-3(x-4)
Solve for y to obtain slope-intercept form.
y+7==-3(x-4)
y+7=-3x+12

y=-3x+5
In function notation, the equation of the line is
f (x) =-3x+5.

1
The line is perpendicular to y = gx +4, so the

slope is —3. We are given that it passes through
(-2, 6). We use the slope and point to write the
equation in point-slope form.
Y=—n :m(x_xl)

y=6=3(x=(2)

y—6= —3(x + 2)
Solve for y to obtain slope-intercept form.
y—6= —3(x + 2)
y—6=-3x-6
y=-3x

In function notation, the equation of the line is

f(x) =-3x.
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Chapter 2 Test

60. a. First, find the slope using the points 7. The vertical line test shows that this is not the graph
(2,28.2) and (4,28.6). of a function.
28.6-282 04
=———=—=0.2 =—
1o > 8. f (6) 3
Then use the slope and one of the points to write
the equation in point-slope form. 9. f (x) =0 when x=-2 and x=3.

Y—n =m(x—x1)

y—282=02(x-2)

or 11. Therange of f is (—oo,3].
y—28.6=0.2(x—4)

10. The domain of f is (—oo,o0).

12. The domain of f is (—ee,10) or (10,e0).
b. Solve for y to obtain slope-intercept form.

y—282=02(x-2) 13. f(x)=x>+4x and g(x)=x+2
U (f +8)(x)=F(x)+2(x)

F(x)=02x+27.8

(x2 +4x)+(x+2)

¢ f(x)=02x+2738 X +4x+x+2

f(1)=0.2(12)+27.8 =2 4554+2
=302 ,

The linear function predicts men’s average age (f+8)(3)=(3) +5(3)+2

of first marriage will be 30.2 years in 2020. =9+154+2=26

14. f(x)=x2+4x and g(x)=x+2

(f =g)(x)= f(x)-g(x

Chapter 2 Test )
(x + 4x) (x + 2)

1. The relation is a function.
Domain {1, 3, 5, 6}
Range {2, 4, 6}

W +4x—x-2

2. The relation is not a function. =x?+3x-2
Domain {2, 4, 6} = (=1 +3
Range {1, 3,5, 6} ( )( ):E ; :( )

3. fla+4)=3(a+4)-2

15. We know that (fg)(x)= f(x)-g(x). So, to find
=3a+12-2=3a+10

(fg)(-5), we use f(-5) and g(-5).
4. f(-2)=4(-2)" -3(-2)+6 £(=5)=(-5)" +4(-5)=25-20=5
=4(4)+6+6=16+6+6=28 g(-5)=-5+2=-3
(f8)(=5)=f(-5)-8(-5)

5. g shifts the graph of fup 2 units.
= 5( 3) =-15

g =x2+1

f@=x-1Y

(-2,5) 7 125 16. (x) = +4x and g(x) =x+2

( 23)__ = - //(293)

(_1,2) N\ AT 1,2 f (x) = X% +4x

’ 4—(1,0) g x+2
-L0O)—1= 5x W) 44 12
-1 D L= _4+8 12,
g 2+2 4 4

6. The vertical line test shows that this is the graph of

a function.
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17. Domain of L is (—oo,—2) or (=2, 0).
8

18. 4x-3y=12
Find the x—intercept by setting y = 0.

4x - 3(0) =12
4x=12
x=3
Find the y-intercept by setting x = 0.
4(0)-3y=12
-3y=12
y=-4
4x—3y=12 y
SH-H-H
3, 0),72
- / X
(0, —4) ¢: SR
N
1
19. f(x) = —Ex-i- 2
1 .
m= 3 y — intercept = 2
1
yy S = —§x+2
51+
(0, 2)
P (6, 0)"]
N~ |
& x
20. f(x)=4
y=4
An equation of the form y = b is a horizontal line.
Jo)y=4 Y
5x
21. m= ﬂ — i — _l
1-5 4 2

The line through the points falls.

22,

23.

24.

25.

26.

4-4 0
m is undefined
The line through the points is vertical.

V(10) =3.6(10)+140

=36+140=176
In the year 2005, there were 176 million Super
Bowl viewers.

The slope is 3.6. This means the number of Super
Bowl viewers is increasing at a rate of 3.6 million
per year.

Passing through (—1,-3) and (4,2)
First, find the slope.
2-(-3) 5
=—-F=—=1
4 - (—1) 5
Then use the slope and one of the points to write the
equation in point-slope form.
Y=—n =m(x—x1)
y=(-3)=1(x=(-1)
y+3=1(x+1)
or
y-2= l(x - 4)
y—2=x-4
Slope-Intercept Form
y—2=x-4
y=x-2
In function notation, the equation of the line is

f(x)zx—Z.

The line is perpendicular to y = —%x —4, so the
slope is 2. We are given that it passes through
(—2,3) . We use the slope and point to write the
equation in point-slope form.
Y=—n =m(x—x1)

y-3=2(x-(-2))

y-3=2(x+2)
Solve for y to obtain slope-intercept form.
y-3= 2(x + 2)
y—=3=2x+4

y=2x+7

In function notation, the equation of the line is
f(x)=2x+7.
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27. The line is parallel to x+2y =S5.

Put this equation in slope-intercept form by solving
for y.

x+2y=5

2y=—x+5

IE
2 2

Therefore the slopes are the same; m = —%.

We are given that it passes through (6,—4) .

We use the slope and point to write the equation in
point-slope form.

y=—n :m(x—xl)
y-(4)=-3(x-6)
y+4=—%(x—6)

Solve for y to obtain slope-intercept form.

y+4=—%(x—6)

1
+4=——x+3
Y 2
1
=-——x-1
YT

In function notation, the equation of the line is

1
f(x)z—Ex—l.

28. a. First, find the slope using the points

(3,0.053) and (7,0.121).
= 0.121-0.053 _ 0.068

7-3 4
Then use the slope and a point to write the
equation in point-slope form.

Y—n =m(x—x1)
y—0.053=0.017(x-3)
or
y—0.121=0.017(x-7)

=0.017

b. y-0.053=0.017(x-3)
y=0.053=0.017x-0.051
y =0.017x +0.002
f(x)=0.017x+0.002

1.

2.

Cumulative Review

¢. f(x)=0.017x+0.002
£(8) =0.017(8) +0.002

=0.138
The function predicts that the blood alcohol
concentration of a 200-pound person who
consumes 8 one-ounce beers in an hour will be
0.138.

Cumulative Review Exercises

{0’ 1’ 27 3}

False. 7 is an irrational number.

8§-32+9
|-5|-[5-(18+6)]
_8-9+9 8-l
s-[s-@)] s-[2f
- _7_4

5-4 1

4-(2-9)" +3* <143

=4—(-7) +9+143=4-14+9+1+3
=4-1+9+3=3+9+3=15
3-[2(x-2)-5x]
=3-[2x-4-5x]=3-[-3x-4]
=3+3x+4=3x+7

2+3x-4=2(x-3)

3x-2=2x-6
x—2=-6
x=-4

The solution set is {—4} .

4x+12-8x=—-6(x—2)+2x
12-4x=—-6x+12+2x
12-4x=—4x+12
12=12
0=0
The solution set is {x|x is areal number} or

(—o0,00) or R. The equation is an identity.
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8 x—2 2x+6 15. g shifts the graph of fup three units.
) B =24 249
4 3 (-1,3) Ypo /(la 3)
4(2x+6)=3(x-2) ) / @
8x+24=3x—6 0, 2) =g _1,0)
Sx+24=-6 (=2, 1) sy
5x=-30 (—1,0)-
(0, ~1
x=-6 i
gx) = +2

The solution set is {6} . J@) =x -1
x) = v -

9. Let x = the price before reduction . .
16. The domain of f is (—eo,15) or (15,0).

x—=0.20x =1800
0.80x =1800
17. (f-g)x)
x=2250
The price of the computer before the reduction was = (3x2 —4x+ 2) - (x2 -5x— 3)
$2250. 2 5
=3x"—-4x+2-x"+5x+3
10. A=p+prt =224 x45
A—p=prt 2
A—;l: P (f-g)(=D=2(=1)" +(=1)+5
L =2(1)-1+5=2-1+5=6
pr
. 3x4 ) y5 2 le 18. f(x)=-2x+4
11. (3x4y75) =l ol el B y:—2x+4
y 3x 9x m=-0 . _
= y —intercept = 4
2 —4\? 2 32
12. (3)@ J :(3“6} foy=-2x+4 ¥
a2y vyt 7
0,4) -
2 At
_ (3;8] 94! i
|6 12 2,0
y i
13. (7x107%)(3x10?)
= (7x3)(107% x10%) =21 x10°° 19. x-2y=6
Rewrite the equation of the line in slope-intercept
= (2.1x10)x10° =2.1{10x107°) form. 4 P b
=2.1x107 ¥-2y=6
—2y=-x+6
14. The relation is a function. 1
Domain {1, 2, 3, 4, 6} y=—x-3
Range {5} 2
m= % y — intercept = -3

1
yy S = —?x+2

T
[T
0,2)
™ (6, 0)_]

2 —

—
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20.

The line is parallel to y =4x+7, so the slope is 4.

We are given that it passes through (3, -5). We use
the slope and point to write the equation in point-
slope form.

y=n :m(x—xl)

y—(-5)=4(x-3)

y+5= 4(x - 3)
Solve for y to obtain slope-intercept form.
y+5=4(x- 3)
y+5=4x-12

y=4x-17
In function notation, the equation of the line is
f (x) =4x-17.
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Chapter 3
Systems of Linear Functions

3.1 Check Points

1. a. 2x+5y=-24 3x-5y=14
2(-7)+5(-2)=-24 3(-7)-5(-2)=14
—24 = =24, true —11=14, false

The pair is not a solution of the system.

b. 2x+5y=-24 3x-5y=14
2(-2)+5(-4)=-24 3(-2)-5(-4)=14
—24 = =24, true 14 =14, true

The pair is a solution of the system.

2. Graph both equations.
y

y==2x+ 6

The intersection is (1,4).

The solution set is {(1,4)}.

3. y=3x-7
Sx-2y=8
Use substitution.
S5x-2y=8
—
5x—-20B3x-7)=8
S5x—6x+14=8
-x+14=8
-x=-6
x=06
Find y.
y=3x-17
y=3(6)-7
y=11
The solution is (6,11).

The solution set is {(6,11)}.
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Chapter 3 Systems of Linear Equations

4. 3x+2y=4 6. 3x=2-4y
2x+y=1 Sy=-1-2x
Solve 2x+ y =1 fory. Rewrite in the form Ax+ By = C.
2x+y=1 3x+4y=2
y=-2x+1 2x+5y=-1
Use substitution. Multiply the first equation by —2. Multiply the
3x+2y=4 second equation by 3.
y —6x—-8y=-4
—
3x+2(2x+1)=4 6x+15y=-3
3x-4x+2=4 Ty=-17
—-x+2=4 y=-1
-x=2 Back-substitute to find x.
x=-2 3x=2-4(-1)
Find y. 3x=6
y=-2x+1 x=2
y=-2(-2)+1 The solution is (2,-1).
y=3> The solution set is {(2,—1)}.
The solution is (-2,5).
The solution set is {(-2.5)}. g 3x_ 2y :g
5. 4x-Ty=-16 x_5_y__§
2x+5y= 9 2 2
Multiply the second equation by 2. Rewrite in the form Ax+ By = C.
4x-Ty=-16 3x-4y=5
-4x-10y=-18 2x—-5y=-3
—17y=-34 Multiply the first equation by —2. Multiply the
second equation by 3.
y=2 —6x+8y=-10
Back-substitute to find x. _
2x+5y=9 bx-15y="9
2x+5(2)=9 -7y=-19
2x+10=9 y=2
2v=-1 /
, Back-substitute to find x.
x=-3 53
The solution is (—%,2). 2 2
19
The solution set is {(—%,2)}. . 5( 7 ) __3
2 2
B_ 3
14 2
37
xX=—
7
The solution is (3—7,2)
77

The solution set is (ﬂ,gj .
7 7
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8.

Sx—-2y=4
-10x+4y="7

Multiply the first equation by 2.
10x—4y=8

-10x+4y=7
0=15
Since there are no pairs (=, y) for which 0 will

equal 15, the system is inconsistent and has no
solution. The solution setis @ or { }.

x=4y-8
5x-20y =-40
Substitute 4y — 8 for x in the second equation.
5x—-20y =—-40
—
54y -8)—20y =-40
20y —-40-20y =-40
-40 =-40

Since —40 = —40 for all values of x and y, the system

is dependent. The solution set is
{(x.y)]x=4y -8} or {(x.y)|5x-20y =-40}.

3.1 Concept and Vocabulary Check

1.

2.

satisfies both equations in the system

the intersection point

(&)}

& ; inconsistent; parallel

{Ge.y)x=3y+2} or {(x.y)[5x—15y =10} ;

dependent; are identical or coincide

Section 3.1 Systems of Linear Equations in Two Variables

3.1 Exercise Set

1.

x—y=12 x+y=2
7-(-5)=12 7+(-5)=2
12 =12, true 2=72, true

The pair is a solution of the system.

-3-1=—4 2(-3)+10(1)=4
~4=-4 -6+10=4
4=4

The pair is a solution of the system.

3x+4y=2 2x+5y=1
3(2)+4(-1)=2 2(2)+5(-1) =1
2=2, true —1=1, false

The pair is not a solution of the system.

2(4)-5(2)=-2 3(4)+4(2)=18
8-10=-2 12+8=18
2=-2 2018

The pair is not a solution of the system.

y=2x-13 4x+9y =-7
-3=2(5)-13  4(5)+9(-3)=-7
-3=10-13 20-27=-7
-3=-3 -7=-17

The pair is a solution of the system.

-4=3(-3)+5  5(-3)-2(-4)=-7
-4=-9+5 -15+8=-7
—4=-4 =1=-7
The pair is a solution of the system.

Graph both equations.
EJIY
Trx+y=4
3
2
1
[EM )] X
—5—4—3—2—1]“ 172 3 455
5 x-y=2
3
-4
-5

The solution is (3,1).
The solution set is {(3,1)}.
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ear Equations

8. Graph both equations.

5.4 -3 -2 -

The solution is (1,5).
The solution set is{(l,S)} )

9. Graph both equati

A
?Y

_mm.n./m{

ons.

y=4x+1

5 4 -3 2 -
2
-3

The solution is (% , 3).

The solution set is {(%,3)}

10. Graph both equations.

by

x+2y=4

5 4 -3 -2 —1_;0\
2
3

12 3 475

The solution is (—2, 3) .

The solution set 1

134

s{(-2.3)}.

11. Graph both equations.

12.

13.

A
5Y

4
3

x-4y=-8
,,/’””/21’ Ix-2y-6

5 -4-3-210 1,2 3 45

3

/
5

The solution is (4,3).

The solution set is {(4,3)}.

(4.3)

X

Graph both equations.
EJLY
4
3
2 Jx-y=3
1
()] X
-5-4-3-2-110 2 3 4 5
-2
-3 d+y=4
];
The solution is (1,0).

The solution set is{(l,O)} )

Graph both equations.
F 4

4 4
T 2u+3p=H
.w‘:ﬁyﬂ 2y,
— —+-

I-I4I-I2II:|“ + é .-\‘\#\\.

The lines coincide. The solution set is
{(x, y)[2x+3y = 6} or {(x, y)Jdx=—6y+ 12}.
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14. Graph both equations.

AY

5

4

3

2

1

X

5 4329 1.2 3 45

-1 Ix-2y =6

-2 2x=2y+4

3

-4

5

The lines coincide. The solution set is

{(x,y)|3x—3y = 6} or {(x,y)|2x: 2y+4}.

15. Graph both equations.

51\\(
w =-hu +h
4
3 y=2x-2
2
1
(1,0 2
—5—4—3—2—11“ 2 3 45

The solution is (1,0) .
The solution set is {(1,0)} .

16. Graph both equations.

EJ\Y
5 y=3dx+h
3
F1.2A2
1
%
54320 ™z 3 45
b y=x+1
2
-3
4

The solution is (~1,2).
The solution set is {(—1,2)} .

Section 3.1 Systems of Linear Equations in Two Variables

17. Graph both equations.

N
4
Z
-,
+———————— - ————+
-4 - 2 4

Since the lines do not intersect, there is no solution.

The solution setis @ or { }.

18. Graph both equations.

AY

Zx-y=-4

1 Ix-2y=6
X

5 -4 3 2—1]'3 /2 3 4 5

-2
b
-5

Since the lines do not intersect, there is no solution.

The solution set is & or { }

19. Graph both equations.

(1,2)
TR\ lsl x
4x +3y =10
2x+y=4

The solution is (1,2) .
The solution set is {(1,2)} .
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Chapter 3 Systems of Linear Equations

20. Graph both equations.

AY

Ix-y=19

The solution is (1,-5) .
The solution set is{(l,—S)} )

21. Graph both equations.
3
4..

s 2t A
><
A

42 U/.'z 4
Hey=2

The solution is (3,1).
The solution set is {(3,1)} .

22. Graph both equations.

v

X+ D=1

f— N O W
————+

¥

+ + + + + U\\“ + + +
54320 172.3 4 5

x=3

The solution is (3,—1) .
The solution set is {(3,—1)} .

136

23. Graph both equations.

24.

25.

AY
J
5
S+ 2y=3
3
2
] Br+2y=12
X
—5—4—3—2—11“ 1 345
2
-3

Since the lines do not intersect, there is no solution.
The solution set is & or { }

Graph both equations.

Since the lines do not intersect, there is no solution.
The solution set is & or { }

xX+y=6
y=2x
Substitute 2.x for y in the first equation.
xX+y=6
x+2x=6
3x=6
x=2
Back-substitute to find y.
2+y=6
y=4
The solution is (2,4).
The solution set is {(2,4)} .
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Section 3.1 Systems of Linear Equations in Two Variables

26. Substitute 4x for y in the first equation. 29. y=-3x+7
x+y=10 5x-2y=8
x+4x=10 Substitute —3x + 7 for y in the second equation.
5x=10 Sx-2y=8
x=2 5x—2(-3x+7)=8
Back-substitute to find y. S5x+6x—14=8
x+y=10 llx—14=8
2+y=10 11x =22
y=8 x=2
The solution is (2,8) ) Back-substitute to find y.
=-3(2)+7
The solution set is{(2,8)} ) y=-3(2)
y=-6+7
27. 2x+3y=9 y=1
x=y+2 The solution is (2,1) .
Substitute y + 2 for x in the first equation. The solution set is {(2,1)} .
2x+3y=
X+3y=9 30. Substitute 3y +8 for x in the second equation.
2(y+2)+3y=9 dx—y=6
2y+4+3y=9 2(3y+8)—y:6
S5y+4=9 6y+16—-y=6
5y=5 Sy+16=6
y=1 Sy=-10
Back-substitute to find x. y=-2
X=y+2 Back-substitute to find y.
x=1+2 x=3y+8=3(-2)+8=-6+8=2
x=3 The solution is (2,-2) .
The solution is (3,1). The solution set is {(2, —2)}.
The solution set is {(3,1)} . 3. 4xty=5
28. Substitute 1—-2x for y in the first equation. 2x-3y= 1.3 )
Solve for y in the first equation.
3x-4y=18
4x+y=5
3x—4(1— 2x) =18
3x-4+8x=18 y=—4x+>
x—4=18 Substitute —4x +5 for y in the second equation.
1lx=22 2x—3(—4x+5)=13
x=2 2x+12x-15=13
Back-substitute to find y. 14x—15=13
y=1-2x 14x =28
y=1-2(2) x=2
y=1-4 Back-substitute to find y.
y=-3 4x+y=35
The solution is (2, - 3) . 4(2) +y=3
) ) 8+y=5
The solution set is {(2, - 3)} . y=-3

The solution is (2,—3) .
The solution set is {(2, —3)} .
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32,

33.

34.

138

Solve for x in the first equation.

x=3y=3
x=3y+3
Substitute 3y + 3 for x in the second equation.
3x+5y=-19

3(3y+3)+5y=—19
9y+9+5y=-19

14y+9=-19
14y =-28
y=-2

Back-substitute to find y.
x=3y+3
x=3(-2)+3
x=-6+3
x=-3

The solution is (—3, —2) .
The solution set is {(—3,—2)}.

x—2y=4
2x—-4y =5
Solve for x in the first equation.
x=2y=4
x=2y+4
Substitute 2y +4 for x in the second equation.
2x—4y=5
2(2y+4)—4y =5
4y+8—-4y=5
4y+8—-4y =5
8+£5

The system is inconsistent. There are no values of x
and y for which 8 will equal 5. The solution set is

®0r{ }

Solve for x in the first equation.
x—3y=6
x=3y+6
Substitute 3y +6 for x in the second equation.
2x—6y =35
2(3y+6)—6y =5
6y+12—-6y=>5
12=5
The system is inconsistent. There are no pairs
(x, y) which will make 12 equal to 5. The solution

setis Dor { }.

35.

36.

2x+5y=-4

3x-y=11
Solve for y in the second equation.
3x—y=11

—y=-3x+11
y=3x-11
Substitute 3x—11 for y in the first equation.
2x+5y=-4

2x+5(3x-11)=—4

2x+15x-55=—-4

17x-55=-4
17x =51
x=3
Back-substitute to find y.

3x—y=11
3(3)—y=11
9-y=11
-y=2
y=-2

The solution is (3,-2).
The solution set is {(3, - 2)}

Solve for x in the second equation.
—-x+6y=8
6y=8+x
6y—-8=x
Substitute 6y —8 for x in the first equation.
2(6y—8)+5y =1

12y—-16+5y=1
17y=17
y=1

Back-substitute to find x.
x=6y-8
x=6(1)-8
x=6-8
x=-2

The solution is (—2, 1) .
The solution set is {(—2,1)} .
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Section 3.1 Systems of Linear Equations in Two Variables

37. 2( xX— 1) -y=-3 40. Solve for x in the second equation.
x+2y=-3
y=2x+3
Substitute 2x + 3 for y in the first equation. x=-2y-3
Substitute —2y — 3 for x in the first equation.
2(x— 1) -y=-3 |
2(x=1)—(2x+3)=-3 %_%=E
2x—2—2x—3=—3 —2}7—3_1_1
-S5#-3 6 2 - 3
Since there are no values of x and y for which -5 y-3 |
will equal -3, the system is inconsistent. The 6 Y —6| L |=6|=
. . 6 2 3
solution setis @ or { }.
—2y-3-3y=2
38. Substitute 3x—1 for y in the first equation. -3-5y=2
x+y—1=2(y—x) =S5y=5
x4+ (3x-1)=1=2((3x-1)~x) y=-1
Back-substitute to find x.
x+3x—1—1=2(3x—1—x) x+2y=-3
4x-2=2(2x-1) x+2(-1)=-3
dx—-2=4x-2 x—2=-3
The system is dependent. The solution set is |
X=-
{(x, y)|x+ y=1=2(y- x)} or {(x, y)| y=3x- 1}' The solution is (—1,-1).
Xy The solution set is{(—l,—l)}.
39, ——==-1
4 4 5
x+4y=-9 41. y=—x-2
Solve for x in the second equation. 5
x+4y=-9 2x-5y=10
x=-4y-9 Substitute gx —2 for y in the second equation.
Substitute —4y —9 for x in the first equation. 5
2x-=5y=10
x_J
-2 -1 >
4 4 2x—5(—x—2)=10
—4y-9 y . 5
4 4 2x—2x+10=10
—4y -9 v 10=10
4 4 - Z = 4(_1) Since 10 = 10 for all values of x and y, the system is
“4y-9-y=-4 dependent. The solution set is {(x, y)‘ y= gx - 2}
~5y-9=—4 >
—5y=5 or {(x,y)| 2x—5y=10}.
y=-1
Back-substitute to find x.
x+4y=-9
x+4(—1) =-9
x—4=-9
x=-5

The solution is (=5,—1).
The solution set is {(—5,—1)} .
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) 1 ) ) 45. Solve by addition.
42. Substitute gx +4 for y in the second equation. 12x+3y=15
1 2x-3y=13
3l =x+4|=x+12 -
3 14x =28
x+12=x+12 x=2
Since x+12 equals x +12 for an infinite number of Back-substitute to find y.
pairs (x, y) , the system is dependent. The solution 12(2) +3y=15
1 24+3y=15
set is {(x,y)|y:§x+4}0r {(x,y)|3y:x+12}. 3y=-9
y=-3
43. Solve by addition. The solution is (2,_3) )
x+y=17 . .
rmy=3 The solution set is {(2, —3)} )
2x=10 46. Solve by addition.
x=5 4x+2y=12
Back-substitute to find y. 3x-2y=16
x+y=7 - ="
Tx =128
S5+y=7
PN x=4
Y= Back-substitute to find y.
The solution is (5,2). dx+2y=12
The solution set is {(5,2)}. 4(4)+2y=12
16+2y=12
44. Solve by addition. 2y=—4
2x+y=3
y=-2
x-y=3 o
_— The solution is (4,-2).
3x=6 ) )
ten The solution set is {(4, —2)} )
Back-substitute to find y.
2x+y=3 47. x+3y=2
Aty=3 Multiply the first equation by —4.
r= —4x—12y=-8
y=-1 4x+ Sy= 1
The solution is (2,—1) .
-Ty=-17
The solution set is {(2,—1)} . y=1
Back-substitute to find x.
x+3y=2
x+3(1)=2
x+3=2
x=-1

The solution is (—1,1) .
The solution set is {(—1,1)} .
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48. Multiply the second equation by 2.

x+2y=-1
4x-2y= 6
5x=5
x=1
Back-substitute to find x.
x+2y=-1
1+2y=-1
2y=-2
y=-1

The solution is (1,—1) .
The solution set is {(1,—1)} .

49. 6x—y=-5

4x-2y=6
Multiply the first equation by —2.
-12x+2y =10
4x-2y=6
-8x=16
x=-2
Back-substitute to find y.
6(-2)-y=-5
-12—-y=-5
-y=17
y=-7

The solution is (-2,-7).
The solution set is {(—2, —7)} )

50. Multiply the second equation by —2.

x=2y=5
—-10x+2y=4
-9x=9
x=-1
Back-substitute to find y.
x—=2y=5
-1-2y=5
—2y=6
y=-3
The solution is (—1,—3) .
The solution set is {(—1,—3)} .

Section 3.1 Systems of Linear Equations in Two Variables

51.

52,

53.

3x-5y=11
2x-6y=2
Multiply the first equation by —2 and the second

equation by 3.
—6x+10y =-22

6x—18y= 6
—8y=-16
y=2
Back-substitute to find x.
2x-6(2)=2
2x—12=2
2x =14
x=7
The solution is (7,2).
The solution set is{(7,2)} .

Multiply the first equation by —3 and the second
equation by 4 and solve by addition.

-12x+ 9y =-36
12x—-16y= 8
-Ty=-28
y=4
Back-substitute 4 for y to find x.
4x - 3(4) =12
4x-12=12
4x=24
x=6
The solution is (6,4) .

The solution set is {(6,4)} .

2x=5y=13
Sx+3y=17
Multiply the first equation by 3 and the second
equation by 5.
6x—15y =39
25x+15y =85
31x =124
x=4
Back-substitute to find y.
5(4)+3y=17
20+3y =17
3y=-3
y=-1
The solution is (4,—1) .

The solution set is {(4,—1)} .
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54. Multiply the first equation by 3 and the second 2x-3y=4
equation by 5. 5
12x+15y =27 2x_3[_ﬁ):4
30x—-15y=-15 , 15_4
42x=-42 T
x=-1 Dy = 29
Back-substitute to find y. ST
4(—1)+5y=—9 29
xX=—
—4+5y=-9 22
Sy=-5 The solution is (g,—i) )
y=-1 227 11
The solution is (_1’_1) ’ The solution set is {(2,—3} .
The solution set is {(—1,—1)}. 221

58. Multiply the second equation by —2.

55. 2x+6y=8 4x— 3y= 8
x+9y=12 —4x+10y =28
Multiply the first equation by —3 and the second -
equation by 2. 7y =36
—6x—18y =-24 y—ﬁ
6x+18y= 24 7
Back-substitute to find x.
0=0
Since 0 = 0 for all values of x and y, the system is (f2)(x) = f(x)-g(x)
dependent. The solution set is {(x, y)| 2x+6y = 8} =3x(2x-3)
or {(x,y)|3x+9y:12}. = 6x” —9x
. . The solution is ﬂ,ﬁ .
56. Multiply the first equation by -3. 77
—3x+9y=18 (4136
3x-9y=9 The solution set is 7,7 .
0=27
Since there are no pairs (x, y) for which 0 will 59. 3x-Ty=1
equal 27, the system is inconsistent. The solution 2x-3y=-1
setis & or { } Multiply the first equation by —2 and the second
equation by 3.
57. 2x-3y=4 —6x+14y=-2
4x+5y=3 bx- 9y=-3
Multiply the first equation by —2. Sy=-3
—4x+6y=-8 y=-1
4x+5y=3 Back-substitute to find x.
1ly=-5 3x-7(-1)=1
5 3x+7=1
Y T 3x=-6
Back-substitute to find x. x=-2

The solution is (—2,—1) .
The solution set is {(—2,—1)} .
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60. Multiply the first equation by 4 and the second
equation by 3.
8x—12y= 8
15x+12y =153
23x =161
x=17
Back-substitute to find y.
2x—-3y=2
2(7) -3y=2
14-3y=2
-3y=-12
y=4
The solution is (7,4).
The solution set is {(7,4)} )

61. x=y+4
3x+7y=-18
Substitute y +4 for x in the second equation.
3x+7y=-18
3(y+4)+7y=—18
3y+12+7y=-18

10y+12=-18
10y =-30
y=-3
Back-substitute to find x.
x=y+4
x=-3+4
x=1

The solution is (1,-3).
The solution set is {(1,—3)} .

62. Substitute 3x+5 for y in the second equation.
5x-2(3x+5)=-7

5x—=6x—-10=-7
-x—-10=-7
-3=x

Back-substitute to find x.
y=3(-3)+5=-9+5=—4
The solution is (-3,—4).

The solution set is {(—3, —4)}.

Section 3.1 Systems of Linear Equations in Two Variables

63. ox+ =5
3
4x-2=5
3
Multiply the second equation by 4.
ox+ 2 - s
3
16x—2Y =20
3
25x =25
x=1

64.

Back-substitute to find y.
4x—==5

Il
|9

N
—
—
~—
|

Il
—_

N
|

Wle wle vl w|<
I
W

y=-3
The solution is (1,-3) .
The solution set is{(l, —3)} )

First, clear fractions from both equations.

X _Y__
6 5
30(3}30(1) =30(-4)
6 5
Sx—-6y=-120
Xy _
4 6
24(%—24(1) = 24(-2)
4 6
6x—4y=-48
The system becomes
Sx—-6y=-120
6x—4y=-48.
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Multiply the first equation by —6 and the second 66. First, clear fractions from both equations.
equation by 5. 1 3
~30x+36y= 720 e 271
30x-20y =-240 1
z 16(—x)—16(§y)=16(—1)
16y =480 16 4
=30 x—4(3y)=-16
Back-substitute to find x. x—12y=-16
D, -6
x=—r=0 2 77 + 2= 11
The solution is (12,30). 3 5
. . 4 —x)+4 =y |=4(11)
The solution set is {(12,30)} . 4 2
3x+ 2(5y) =44
65. lx—lyZg 3x+10y =44
4 9 3 The system becomes
LAV x—12y=-16
2 .3 . . 3x+10y = 44.
Multllply the first elzquatlon by2—2. Multiply the first equation by —3.
_Z(ij_(_z)(_yj:_z(_) 3x+36y =48
9 3 3x+10y = 44
27797773 v=
We now have a system of two equations in two y=2
variables. Back-substitute to find x.
1 2 4 3x+10y =44
—x+— y=—-—
279 3 3x+10(2) =44
LAV 3x+20=44
23 3x =24
Solve the addition.
1 2 4 x=38
5 +§y Y The solution is (8,2) .
lx_ly _ The solution set is{(8,2)}.
2 3
_éy:_% 67. x=3y-1
yz_L(_g) 2x—6y=-2
} Substitute 3y —1 for x in the second equation.
y=3 2x-6y=-2
Back-substitute to find x. IR
lx—lyzl 2(3y—1)—6y=—2
23 6y—2-6y=-2
%x—%@):l =2
{ Since —2 = -2 for all values of x and y, the system is
7*” 1= dependent. The solution set is {(x, y)| x=3y- 1}
%x:z or {(x,y)| 2x—6y:—2}.
x=4

The solution is (4,3) .
The solution set is {(4,3)} .
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68.

69.

70.

71.

Substitute 4y —1 for x in the second equation.
2(4y— 1)—8y =-2

35 -2- 35 =2
-2=-2
Since —2 = -2 for an infinite number of pairs,
(x, y), the system is dependent. The solution set is

{(x,y)|x = 4y—1} or {(x,y)|2x—8y = —2}.

y=2x+1
y=2x-3
Multiply the first equation by —1.
-y=-2x-1
y= 2x-3
0#-4
Since there are no values of x and y for which 0 = —
4, the system is inconsistent. The solution set is

or{ }.

Multiply the first equation by —1.

-y=-2x-4
y= 2x-1
0=-5

Since there are no values of x and y for which
0= -5, the system is inconsistent. The solution set

is Qor{ }

0.4x+03y =23
02x-0.5y=0.5

Multiply the second equation by —2.
04x+03y= 23

—04x+1.0y=-1.0

1.3y=13
y=1

Back-substitute to find x.

0.2x-0.5y=0.5

0.2x-0.5 (1) =0.5

0.2x-0.5=0.5

0.2x=1.0

x=5

The solution is (5, 1) .
The solution set is{(S,l)} .

Section 3.1 Systems of Linear Equations in Two Variables

72. Multiply both equations by 10 to clear the decimals.

73.

2x-10y=-14
Tx— 2y=-16
Multiply the second equation by —5.
2x—10y =-14
-35x+10y =80
—33x=066
x==2
Back-substitute to find y.

D —
x:—X:—loz—z
D 5

The solution is (—2, 1) .
The solution set is {(—2,1)} .

S5x—-40=06y
2y=8-3x
Rewrite the equations in general form.
Sx—-6y =40
3x+2y=8
Multiply the second equation by 3.
Sx—-6y=40
9x+6y=24
14x =64
32
7

Back-substitute to find y.
2y=8-3x

32
2y=8-3[==
Y [7]

96
2y=8-—
Y 7

X

40 20
y=—"—"=

The solution is (37—2,—§j .

The solution set is 2,—§ .
7 7
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74. Rewrite the equations in Ax+ By = C form. 4x—4y=-12
4x—-3y=24 4x+4y=-20
—3x+9y=-1 8x=-32
Multiply the first equation by 3. -4
12x—9y =72 T
Back-substitute to find y.
-3x+9y=-1 4x—4y=-12
9x =171 4(—4)-4y=-12
x=ﬂ -16-4y=-12
9 —4y=4
Back-substitute to find y. y=-1
71
4(?) -3y=24 The solution is (—4,-1) .
284 The solution set is {(—4,~1)} .
T — 3y = 24
284-27y =216 77. 3(x-3)-2y=0
_27y:_68 2(x—y)=—x—3
68 Rewrite the equations in general form.
Y= 3(x=3)-2y=0 2(x—-y)=-x-3
The solution i 71 68 3x-9-2y=0 2x-2y=-x-3
e solution is 577 3x-2y=9 3xr-2y=-3
71 68 We now have a system of two equations in two
The solution set is {(—,—j} . variables.
27 3x-2y=9
3x-2y=-3
75. =
3(x * y) 6 Multiply the second equation by -1.
3(x—y)=-36 3x-2y=9
Divide both equations by 3. 3x+2y=3
rhy= 2 0%12
x—y=-12 Since there are no values of x and y for which
Solve the system by addition. 0 = 12, the system is inconsistent. The solution
xty= 2 setis Dor { }.
x—y=-12
2—10 78. Rewrite the second equation in Ax+ By = C form.
xX=-
=5 4(x+y)=6(2—x)
Back-substitute to find y. 4x+4y=12-6x
x+y=2 10x+4y=12
S+y=2 The system becomes
y=7 Sx+2y=-5
The solution is (=5,7). 10x+4y=12.

Multiply the second equation by —2.
The solution set is {(—5,7)} . Py q Y

-10x-4y =10
10x+4y=12
76. Distribute the 4 in both equations to eliminate the =
parentheses. 0=22
4x—4y=-12 Since there are no pairs (x, y) for which 0=22, the
4x+4y=-20 system is inconsistent. The solution set is
Solve the system by addition. & or { }
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79.

80.

81.

x+2y-3=0
12=8y+4x
Rewrite the equations in general form.
x+2y-3=0 12=8y+4x
x+2y=3 8y +4x=12
4x+8y =12
We now have a system of two equations in two
variables.
x+2y=3
4x+8y=12
Multiply the first equation by -4.
—4x—-8y=-12
4x+8y= 12
0=0
Since 0 = 0 for all values of x and y, the system is
dependent. The solution set is

{(x,y)| x+2y-3= 0} or {(x,y)| 12 = 8y+4x}.

Rewrite the equations in Ax+ By = C form.
2x—y-5=0 10=4x-2y
2x—-y=5 4x-2y=10

The system becomes

2x— y=15

4x-2y=10.

Multiply the first equation by —2.
—-4x+2y=-10

4x-2y= 10
0=0
Since 0 = 0 for an infinite number of pairs (x, y) ,

the system is dependent. The solution set is
{(x,y)|2x— y=5= 0} or {(X,y)|10= 4x—2y}_

3x+4y=0
Tx=3y
After rewriting the second equation in general form,

the system becomes

3x+4y=0

7x-3y=0

Multiply the first equation by 3 and the second

equation by 4.
Ix+12y=0

28x—12y=0
37x=0
x=0

Section 3.1 Systems of Linear Equations in Two Variables

82.

83.

Back-substitute to find y.
7(0) =3y
0=3y
0=y
The solution is (0,0) .
The solution set is{(0,0)}.

Solve the second equation for x.
4y =-5x

AN
SV

4
Substitute 3 y for x and solve for y.

5(—iyj+8y =20
5
—4y+8y =20
4y =20
y=35
Back-substitute to find x.
4
t5)=x
—4=x
The solution is (—4,5).

The solution set is {(—4,5)} .

X+2 yt+d4

3

2 3
Xty _x-y S
5 2 2

Start by multiplying each equation by its LCD and
simplifying to clear the fractions.

x+2_y+4_,
2 3

x+y x—-y 5

5 2 2

Start by multiplying each equation by its LCD and
simplifying to clear the fractions.

6(x+2_ y+4):6(3)
2 3
3(x+2)—2(y+4)=18
3x+6-2y—-8=18
3x-2y=20

Copyright © 2017 Pearson Education, Inc. 147



Chapter 3 Systems of Linear Equations

84.

148

o[ £X¥ )= qo[ A2 2
5 2 2
2(x+ y) = 5(x— y)—5(5)
2x+2y=5x—-5y-25
3x-=T7y=25
We now need to solve the equivalent system of
equations:
3x-2y=20
3x-Ty=25
Subtract the two equations:
3x-2y=20

—(3x—7y = 25)
Sy=-5
y=-1

Back-substitute this value for y and solve for x.
3x-2y=20
3x— 2(—1) =20
3x+2=20
3x=18
x=6
The solution is (6,—1) .
The solution set is {(6,—1)}.

3 2 2
X+2_,_y+4
2 3

Start by multiplying each equation by its LCD and
simplifying to clear the fractions.

o5 3)
2(x-y)=3(x+y)-3(1)

2x-2y=3x+3y-3
x+5y=3

6(x+2_4j:6(y+4j

2 3

3(x+2)-6(4)=2(y+4)
3x+6-24=2y+8

3x—-2y=26
We now need to solve the equivalent system of
equations:
x+5y=3
3x-2y=26

85.

86.

Multiply the first equation by -3 and then add the

equations.
—3x-15y=-9
3x— 2y=126
17y =17
y=-1

Back-substitute this value for y into one of the
above equations and solve for x.

x+5(—1) =3
x—5=3
x=38

The solution is (8,—1) .

The solution set is {(8,—1)} .

Sax+4y =17
ax+7y=22

Multiply the second equation by —5 and add the
equations.

Sax+4y =17
—Sax—-35y=-110
-31y=-93
y=3

Back-substitute into one of the original equations to
solve for x.
ax+7y=22

ax+7(3)= 22
ax+21=22
ax=1
r==
a
The solution is (%,3) .

The solution set is {(iﬁ)} )

4ax+by =3
6ax +5by =8
Multiply the first equation by —5 and add the
equations.
—20ax —5by = —15
6ax +5by =8
—l4ax =-7
1

X=—

2a
Back-substitute into one of the original equations to
solve for y.
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88.

1
4a| — [+by =3
“(2aj g

24+by=3
by =1
1
=5

The solution is (%,—) .

The solution set is (L,lj .
2a b

f(=2)=11 - -2m+b=11
f(3=-9 - 3m+b=-9

We need to solve the resulting system of equations:
—2m+b=11

3m+b=-9
Subtract the two equations:
2m+b=11
3m+b=-9
—5m =20
m=-4

Back-substitute into one of the original equations to
solve for b.

—2m+b=11

—2(-4)+b=11

8+b=11
b=3

Therefore, m=—-4 and b=3.

f(-3)=23 - -3m+b=23
f(2)=-7 - 2m+b=-7

We need to solve the resulting system of equations:
-3m+b=23

2m+b=-17
Subtract the two equations:
-3m+b=23
2m+b=-17
-5m =30
m=-6

Back-substitute into one of the original equations to
solve for b.

—3m+b=23

-3(-6)+b=23

18+5=23
b=5

Therefore, m=—-6 and b=5.

Section 3.1 Systems of Linear Equations in Two Variables

89.

90.

91.

The solution to a system of linear equations is the
point of intersection of the graphs of the equations

in the system. If (6,2) is a solution, then we need to

find the lines that intersect at that point.

Looking at the graph, we see that the graphs of
x+3y=12 and x— y =4 intersect at the point

(6,2) . Therefore, the desired system of equations is
x+3y=12 or y=-1x+4

x—y=4 y:x—4

A system whose solution set is the empty set
consists of parallel lines (assuming there are only
two equations in the system). Therefore, we check
the graph for two parallel lines.

From the graph, the desired systemis x -3y =—6

x=3y=6
or y=3x+2
y= %x -2
a. —3x+10y =160
x+2y=142
Multiply the second equation by —5 and add the
equations.
=3x+10y= 160
-5x-10y =-710
—8x =-550
Use the resulting equation to find x.
—8x _—550
8 -8
x=068.75
x =69
Back-substitute to find y.
x+2y=142
68.75+2y =142
2y="73.25
y =36.625
y =37

The percentage of married and never-married
adults will be the same about 69 years after
1970, or 2039.

In 2039, about 37% of Americans will belong to
each group.

b. The approximate solution in part (a) is described
by the point of intersection of the graphs
(69,37).
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92. a. Answers will vary. Approximate point is

93.

(2004,180). This means that in 2004 the

number of cellphones and land-lines were both
180 million.

. Using substitution,

43x+y=198

y
4.3x+(19.8x+98) =198
4.3x+19.8x+98 =198
24.1x+98 =198
24.1x =100

x=4
The number of cellphone and land-line
customers will be they same 4 years after 2000,
or 2004.

y=19.8x+98
y=19.8(4)+98
y=177.2

y =180

The number of customers that each will have in
2004 is about 180 million.

. The models describe the point of intersection

quite well.

y =0.04x +5.48

. y=0.17x+1.84

. Using substitution,

0.17x+1.84=0.04x+5.48
0.13x =3.64
x=28
The costs for Medicare and Medicaid will be the

same 28 years after 2000, or 2028.
Back-substitute to find y.

y=0.17x+1.84
y=0.17(28) +1.84
y=06.6

In 2028, Medicare and Medicaid will each cost
6.6% of the GDP. After 2028, Medicare will
have the greater cost.

94. a. y=2.8x+60

150

b. y=38x+44

9s.

96.

. Using substitution,

2.8x+60=3.8x+44

16=x
y=2.8x+60
y =2.8(16) + 60
=104.8

16 years after 1998, or in 2014, the number of
federal inmates for drug offenses will be the
same as the number of federal inmates for all
other crimes. Both will be 104.8 thousand
inmates.

273-38 107
20-0 20
From the point (0,38) we have that the y-

~ —0.54

intercept is b = 38. Therefore, the equation of
the line is y = —0.54x +38.

| _242-40 158
20-0 20
From the point (0,40) we have that the y-

=-0.79

intercept is b = 40. Therefore, the equation of
the line is y =—0.79x +40.

. To find the year when cigarette use is the same,

we set the two equations equal to each other and
solve for x.
—0.54x+38=-0.79x+40

025x=2
x=8
Cigarette use was the same for African

Americans and Hispanics 8 years after 1985, or
1993.

y=-0.54x+38
y=-0.54(8)+ 38
y=33.68

At that time about 33.68% of each group used
cigarettes.

_273-389 -11.6
20-0 20
From the point (0, 38.9) we have that the y-

=-0.58

intercept is b = 38.9. Therefore, the equation of
the line is y = —0.58x +38.9.

_ 24.2-40 _ -15.8 — 079
20-0 20
From the point (0,40) we have that the y-

intercept is b = 40. Therefore, the equation of
the line is y =—0.79x +40.
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98.

c. To find the year when cigarette use is the same,
we set the two equations equal to each other and

solve for x.
—0.58x+38.9=-0.79x + 40

021x=1.1

x=5
Cigarette use was the same for whites and
Hispanics 5 years after 1985, or 1990.
y=-0.58x+38.9

y =-0.58(5)+38.9

y=36

At that time about 36% of each group used
cigarettes.

a. N,=-5p+750
=-5(120)+750
=-600+750
=150

N, =2.5(120) = 300

If the price of the televisions is $120, 150 sets
can be sold and 300 sets can be supplied.

b. To find the price at which supply and demand
are equal, we set the two equations equal to each
other and solve for p.

=Sp+750=25p
750="7.5p
750
E=P
100=p

N =2.5(100) = 250.

Supply and demand will be equal if the price of
the televisions is $100. At that price, 250 sets
can be supplied and sold.

a. Demand;
N =-25p +7800
N =-25(50) + 7800
=-1250+7800 = 6550
6550 tickets will be sold at $50 per ticket.
Supply ;
N =5p +6000
N =5(50) + 6000

=250+ 6000 = 6250
6250 tickets will be supplied at $50 per ticket.

99

109.
110.

111.
112.

113.

114.

115.

116.

117.

Section 3.1 Systems of Linear Equations in Two Variables

b. Multiply the second equation by —1.
N =-25p+7800

-N=-5p—- 6000
0=-30p+1800
30p =1800
p =060
Back-substitute to find N.
N =5p +6000

N =5(60) + 6000 = 300 + 6000 = 6300

At $60, the supply and demand will be equal. At
this price, 6300 tickets will be supplied and sold.

.—108. Answers will vary.
makes sense

does not make sense; Explanations will vary.
Sample explanation: When the left side of the
second equation was multiplied by 6, the —8 on the
right side of the equation should also have been
multiplied by 6.

makes sense
makes sense

false; Changes to make the statement true will vary.
A sample change is: The addition method can be
used to eliminate either variable.

false; Changes to make the statement true will vary.
A sample change is: The solution set for the system
contains all points on the line 5x—y=1.

false; Changes to make the statement true will vary.
A sample change is: A system of linear equations
can never have exactly two ordered pair solutions.
There can be 0, 1, or an infinite number of
solutions.

true

Substitute (2, 1) into both equations.
ax—by=4

a2)-b(1)=4
2a—b=4

bx+ay=17
b(2)+a(l)=17
2b+a=17
The two equations we need to solve now are
2a-b=4
2b+a=17
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118.

119.

152

Solve the second equation for a .

2b+a=17
a=7-2b
Substitute a = 7—2b into the first equation.
2a-b=4
2(7-2b)-b=4
14-4b-b=4
—5b=-10
b=2
Back substitute to solve for a .
2a—b=4
2a—-2=4
2a =06
a=3

The solution of the systemis a=3,b=2.

Answers will vary. One system of equations with
solution set {(—2,7)} is: 3x+4y=22
—x—y=-3.

Multiply the first equation by —a, and the second
equation by q.
—@ay X~ ayby y = —ayc

aax+ab,y= ac,

(ale —ayby ) Yy =a16, — a6

_ 9416 —dq
B a;by —ayby
Back-substitute 49 =%Hha for y to find x.
aiby —ayb
-a— b-c=-4
9a+3b+c=20
8a+2b=16

-3x+3y+6z=-6
2x-3y+6z= 5
-x  +12z=-1

—a\bic, +aybc;,  abye; —aybc

alx =
a\b, —a,by a\b, —a,by
—a,bc, "‘%1?10/1"'61117201 — 49
a;x =
a;b, —aby

—a,bic, +ayb,c,
/al/x __ @b —ab
}11/ 9

—a,bic, +abye; 1
X=———= = - .

a,b, —ayby a
a;b, —a,b, ;;1/

-b,c, +b,c
y= A% THG

_ b —b

a\b, —a,b

L b,c, —bc, a,c, —a,c
Thesolutlonls( 21 12, 172 7271
aib, —ayby a;b, —ayb

a\b, —a,by

bye, =bic, aic, —aye

The solution set is {[

120. 6x= 10+5(3x—4)
6x=10+15x-20
6x=15x-10
—9x=-10

10

)

X
The solution is % .

The solution set is {%} .

b
a\b, —aby a\b, —a,b

)}

121. (4x2y4)2 (—2x5 y0)3 — 422242 (_2)3 EENC

— 42 x4y8 (_2)3 x15y0
=—128x19y8
122.  f(x)=x"-3x+7
F(=D)=(=17 =3(-1)+7=1+3+7=11

123. An+Pr, =x-0.15+y-0.07
=0.15x+0.07y

Copyright © 2017 Pearson Education, Inc.



Section 3.2 Problem Solving and Business Applications Using Systems of Equations

124. x=(0.30)(50) =15 milliliters
Price  Number
per pair  of pairs
~ -

125. 80 - x =80x

3.2 Check Points

1. Let x = the number of calories in hamburger and fries.
Let y = the number of calories in fettuccine Alfredo.
x+2y=4240

2x+y=23980

This system can be solved by substitution.
Solve for x in terms of y.
x+2y=4240

x=-=2y+4240

Substitute this value into the other equation.
2x+y=3980

r—}%
2(=2y +4240) + y = 3980
—4y +8480+ y = 3980
~3y+8480 = 3980

-3y =-4500
y =1500
Back-substitute to find x.
x=-2y+4240
x =-2(1500) + 4240

x =1240
There are 1240 calories in hamburger and fries and 1500 calories in fettuccine Alfredo.

2. Let x = the amount invested at 9%.
Let y = the amount invested at 11%.
x4+ y=5000

0.09x+0.11y =487

This system can be solved by substitution.
Solve for y in terms of x.
x+y=5000

y =—-x+5000

Substitute this value into the other equation.
0.09x+0.11y =487

y
0.09x +0.11(=x +5000) = 487
0.09x—0.11x +550 = 487
—0.02x +550 = 487

-0.02x =-63

x=3150
Back-substitute to find y.
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y=-x+5000
y =-(3150)+ 5000
y =1850

There was $3150 invested at 9% and $1850 invested at 11%.

3. Letx = the number of ounces of 12% acid solution.
Let y = the number of ounces of 20% acid solution.
x+y=160
0.12x+0.20y = 0.15(160)
This system can be solved by substitution.
Solve for y in terms of x.
x+y=160
y=—-x+160

Substitute this value into the other equation.
0.12x+0.20y = 0.15(160)

0.12x+0.20y =24
/_/y%
0.12x +0.20(-x +160) = 24

-0.08x +32 =24
—0.08x=-8
x=100
Back-substitute to find y.
y=—-x+160
y =-(100) +160

y =60
The chemist should mix 100 ounces of the 12% acid solution and 60 ounces of the 20% acid solution.

4. Let x = the rate of the motorboat in still water.
Let y = the rate of the current.

|Rate x Time = Distance

Trip with the Current | x+y 2 20x+y)
Trip against the Current | x—y 3 3(x—y)

This gives,

2(x+y)=84

(x—y)=284

This system simplifies to:

x+y=42

x—y=28

This system can be solved by addition.
x+y=42

x—y=28
2x =70
x =35
Back-substitute to find y.
x+y=42
35+y=42
y=1

The rate of the motorboat in still water is 35 miles per hour and the rate of the current is 7 miles per hour.
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5. a. C(x)=300,000+30x
b. R(x)=280x

c. y=300,000+30x
y=380x

This system can be solved by substitution.
80x = 300,000+ 30x

50x = 300,000

x = 6000
Back-substitute to find y.
y =80x

y = 80(6000)
y = 480,000

The break-even point is (6000, 480,000).

This means the company will break even when it
produces and sells 6000 pairs of shoes. At this
level, both revenue and costs are $480,000.

6. Profit equals revenue minus cost.
P(x) = R(x) = C(x)

= (80x) — (300,000 + 30x)
= 50x — 300,000

3.2 Concept and Vocabulary Check

1. 1180x+125y
2. 0.12x+0.09y
3. 0.09x+0.6y

4. x+y; x—y
5. 4(x+y)

6. revenue; profit

7. break-even point

3.2 Exercise Set

1.

Let x = the first number.
Let y = the second number.
x+y=7
x—y=-1
Solve by addition:
x+y=7
x—y=-1
2x=6

x=3
Back-substitute to find y.
3+y=7

y=4
The numbers are 3 and 4.

Let x = the first number.
Let y = the second number.
x+y=2
x—y=8
Solve by addition.
x+y=2
x—y=38
2x=10
x=5
Back-substitute to find y.
x+y=2
S5+y=2
y=-3
The numbers are 5 and -3.

Let x = the first number.
Let y = the second number.
3x— y=1
x+2y=12
Multiply the first equation by 2.
6x—2y= 2
x+2y=12
Tx=14
x=2
Back-substitute to find y.
x+2y=12
2+2y=12
2y =10
y=3
The numbers are 2 and 5.
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4. Let x = the first number.
Let y = the second number.
3x+2y=8
2x— y=3
Multiply the second equation by 2 and add to the
first equation.

3x+2y=8
4x-2y=6
Tx=14
x=2
Back-substitute to find y.
3x+2y=8
3(2)+2y=8
6+2y=38
2y=2
y=1
The numbers are 2 and 1.

5. a. At the break-even point, R(x) = C(x).

25500+ 15x = 32x

25500 =17x

1500 = x
C(x) =32x
C(1500) = 32(1500)
= 48000

Fifteen hundred units must be produced and sold

to break even. At this point, there will $48,000
in costs and revenue.

b. P(x) = R(x) - C(x)
=(32x) - (25,500 +15x)
=32x-25,500-15x
=17x-25,500

6. a. At the break-even point, C(x) =R (x)
15,000+ 12x =32x
15,000 = 20x
750 = x
R(x) =32x
R(750) = 32(750)
= 24,000
750 units must be produced and sold to break

even. At this point, there will $24,000 in cost
and revenue.

b. P(x) = R(x)—C(x)

= (32x)— (15,000 +12x)
=32x-15,000 - 12x
=20x - 15,000

7. a. At the break-even point, R(x) = C(x).

105x + 70,000 = 245x
70,000 = 140
500 = x
C(x)=245x
C(500) = 245(500)
=122,500

Five hundred units must be produced and sold to
break even. At this point, there will $122,500 in
costs and revenue.

. P(x)=R(x)—C(x)

= (245x) - (105x +70,000)
= 245x —105x — 70,000
= 140x — 70,000

. At the break-even point, C(x) = R(x).

1.2x+1500=1.7x
1500 = 0.5x
3000 = x
R(x) =1.7x
R(3000) =1.7(3000)

=5100
3000 units must be produced and sold to break
even. At this point, there will be $5100 in cost
and revenue.

=(1.7x)—(1.2x+1500)
=1.7x—1.2x—-1500
=0.5x-1500
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9. Letx = the percent of college men who play online
games multiple times per day.
Let y = the percent of college men who play online
games once per day.
Use the given information to set up a system of
equations.
x+y=41
x—y=7
Solve by addition.
x+y=41
x—y=7
2x =48
x=24
Back-substitute to find y.
x+y=41
24+y=41
y=17
24% of college men play online games multiple

times per day. While 17% of college men play
online games once per day.

10. Let x = the percent of college students who sleep
between 5 and 7 hours.
Let y = the percent of college students who sleep
between 9 and 11 hours
Use the given information to set up a system of
equations.
x+y=45
y—x=41
Solve by addition.
x+y=45
x—y=41
2x =86
x=43
Back-substitute to find x.
x+y=45
43+y =45
y=2
43% of college students sleep betweeb 5 and 7

hours. While 2% of college students sleep between
9 and 11 hours.

11. Letx = the number of computers sold.

Let y = the number of hard drives sold.
x+y=36

1180x+125y =27,710

Multiply the first equation by —125 and add the

two equations.

12.

13.

—125x-125y = -4500
1180x +125y = 27,710

1055x = 23,210

x=22
Back-substitute to solve for y.
x+y=36
22+y=36

y=14
The store sold 22 computers and 14 hard drives.

Let x = the number of nonmembers.
Let y = the number of members.
x+y=180
4.50x +8.25y =1222.50
Multiply the first equation by —4.50 and add the
two equations.
—4.50x-4.50y = -810

4.50x +8.25y =1222.50

3.75x = 412.50
x=110
Back-substitute to solve for y.
x+y=180
110+ y =180
y=170

70 members and 110 nonmembers attended the
fundraiser.

Let x = the amount invested at 6%.
Let y = the amount invested at 8%.
x4+ y="7000

0.06x +0.08y =520

Solve the first equation for x.

x=7000—-y

Substitute this result for x in the second equation.
0.06(7000— y)+0.08y = 520

420-0.06y +0.08y = 520

0.02y =100
= ﬂ =5000
2
Back-substitute to solve for x.
x+y=7000
x+5000 = 7000
x =2000

$2000 was invested at 6% and $5000 was invested
at 8%.
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14. Let x = the amount invested in stocks.

15.

16.

158

Let y = the amount invested in bonds.
x+y=11000

0.05x+0.08y =730

Solve the first equation for x.

x=11000-y

Substitute this result for x in the second equation.
0.05(11000 — y) +0.08y =730

550—0.05y +0.08y = 730

0.03y =180
y= 180 _ 6000
0.03
Back-substitute to solve for x.
x+y=11000
x+ 6000 =11000
x =5000

$5000 was invested in stocks and $6000 was
invested in bonds.

Let x = the amount in the first fund.
Let y = the amount in the second fund.
0.09x +0.03y =900

0.10x+0.01y = 860

Multiply the second equation by —3 and add the
two equations.
0.09x +0.03y =900

—0.30x—-0.03y =-2580
-0.21x=-1680

x = 8000
Back-substitute to solve for y.
0.10x+0.01y = 860

0.10(8000)+0.01y = 860
800+0.01y = 860

0.01y =60
y= 60 _ 6000
0.01

$8000 was invested in the first fund and $6000 was
invested in the second fund.

Let x = the amount in the first fund.
Let y = the amount in the second fund.
0.08x+0.05y =1330

0.12x+0.02y =1500

Multiply the first equation by —1.5 and add the two
equations.

17.

18.

-0.12x-0.075y = —1995
0.12x+0.02y = 1500

—0.055y =495

y =9000
Back-substitute to solve for y.
0.12x+0.02y = 1500

0.12x+0.02y = 1500
0.12x +0.02(9000) = 1500
0.12x +180 = 1500

0.12x =1320
x= 1320 =11000
0.12

$11,000 was invested in the first fund and $9,000
was invested in the second fund.

Let x = amount invested with 12% return.
Let y = amount invested with the 5% loss.
x+y=20,000

0.12x-0.05y =1890

Multiply the first equation by 0.05 and add the two
equations.
0.05x +0.05y = 1000

0.12x—0.05y = 1890

0.17x = 2890
x=17,000

Back-substitute to solve for y.
x4+ y=20,000

17,000+ y = 20,000
y = 3,000

$17,000 was invested at 12% return and $3000 was
invested at a 5% loss.

Let x = amount invested with 14% return.
Let y = amount invested with the 6% loss.
x4+ y=230,000

0.14x—0.06y = 200

Multiply the first equation by 0.06 and add the two
equations.

0.06x +0.06y = 1800
0.14x-0.06y = 200

0.20x = 2000
x =10,000

Back-substitute to solve for y.
x+y=230,000

10,000+ y = 30,000
y = 20,000

$10,000 was invested at 14% return and $20,000
was invested at a 6% loss.
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19. Letx = gallons of 5% wine.
Let y = gallons of 9% wine.

x+y=200
0.05x+0.09y = 0.07 (200)
or

x+y=200

0.05x+0.09y =14
Solve the first equation for x.
x+y =200
x=200—-y
Substitute this expression for x in the second
equation.

0.05(200— y)+0.09y = 14
10-0.05y+0.09y =14
0.04y=4
y =100
Back-substitute and solve for x.
x=200—-y
=200-100

=100
The wine company should mix 100 gallons of the
5% California wine with 100 gallons of the 9%
French wine.

20. Letx = ounces of 16% gold content.
Let y = ounces of 28% gold content.

x+y=32
0.16x+0.28y = 0.25(32)
or

x+y=32

0.16x+0.28y =8

Solve the first equation for x.

x=32-y

Substitute this result for x into the second equation
and solve for y.

0.16(32-y)+0.28y =8
5.12-0.16y +0.28y =8

0.12y =2.88

y=24

Back-substitute to solve for x.
x=32-y=32-24=8
You would need to use 8 ounces of 16% gold
content and 24 ounces of 28% gold content.

21.

22,

Let x = grams of 18-karat gold.
Let y = grams of 12-karat gold.

x+y =300
0.75x+0.5y = 0.58(300)
or

x+y =300

0.75x+0.5y =174

Solve the first equation for x.

x=300-y

Substitute this result for x into the second equation
and solve for y.

0.75(300 - y) +0.5y=174
225-0.75+0.5y =174
-0.25y =-51
y =204
Back-substitute to solve for x.
x=300-y=300-204 =96
You would need 96 grams of 18-karat gold and 204
grams of 12-karat gold.

Let x = gallons of cream.
Let y = gallons of milk.

x+y=50
0.25x+0.35y = 0.125(50)
or
x+y=50

0.25x+0.035y = 6.25

Multiply the first equation by —0.25 and add the
two equations.
-0.25x-0.25y =-12.5

0.25x+0.035y = 6.25

~0.215y =—-6.25

y =29.07
Back-substitute to solve for x.
x+y=50
x+29.07 =50
x=20.93

20.93 gallons of cream and 29.07 gallons of milk
should be mixed.
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23. Let x = pounds of cheaper candy.

24,

160

Let y = pounds of more expensive candy.

x+y=75
1.6x+2.1y = 1.9(75)
or

x+y=75

1.6x+2.1y =142.5
Multiply the first equation by —1.6 and add the two
equations.
-1.6x—-1.6y=-120
1.6x+2.1y =142.5

0.5y=225
y=45
Back-substitute to solve for x.
x+45=175

x=30
The manager should mix 30 pounds of the cheaper
candy and 45 pounds of the more expensive candy.

Let x = pounds of raisins.
Let y = pounds of granola.

x+y=10
2x+3.25y =2.50(10)
or
x+y=10
2x+3.25y =25
Solve the first equation for x.
x=10-y

Substitute this result for x into the second equation
and solve for y.
2(10— y)+3.25y =25

20-2y+3.25y =25

1.25y =5
y=4
Back substitute to solve for x.
x+y=10
x+4=10

x=6
The grocer needs to use 6 pounds of raisins and 4
pounds of granola.

25.

26.

Let n = the number of nickels.
Let d = the number of dimes.
n+d=15

0.05n+0.1d =1.10

Solve the first equation for n.

n=15-d

0.05(15-d)+0.1d =1.10

0.75-0.05d +0.1d =1.10
0.05d = 0.35

d=17
Back-substitute to solve for n.
n+7=15

n=3§
The purse has 8 nickels and 7 dimes.

Let d = the number of dimes.
Let g = the number of quarters.
d+g=15
0.10d +0.25¢g = 3.30
Solve the first equation for d.
d=15-¢q
0.10(15- q) +0.25g =3.30
1.5-0.1g +0.25g = 3.30
0.15g=1.8
qg=12
Back-substitute to solve for d.
d+12=15

d=3

The purse has 3 dimes and 12 quarters.
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27. Let x = the speed of the plane in still air.
Let y = the speed of the wind.

| Rate x Time = Distance
Trip with the Wind | x+y 5 5(x+y)
Trip against the Wind | x —y 8 8(x—y)
5(x + y) =800
8(x - y) =800
S5x+5y =800
8x -8y =800

Multiply the first equation by 8 and the second equation by 5.
40x +40y = 6400

40x — 40y = 4000
80x =10400

x =130
Back-substitute to find y.
S5x+5y =800

5(130)+5y =800
650+5y =800
S5y =150
y =30
The speed of the plane in still air is 130 miles per hour and the speed of the wind is 30 miles per hour.

28. Let x = the speed of the plane in still air.
Let y = the speed of the wind.

| Rate x Time = Distance
Trip with the Wind | x+y 6 6(x+y)
Trip against the Wind | x —y 7 T(x-y)
6(x+ y)=4200
7 (x - y) =4200
Divide the first equation by 6 and the second equation by 7 and solve by addition.
x+y=700
x—y =600
2x =1300
x =650

Back-substitute to find y.
650+ y =700

y=50
The speed of the plane is 650 mph and the speed of the wind is 50 mph.
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29. Let x = the crew’s rowing rate.
Let y = the rate of the current.

| Rate x Time = Distance
Trip with the Current | x+y 2 2(x+y)
Trip against the Current | x—y 4 4(x-y)
2(x + y) =16
4(x - y) =16
Rewrite the system in Ax+ By = C form.
2x+2y=16
4x-4y=16
Multiply the first equation by —2.
—4x—-4y=-32
4x-4y= 16
-8y =-16
y=2
Back-substitute to find x.
2x+2 (2) =16
2x+4=16
2x =12

x=6
The crew’s rowing rate is 6 kilometers per hour and the rate of the current is 2 kilometers per hour.

30. Letx = the boat’s rate in still water.
Let y = the rate of the current.

| Rate x Time = Distance
Trip with the Current | x+y 1.5 1.5(x+y)
Trip against the Current | x—y 2 2(x-y)
I.S(x + y) =36
Z(x - y) =36
Divide the first equation by 1.5 and the second equation by 2 and solve by addition.
x+y=24

x—y=18
2x=42
x=21

Back-substitute to find y.
x+y=24

21+y=24
y=3
The speed of the boat in still water is 21 miles per hour, and the rate of the current is 3 miles per hour.
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31. Let x = the speed in still water.
Let y = the speed of the current.

| Rate x Time = Distance
Trip with the Current | x+y 4 4(x+y)
Trip against the Current | x—y 6 6(x—y)

4(x+ y)=24

3
6(x—y)= 2(24)
Rewrite the system in Ax+ By = C form.
4dx+4y=24
6x—6y=18

Multiply the first equation by —3 and the second equation by 2.
-12x-12y=-72

12x-12y =36
-24y=-36
y=15
Back-substitute to find x.
4x+4y =24

4x+4(1.5)=24
4x+6=24
4x =18
x=45
The speed in still water is 4.5 miles per hour and the speed of the current is 1.5 miles per hour.

32. Let x = the speed in still water.
Let y = the speed of the current.

| Rate x Time = Distance
Trip with the Current | x+y 3 3(x+y)
Trip against the Current | x—y 4 4(x-y)

3(x+ y) =24

4(x-2)=3(24)
Divide the first equation by 3 and the second equation by 4 and solve by addition.
x+y=38
x-y=4
2x=12
x=6

Back-substitute to find y
x+y=8

6+y=8
y=2
The rowing speed in still water is 6 mph and the speed of the current is 2 mph.
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33. Let x = the larger score. —2x-4y=-360
L;:t_ yy: _ﬂE smaller score. 2x+y=210
x+y—8() -3y =-150
2 y =50
Rewrite the second equation in standard form. Back-substitute to solve for x.
x—y=12 x+2y=180
x+y=160 x+2(50)=180
Add the two equations. x+100=180
x-y=12 x=80
x+y=160 The three interior angles measure 80°, 50°, and
2 =172 S0°.
x =86 36. x+2y =180
Back—su_bstltute to solve for y. (3x + 15) +y=180
x—y=12
_ Rewrite the second equation in standard form.
86—y=12
- x+2y=180
y= 3x+y=165
y =74 Multiply the first equation by —3 and add the
The two test scores are 74 and 86. equations.
34. Let x = the larger score. —3x -6y =-540
Let y = the smaller score. 3x+y=165
x-y=38 -5y =-375
XY _gg y=175
2 ) o Back-substitute to solve for x.
Rewrite 2ghe second equation in standard form. x+2y =180
XxX—vyv=
Y x+2(75) =180
x+y=176
Add the two equations. x+150 =180
x—y=8 x =30
The three interior angles measure 30°, 75°, and
x+y=176 o
rryz 75°.
2x =184
x=92 37. Let x = the lot length.
Back-substitute to solve for y. Let y = the lot width.
x—y=8 2x+2y =220
92-y=8 20x+8(2y)=2040
—y=-84 Rewriting the second equation gives the following
_g4 equivalent system:
y= 2x+2y =220
The two test scores are 92 and 84. 20x +16y = 2040
3s. x+2y=180 Multiply the first equation by —8 and add the two
equations.

(2x—30)+ y =180

) o —-16x—-16y =—-1760
Rewrite the second equation in standard form.

x+2y =180 20x+16y = 2040
2x+y=210 4x =280
Multiply the first equation by —2 and add the x=170
equations.

164 Copyright © 2017 Pearson Education, Inc.



38.

39.
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Back-substitute to find y.
2x+2y =220

2(70)+2y =220
14042y =220
2y =280
y =40
The lot is 70 feet long and 40 feet wide.

Let x = the length of the rectangular lot,
Let y = the width of the rectangular lot
2x+ 2y = 260

16x+5(2y) =1780

2x+ 2y = 260

16x+ 10y =1780
Multiply the first equation by —8.
-16x-16y =-2080

16x+10y = 1780

-6y =-300
y=50
Back-substitute to find x.
2x+2y =260

2x+2(50) =260
2x+100 =260
2x =160

x =280

The length is 80 feet and the width is 50 feet.

Let x = the number of two-seat tables.
Let y = the number of four-seat tables.
2x+4y =56

x+y=17

Multiply the second equation by —2 and add the

two equations.
2x+4y =56
—2x-2y=-34
2y=22
y=11
Back-substitute to find x.
x+y=17
x+11=17
x=06

The owners should buy 6 two-seat tables and 11

four-seat tables.

40. Let x = the number of rooms with kitchen facilities.
Let y = the number of rooms without kitchen
facilities.

x+y =200
100x +80y =17,000
Solve the first equation for y.
y=200-x
100x +80(200 — x) = 17,000
100x + 16,000 — 80x = 17,000

20x = 1,000
x=50
Back substitute to solve for y.
x+y=200
50+ y =200
y =150

The hotel has 50 rooms with kitchen facilities and
150 rooms without kitchen facilities.

41. At the break-even point, R(x)=C(x).
50x =10,000+ 30x
20x =10,000
20x =10,000

x =500
500 radios must be produced and sold to break
even.

42. To have a profit, the revenue must surpass the costs.
R (x) >C (x)
50x > 10,000 + 30x
20x > 10,000
20x > 10,000

x>500
More than 500 radios must be produced and sold to
have a profit.

43. R(x) =50x
R(200) = 50(200) = 10,000
C(x) =10,000+ 30x
)

€(200) = 10,000 +30(200)
= 10,000+ 6000 = 16,000

R(200) - €(200) = 10,000 — 16,000

=-6000
This means that if 200 radios are produced and sold
the company will lose $6000.
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44.

45.

46.

47.

166

R(300) = 50(300) =15,000 48. a. The cost function is
C(x)=100,000+100x .
€(300) = 10,000 +30(300) () *
=10,000+9000 = 19,000 b. The revenue function is R(x) =300x .
R(300) - C(300) = 15,000 19,000 c. At the break-even point, R(x)=C(x).
=—-4000 300x = 100,000 +100x
This means that if 300 radios are produced and sold 200x = 100.000
the company will lose $4000. ’
x =500
a. P(x) = R(x) - C(x)
= 50x — (10,000 +30x) R(x)=300x
= 50x - 10,000 30x R(500) = 300(500)
= 20x - 10,000 = 150,000
When 500 bicycles are produced and sold, both
p(x) =20x—10,000 cost and revenue are $150,000.

49. a. The cost function is:

b. P(10,000) = 20(10,000) - 10,000
C(x)= 30,000+ 2500x

= 200,000 -10,000 = 190,000

It '}101,3000 rgaéiiooosoare produced and sold the profit b. The revenue function is:
will be $190,000. R(x)=3125x
a. P(x) = R(x) - C(x)
= 50x — (10,000 + 30x) c. At the break-even point, R(x)=C(x).
=50x-10,000-30x 3125x = 30000 + 2500x
=20x-10,000 625x = 30000
b. P(20,000)=20(20,000)-10,000 x =48
) ( ’ ) h ( ’ )_ ’ After 48 sold out performances, the investor will
= 400,000 -10,000 break-even. ($150,000)
= 390,000
If 20,000 radios are produced and sold the profit 50. a. The cost function is C(x) = 30,000+ 0.02x
will be $390,000.

o b. The revenue function is R(x) =0.5x
a. The cost function is:

C(x)=18,000 +20x c. At the break-even point,

. R(x)=C(x)
b. The revenue function is: 0.5 = 30.000 4 0.02
R(x)=80x 5x=30,000+0.02x
0.48x = 30,000
c. At the break-even point, R(x)=C(x). x = 62,500
80x =18,000 + 20x
60x = 18,000 R(x)=0.5x
— 300 R(62,500) = 0.5(62,500) = 31,250
= For 62,500 cards, both cost and revenue are
$31,250.
R(x) =80x
R(300) = 80(300) 51.-58. Answers will vary.
= 24,000

When approximately 300 canoes are produced
the company will break even with cost and
revenue at $24,000.
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61.
62.
63.

64.
65.

66.
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R(x)=50x
C(x) =20x+180

NORMAL FLOAT AUTO REAL RADIAN MP n

CALC INTERSECT

500 Y2=20X+180

0In*tersec:tion 10
X=6 Y=300

The break-even point is 6 units. When 6 units are
produced and sold, cost and revenue are the same at
$300.

R(x)=92.5x; C(x)=52x+1782

NORMAL FLOAT AUTO REAL RADIAN MP n
CALC INTERSECT

10 000Y2=52X+1?82

@ Intersection 100
X=4Yy Y=4070

The break-even point is 44 units. When 44 units are
produced and sold, cost and revenue are the same at
$4070.

Answers will vary
makes sense

does not make sense; Explanations will vary.
Sample explanation: Mixing a 50% acid solution
with a 25% acid solution will produce an acid
solution that is between 25% and 50%.

makes sense
makes sense

Let x=number of gallons of 45% antifreeze solution.

Let y=number of gallons of pure antifreeze.
x+y=4

0.45x+y =0.60(4)

or

x+y=4
045x+y=24
Solve the first equation for y.
y=4-x

Substitute into the second equation and solve for x.

67.

68.

045x+(4-x)=24
-0.55x=-1.6
x=29
Back-substitution to find y.
y=4-x=4-29=1.1
1.1 gallons should be drained and replaced with
pure antifreeze to have a 60% antifreeze solution.

Let i = the number of hexagons.

Let s = the number of squares.

We need to solve the following system of equations:
6h+s5 =52 (band)

h+4s=24 (pom-pom)
Multiply the first equation by —4 and add the

equations.
—24h —4s5 = -208
h+4s=24
—23h =-184
h =8
Back-substitute to solve for s.
6h+s =52
6(8) +s5=52
48+s5 =152
s=4

The students can form 8 hexagons and 4 squares.

Let b = the number of boys.
Let g = the number of girls.
g=b-1
b=2(g-1)
Substitute b—1 for g to find b.
b=2((b-1)-1)
b= 2(b - 2)
b=2b-4
-b=-4
b=4
Back-substitute 4 for b to find g.
g=b-1=4-1=3
There are 4 boys and 3 girls in the family.
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69.

70.

71.

168

Let ¢ = the original tens-place digit.
Let u = the original ones-place digit.
x+u=14 (digits sum)

(10x+u)—(10u+x) =36 (score diff.)
Simplify the second equation so it is in standard
form.
10x+u—10u—x =36

9x—-9u =36
Solve the following system:

x+u=14

9x—9u =36
Multiply the first equation by 9 and add the two
equations.
9x+9u =126
9x—-9%u =36
18x =162
x =9
Back-substitute to solve for u.
x+u=14

9+u=14
u=>5
Therefore, your original score was 95.

Let x = the cost of the mangos.

Let y = the cost of the avocados.
x+y=67

0.20x-0.02y =8.56

Multiply the first equation by 0.02.

0.02x+0.02y =1.34

0.20x-0.02y =8.56

0.22x=9.90
x=45

Back-substitute to find y.

x+y=67
45+ y =67

y=22

The dealer paid $45 for the mangos and $22 for the
avocados.

Passing through (-2,5) and (-6,13)
First, find the slope.

x,—x  —6-(-2) -4
Use the slope and one of the points to write the
equation in point-slope form.

y=—n =m(x—x1)
y-5=-2(v-(-2)
y=5=-2(x+2)

72.

73.

74.

75.

76.

or
Y=—n :m(x_xl)
y-13=-2(x—(-6))
y-13=-2(x+6)
Rewrite the equation in slope-intercept form by
solving for y.
y—13= —2(x+6)

y=—2x—-12+13

y==-2x+1
In function notation, the equation of the line is
f (x) =-2x+1.

Since the line is parallel to —x+ y =7, we can use

it to obtain the slope. Rewriting the equation in
slope-intercept form, we obtain y = x+7. The

slope is m =1. We are given that it passes through
(-3, 0). We use the slope and point to write the
equation in point-slope form.
Y= =m(x—x1)

y=0=1(x~(-3))

y=-0= l(x + 3)
Rewrite the equation in slope-intercept form by
solving for y.
y—0=1(x+3)

y=x+3

In function notation, the equation of the line is

f(x)=x+3.

Since the denominator of a fraction cannot be zero,
the domain of g is (—oo,3) or (3,°).

2x—y+4z=-8

2(3)-(2)+4(-3)=-8
-8 =-8, true

Yes, the ordered triple satisfies the equation.
Sx—-2y—-4z=3
3x+3y+2z=-3
Multiply Equation 2 by 2.
Sx-2y—-4z=3

6x+6y+4z=-6
Then add to eliminate z.

Sx-2y—-4z=3
6x+6y+4z=-6
11x+4y =-3

ax* +bx+c= y
a(®)? +b(4) +c =1682
16a +4b + ¢ = 1682
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3.3 Check Points

1. Test the ordered triple in each equation.
x =2y 43z =22
(-D =24 +30) =22

22 =122, true
2x-3y —z =5
2(-1)=3(-4) -5 =5
5 =5, true

3x+y—-5z=-32
3D+ (-4)-5(5)=-32
-32=-32, true
The ordered triple (—1, —4, 5) makes all three
equations true, so it is a solution to the system.

2. x+4y-2z=20
3x+2y+2z=8
2x-3y+2z=-16
Add the first two equations to eliminate z.

x+4y—-2z=20
3x+2y+z= 8
4x+6y =28

Multiply the first equation by 2 and add to the third
equation to eliminate z again.

2x+8y—-2z=40

2x-3y+2z=-16

4x+5y =24

Solve the system of two equations in two variables.
4x+6y =28

4x+5y=24

Multiply the second equation by —1 and add the
equations.
4x+6y =128

—4x-5y=-24

y=4
Back-substitute 4 for y to find x.
4x+6y =28
4x+6(4)=28
4x+24=28
4x =4
x=1
Back-substitute into an original equation.
3x+2y+z=8
3(D+24)+z=8
11+z=38
z=-3
The solution is (1,4,—3) and the solution set is

{143}

Section 3.3 Systems of Linear Equations in Three Variables

2y—z=1
x+2y+z=17
2x-3y+2z=-1
Since the first equation already has only two
variables, use the second and third equations to
eliminate x.
Multiply the second equation by —2 and add to the

third equation.
—2x—-4y-2z=-34

2x-3y+2z=-1

-7y =-35
-7y =35
=
y=35
Back-substitute 5 for y to find z.
2y—z=17
2(5)—-z=17
10-z=7
-z=-3
z=3

Back-substitute into an original equation to find x.
x+2y+z=17

x+205)+@3)=17
x+13=17
x=4
The solution is (4,5,3) and the solution set is

{(4.5.3)}.

. Use each ordered pair to write an equation.

(x,y) = (1,4)
y=ax2+bx+c
4=a(1y +b(1)+c
4=a+b+c

(x,y)=(2,D)
y=ax2+bx+c
1=a(2) +b(2)+¢
l=4a+2b+c

(x,y) =G4
y=ax2+bx+c
4=a(3) +b(3)+c
4=9a+3b+c
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The system of three equations in three variables is:

a+b+c=4
da+2b+c=1
9a+3b+c=4

Multiplying the first equation by —1 and adding it to the second gives 3a +b = -3.
Multiplying the first equation by —1 and adding it to the third gives 8a +2b = 0.
Solve this system of two equations in two variables.

3a+b=-3
8a+2b=0
Multiply the first equation by —2 and add to the second equation.
—-6a-2b=6
8a+2b=0
2a=6
a=3
Back-substitute to find b.
3a+b=-3
33)+b=-3
9+b=-3
b=-12
Back-substitute into an original equation to find c.
a+b+c=4
B)+(-12)+c=4
O+c=4
c=13

The quadratic function is y = 3x> —12x+13 or f(x)=3x* —12x+13.

3.3 Concept and Vocabulary Check
1. triple; all
2. 2; -4
3. z; add Equations 1 and 3
4. quadratic

5. curve fitting

3.3 Exercise Set
1. Test the ordered triple in each equation.
x+y+z=4 x=2y —z =1 2x—-y—-z=-1
2-1+3=4 2-2(-H-3 =1 2(2)—(—1)—3=—1
4 = 4, true 2+2-3 =1 4+1-3=-1
1 =1, true 2 =-1, false

The ordered triple (2, —1, 3) does not make all three equations true, so it is not a solution.
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. Test the ordered triple in each equation.

x+y+z=0 x+2y-3z=5 3x+4y+2z=-1
5-3-2=0 5+2(-3)-3(-2)=5 3(5)+4(-3)+2(-2)=-1
0=0, true 5-6+6=5 15-12-4=-1

5=5, true —1=-1, true

The ordered triple makes all three equations true, so it is a solution.

. Test the ordered triple in each equation.

x=2y=2 2x+3y =11 y—4z=-T7

4—2(1)=2 2(4)+3(1)=11 1—4(2)=—7

4-2=2 8+3=11 1-8=-7
2=2, true 11=11, true -7 =-17, true

The ordered triple makes all three equations true, so it is a solution.

. Test the ordered triple in each equation.

x=2z=-5 y=3z=-3 2x—z=-4
-1-2(2)=-5 3-3(2)=-3 2(-1)-2=—4
1-4=-5 3-6=-3 2-2=-4
-4 =-4, true
—-5=-5, true —-3=-3, true

The ordered triple makes all three equations true, so it is a solution.

x+ y+2z=11

x+ y+3z=14

x+2y—-z=5

Multiply the second equation by —1 and add to the first equation.
x+y+2z= 11

—x—y-3z=-14
-z=-3
z= 3
Back-substitute 3 for z in the first and third equations.
x+y+22=11 x+2y—z=5
x+y+2(3)=11 x+2y-3=5
x+y+6=11 x+2y=28
xt+y=5
We now have two equations in two variables.
x+ y=5
x+2y=8
Multiply the first equation by —1 and solve by addition.
-x— y=-5
x+2y= 8
y=3
Back-substitute 3 for y into one of the equations in two variables.
x+y=5
x+3=5
x=2

The solution is (2, 3,3) and the solution set is {(2,3,3)}.

Copyright © 2017 Pearson Education, Inc. 171



Chapter 3 Systems of Linear Equations

6. Multiply the first equation by 3 and add to the

second equation.

6x+3y—6z=-3
3x-3y— z= 5
Ix-T7z=2

Multiply the first equation by 2 and add to the third
equation.
dx+2y—4z=-2
x=2y+3z= 6
Sx—z=4
We now have two equations in two variables.
Ix-T7z=2
Sx— z=4
Multiply the second equation by —7 and eliminate y.
Ox-Tz= 2

—35x+7z=-28
—26x=-26
x=1

Back-substitute 1 for x into one of the equations in
two variables.

5(1)-z=4

5-z=4
—z=-1

z=1

Back-substitute 1 for x and 1 for z into one of the
original equations in three variables.

2x+y-2z=-1
2(1)+y-2(1)=-1
24+y-2=-1
y=-1

The solution is (1,—1,1) and the solution set is
{(L-L1)}.

4x— y+2z=11

x+ 2y—- z=-1
2x+ 2y—-3z=-1
Multiply the second equation by —4 and add to the
first equation.

4x— y+2z=11
—4x-8y+4z= 4

-9y+6z=15

Multiply the second equation by —2 and add it to the

third equation.
2x-4y+2z=2

2x+2y—-3z=-1

-2y- z=1

We now have two equations in two variables.
-Oy+6z=15

—2y—- z=1

Multiply the second equation by 6 and solve by
addition.

-9y+6z=15
-12y-6z= 6
21y =21

y =-1

Back-substitute —1 for y in one of the equations in
two variables.

—2y-z=1

“2(-1)-z=1

2-z=1
—z=-1

z=1

Back-substitute —1 for y and 1 for z in one of the
original equations in three variables.

x+2y—-z=-1
x+2(-1)-1=-1
x-2-1=-1
x=3=-1

x=2

The solution is (2,—1, 1) and the solution set is

{(2.-11)}.

. Add the first and second equations to obtain an

equation in two variables.
x— y+3z= 8
3x+ y—2z=-2
4x+z=6
Multiply the second equation by —4 and add it to
the third equation.
—12x—-4y+8z=8
2x+4y+2z=0
-10x+9z=8
We now have two equations in two variables.
d4x+ z=6

—-10x+9z=28
Multiply the first equation by -9 and add to the
second equation.

—36x—-9z7=-54

-10x+9z= 8

—46x =-46
x=1
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Back-substitute 1 for x in one of the equations in
two variables.
4x+z=6

4(1)+z=6
4+z=6
z2=2
Back-substitute 1 for x and 2 for z in one of the
original equations in three variables.
x—y+3z=8
1-y+ 3(2) =8
1-y+6=8
-y+7=8
—y=1
y=-1
The solution is (1,—1, 2) and the solution set is

{112,

3x+2y-3z=-2

2x=5y+2z=-2

4x-3y+4z=10

Multiply the second equation by —2 and add to the
third equation.

—4x+10y-4z=4
4x— 3y+4z=10
Ty =14
y =2
Back-substitute 2 for y in the first and third

equations to obtain two equations in two unknowns.

3x+2y-3z=-2
3x+2(2)-3z=-2
3x+4-3z=-2
3x-3z=-6
4x-3y+4z=10
4x-3(2)+4z=10
4x-6+4z=10

4x+4z=16
The system of two equations in two variables
becomes:

3x-3z=-6
4x+4z=16
Multiply the first equation by —4 and the second
equation by 3.
-12x+12z=24
12x+12z =48
24z="172
z=3

Section 3.3 Systems of Linear Equations in Three Variables

10.

Back-substitute 3 for z to find x.
3x-3z=-6
3x-3 (3) =6
3x-9=-6
3x=3
x=1
The solution is (1,2,3) and the solution set is

{(1.2.3)}.

Multiply the first equation by —3 and the second
equation by 2 and add.
—-6x—-9y—-21z=-39
6x+4y—10z=-44
-5y—-31z=-83
Multiply the second equation by —5 and the third
equation by 3 and add.
-15x-10y+25z=110
15x+21y— 9z=-86
11y +16z =26
The system of two equations in two variables
becomes:
-5y—-31z=-83
11y +16z= 26
Multiply the first equation by 11 and the second
equation by 5.
-55y—-341z=-913
55y+ 80z= 130
—261z=-783
z=3
Back-substitute 3 for z in one of the equations in
two variables.

~5y-31z=-83

—5y-31(3)=-83

-5y-93=-83
-5y =10
y=-2

Back-substitute —2 for y and 3 for z in one of the
original equations in three variables.
2x+3y+7z=13

2x+3(-2)+7(3) =13
2x—-6+21=13
2x+15=13
2x=-2
x=-1

The solution is (—1, —2,3) and the solution set is

{123}
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11. 2x-4y+3z=17

x+2y—- z=0
4x— y— z=6
Multiply the second equation by —1 and add it to the
third equation.

—x-2y+z=0
4x— y—z=6
3x-3y =6

Multiply the second equation by 3 and add it to the
first equation.

2x—-4y+3z=17
3x+6y-3z=0
Sx+2y =17
The system in two variables becomes:
3x-3y=6
Sx+2y=17

Multiply the first equation by 2 and the second
equation by 3 and solve by addition.

6x—6y=12
15x+6y =51
21x =63

X =3

Back-substitute 3 for x in one of the equations in
two variables.

3x-3y=6
3(3)—3y=6
9-3y=6

-3y=-3
y=1

Back-substitute 3 for x and 1 for y in one of the
original equations in three variables.

x+2y-2z=0
3+42(1)-z=0
342-2=0
5-z=0
5=z

The solution is (3, 1,5) and the solution set is

{3.15)}.

12.

13.

Multiply the third equation by 2 and add it to the
second equation.

x+2y— z=1
4x-2y+2z=6
Sx+z=17
The system in two variables becomes:
x+z=3
Sx+z=17

Multiply the first equation by —1 and to the second
equation.

-x—-z=-3

Sx+z=17
4x=4
x=1

Back-substitute 1 for x in one of the equations in
two variables.

x+z=3
1+4z=3
z=2

Back-substitute 1 for x and 2 for z in one of the
original equations in three variables.

x+2y—-z=1
1+2y-2=1
2y—-1=1
2y =2

y=1

The solution is (1,1,2) and the solution set is

{12)}

2x+ y =2
x+ y—-z=4
3x+2y+z=0

Add the second and third equations together to
obtain an equation in two variables.

x+ y—-z=4
3x4+2y+2z=0
4x+3y =4

Use this equation and the first equation in the
original system to write two equations in two
variables.

2x+ y=2

4x+3y=4

Multiply the first equation by -2 and solve by
addition.

—4x—-2y=-4
4x+3y= 4
y= 0
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Back-substitute 0 for y in one of the equations in
two unknowns.

2x+y=2
2x+0=2
2x=2
x=1

Back-substitute 1 for x and O for y in one of the
equations in three unknowns.

x+y-—z=4
1+0-z=4
1-z=4
-z=3
z=-3

The solution is (1,0, —3) and the solution set is
{(1.0.-3)}.

14. Multiply the first equation by —3 and add to the
third equation.
-3x-9y—-15z=-60
3x-2y+ 9z= 36

—1ly—-6z=-24
The system of two equations in two variables
becomes:
y—4z=-16
—11ly—-6z=-24

Multiply the first equation by 11 and add to the
second equation.

11y -44z=-176
-1ly—- 6z= -24
—50z =-200
z=4
Back-substitute 4 for z in one of the equations in
two unknowns.

y—4z=-16
y—4(4)=—16
y—16=-16
y=0

Back-substitute 0 for y and 4 for z in one of the
equations in three unknowns.

x+3y+5z=20
x+3(0)+5(4)=20
x+0+20=20
x+20=20

x=0

The solution is (O, 0,4) and the solution set is

{0.0.4)}

15.

Section 3.3 Systems of Linear Equations in Three Variables

xX+y = -4
y—z= 1
2x+y+3z=-21

Multiply the first equation by —1 and add to the
second equation.

-x-y =4
y-z=1
-x —z=5

Multiply the second equation by —1 and add to the
third equation.

-y+ z= -1
2x+y+3z=-21
2x  +4z=-22

The system of two equations in two variables
becomes:

-x— z= 5

2x+4z=-22

Multiply the first equation by 2 and add to the
second equation.

—2x-2z= 10

2x+4z=-22

2z=-12
z=-6

Back-substitute —6 for z in one of the equations in
two variables.

-x—z=35
—x—(-6)=5
-x+6=5

—x=-1
x=1

Back-substitute 1 for x in the first equation of the
original system.

x+y=-4
I+y=-4
y=->5

The solution is (1,—5,-6) and the solution set is

{(1-5-0)}.
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16.

17.

176

Multiply the first equation by —1 and add to the
second equation.
-x-y =-4
X  +z= 4
-y+z=0
The system of two equations in two variables is as
follows.

-y+z=0
y+z=4
2z=4
z=2

Back-substitute 2 for z in one of the equations in
two variables.

yt+z=4
y+2=4
y=2
Back-substitute 2 for y to find x.
x+y=4
x+2=4
x=2

The solution is (2, 2,2) and the solution set is
2.2,

2x+ y+2z=1
3x— y+ z=2
x=2y—- z=0
Add the first and second equations to eliminate y.
2x+y+2z=1
3x—y+ z=2
5x +3z=3
Multiply the second equation by —2 and add to the
third equation.
—6x+2y-2z=-4
x=2y— z= 0
=5x -3z=-4
We obtain two equations in two variables.
Sx+3z= 3

—Sx-3z=-4
Adding the two equations, we obtain:
5x+3z= 3
—S5x—-3z=-4
0=-1

The system is inconsistent. There are no values of
X, y, and z for which 0 =—1. The solution set is

®0r{ }

18.

19.

20.

Multiply the second equation by 2 and add to the
first equation.
3x+4y+5z= 8
2x—-4y+6z=-12
Sx+11z=-4

Multiply the second equation by —2 and add to the
third equation.

2x+4y—-62=12
2x—4y+6z= 8
0=20

The system is inconsistent and there is no solution.
There are no values of x, y and z for which 0=20.

The solution setis @ or { }.

Sx-2y—- 5z=1
10x—4y—-10z=2
15x-6y—15z=3
Multiply the first equation by —2 and add to the

second equation.
—10x+4y+10z=-2

10x—4y-10z= 2
0= 0
The system is dependent and has infinitely many
solutions.

Multiply the first equation by 2 and add to the
second equation.

2x+4y+27=8
3x—4y+ z=4
Sx+3z=12

Multiply the first equation by 2 and add to the
second equation.

4x+8y+4z=16
6x—-8y+2z= 8
10x +6z =24

The system of two equations in two variables
becomes:
Sx+3z=12

10x+6z =24
Multiply the first equation by —2 and add to the
second equation.

—-10x—-6z=-24
10x+6z= 24
0=0

The system is dependent and there are infinitely
many solutions.

Copyright © 2017 Pearson Education, Inc.



21.

3(2x+ y) +5z=-1
2(x—3y+4z) =-9
4(1+x)=-3(z-3y)
Rewrite each equation and obtain the system of
three equations in three variables.
6x+3y+5z=-1
2x—-6y+8z=-9
4x-9y+3z=-4
Multiply the second equation by —3 and add to the
first equation.
6x+ 3y+ S5z=-1
—6x+18y—-247=27
21y -19z=26
Multiply the second equation by —2 and add to the
third equation.
—4x+12y—-16z= 18
4x—- 9y+ 3z=-4
3y-13z= 14
The system of two variables in two equations is:
21y -19z=26
3y—-13z=14
Multiply the second equation by —7 and add to the
third equation.

21y—-19z= 26

—21y+91z=-98

T2z=-72
z=-1

Back-substitute —1 for z in one of the equations in
two variables to find y.

3y-13z=14
3y-13(-1)=14
3y+13=14
3y=1
1
'73

1
Back-substitute —1 for z and 3 for y in one of the

original equations in three variables.
6x+3y+5z=-1

6x+1-5=-1
6x—4=-1
6x=3
1
x=—
2

The solution is (%, ,—1) and the solution set is
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22. After rewriting the equations, the system becomes

—2x+6y+7z=3
—4x+5y+3z=17
—-6x+3y+5z=-4
Multiply the first equation by —2 and add to the
second equation.
4x—-12y—14z=-6
—4x+ S5y+ 3z=17
-T7y-11z=1
Multiply the first equation by —3 and add to the
third equation.
6x—-18y—-21z=-9
—6x+ 3y+ 5z=-4
—-15y—-16z=-13
The system of two variables in two equations is as
follows.
-Ty—-11z= 1
-15y-16z=-13
Multiply the first equation by —15 and the second
equation by 7 to eliminate y.
105y +165z=-15
-105y -112z=-91
53z=-106
z=-2
Back-substitute -2 for z in one of the equations in

two variables to find y.
-Ty—-1lz=1

—7y—11(—2)=1

—Ty+22=1
—Ty=-21

y=3

Back-substitute —2 for z and 3 for y in one of the
original equations in three variables.
—2x+6y+7z=3

—2x+6(3)+7(-2)=3
—2x+18-14=3
2x+4=3

—2x=-1

1

X=—

2

The solution is (%,3, —2) and the solution set is

(2]
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23. Use each ordered pair to write an equation.

(x,y)=(=16)
y=ax2+bx+c
6=a(-1)’ +b(-1)+c
6=a-b+c

(x,y) = (1,4)
y=ax2+bx+c
4=a(1)’ +b(1)+c
4=a+b+c

(x,y)=(2,9)
y=ax2+bx+c
9=a(2)’ +b(2)+c
9=a(4)+2b+c
9=4a+2b+c

The system of three equations in three variables is:
a- b+c=6
a+ b+c=4

4a+2b+c=9

Add the first and second equations.
a-b+ c=6
a+b+ c=4

2a  +2c=10

Multiply the first equation by 2 and add to the third
equation.

2a-2b+2c=12

4a+2b+ c=9

6a +3c=21

The system of two equations in two variables
becomes:
2a+2c=10

6a+3c=21
Multiply the first equation by —3 and add to the
second equation.

—6a —6¢ =-30

6a+3c= 21

—3c=-9
c=3

Back-substitute 3 for ¢ in one of the equations in
two variables.

24,

2a+2c=10

2a+2(3)=10

2a+6=10
2a=4
a=2

Back-substitute 3 for ¢ and 2 for a in one of the
equations in three variables.

at+b+c=4

2+b+3=4

b+5=4
b=-1

The quadratic function is y = 2x% —x+3.

Use each ordered pair to write an equation.
4a-2b+c= 17

a+ b+c=-2
4a+2b+c= 3

Multiply the first equation by —1 and add to the
third equation.

—4a+2b—-c=-7
4a+2b+c= 3
4b =4
b=-1

Back-substitute —1 for b to obtain a system of two
equations in two variables.

da+2b+c=3 at+b+c=-2

4a+2(-1)+c=3 a-l+c=-2

4a-2+c=3 atc=-1
4a+c=5

The system of two equations in two variables is as
follows.
da+c= 5

a+c=-1
Multiply the first equation by —1 and add to the
second equation.

-4a-c=-5

atc=-1

—-3a=-6
a=2

Back-substitute —1 for b and 2 for a in one of the
equations in three variables.

a+b+c=-2
2—1+c=-2
l+c=-2
c=-3

The quadratic functionis y = 2x% —x-3.
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25. Use each ordered pair to write an equation.

(x,y) = (=1,-4)
y=ax2 +bx+c
—4=a(-1) +b(-1)+c
-4=a-b+c

(x,y)=(1,-2)
y=ax2 +bx+c
2=a(1)’ +b(1)+c
—2=a+b+c

(x,y)=(2,5)
y= ax’> +bx+c
5=a(2) +b(2)+c
5=a(4)+2b+c
5=4a+2b+c
The system of three equations in three variables is:
a— b+tc=-4
a+ b+c=-2
4a+2b+c= 5

Multiply the second equation by —1 and add to the
first equation.

a-b+tc=-4

—-a-b-—c= 2

-2b=-2
b=1

Back-substitute 4 for b in first and third equations to
obtain two equations in two variables.

a-b+c=-4 4a+2b+c=5
a-l+c=-4  4a+2(l)+c=5
atc=-3 4a+2+c=5
4a+c=3

The system of two equations in two variables
becomes:

at+c=-3
4a+c= 3

Multiply the first equation by —1 and add to the
second equation.

—-a—c=3
4da+c=3
3a=6
a=2

Section 3.3 Systems of Linear Equations in Three Variables

26.

Back-substitute 2 for a and 1for b in one of the
equations in three variables.

a-b+c=-4
2-1+c=-4
l+c=-4
c=-5

The quadratic function is y = 2x% +x-5.

Use each ordered pair to write an equation. The
system is as follows.
a+ b+c= 3
9a+3b+c=-1
16a+4b+c= 0
Multiply the first equation by —1 and add to the
second equation.

-a-b-c=-3
9a+3b+c=-1
8a+2b=-4

Multiply the first equation by —1 and add to the
third equation.

-a— b-c=-3
16a+4b+c= 0
15a+3b=-3

The system of two equations in two variables
becomes:
8a+2b=-4

15a+3b=-3
Multiply the first equation by —3 and the second
equation by 2 to eliminate b.

—24a—-6b =12

30a+6b=-6
6a=06
a=1

Back-substitute 1 for a to find b.

8a+2b=-4
8(1) +2b=—4
8+2b=—4

2b=-12
b=-6

Back-substitute 1 for a and —6 for b in one of the
equations in three variables.

a+b+c=3
1-64+c=3
—S+c¢=3
c=8

The quadratic functionis y = x* —6x+8.
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Let x = the first number.
Let y = the second number.
Let z = the third number.
x+ y+ z=16
2x+3y+4z=46
Sx—y =31
Multiply the first equation by —4 and add to the
second equation.
—4x—-4y—-4z=-64
2x+3y+4z= 46

2x-y =-18
The system of two equations in two variables
becomes:

Sx—y= 31
—2x—y=-18
Multiply the first equation by —1 and add to the
second equation.

—Sx+y=-31

—2x—y=-18

-T7x=-49
x=7

Back-substitute 7 for x in one of the equations in
two variables.

S5x—-y=3l1
5(7)-y=31
35-y=31
—y=—4
y=4

Back-substitute 7 for x and 4 for y in one of the
equations in two variables.

x+y+z=16

T+4+2=16

11+z=16
z=5

The numbers are 7, 4 and 5.

Let x = the first number.
Let y = the second number.
Let z = the third number.

3x+y+2z=5
(x+3z)-3y=2
(2x+3y)-z=1

Rewrite the system in Ax+ By + Cz = D form.
3x+ y+2z=5
x=3y+3z=2
2x+3y- z=1

Multiply the first equation by 3 and add to the
second equation.
9x+3y+6z=15
x=3y+3z=2
10x+9z=17
Add the second and third equations to eliminate y.
x=3y+3z=2
2x+3y- z=1
3x+2z=3
Multiply the first equation by 3 and add to the

second equation.
10x+9z=17

3x+2z=3
Multiply the first equation by -3 and the second
equation by 10 to eliminate x.

—30x-27z=-51
30x+20z= 30
-7z=-21

z=3

Back-substitute 3 for z in one of the equations in
two variables.

3x+2z=3

3x+2(3)=3

3x+6=3
3x=-3
x=-1

Back-substitute —1 for x and 3 for z in one of the
equations in three variables.

x=3y+3z=2

—1—3y+3(3)=2

-1-3y+9=2

-3y+8=2
-3y=-6

y=2

The numbers are —1, 2, and 3.
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29. Simplify each equation.

)c+2_y+4+£:0
6 3 2

6(x+2_ y+4+£):6(0)
6 3 2
(x+2)-2(y+4)+3z=0
x+2-2y-8+43z=0
x—2y+3z=6

x+1 —1 z_
2 4

{5504

2(x+1)+2(y 1) =18
2x+24+2y-2-2z=18
2x+2y-z=18

9
2

x=5 y+1 z-2 19
+ + =—
4 3 2 4
pfX=5 v+l z=2)_ (19
4 3 2 4
3(x=5)+4(y+1)+6(z—2) =57
3x—15+4y+4+67—-12=57
3x+4y+62=80

Now solve the equivalent system.
x—2y+3z=6
2x+2y-z=18
3x+4y+62=80
Add the first two equations together.
x=2y+3z=6
2x+2y-z=18
3x+2z=24
Multiply the second equation by —2 and add it to
the third equation.
—4x-4y+27=-36
3x+4y+62=80

-x+8z=44
Using the two reduced equations, we solve the
system.
3x+2z=24
-x+8z=44
Multiply the second equation by 3 and add the
equations.

Section 3.3 Systems of Linear Equations in Three Variables

3x+2z=24
—3x+24z=132
26z =156
z2=6
Back-substitute to find x.
—x+ 8(6) =44
-x+48=44
-x=-4
x=4
Back substitute to find y.
x=2y+3z=6
4-2y+ 3(6) =6
-2y=-16
y=28
The solution is (4, 8,6) and the solution set is

{48.0)}

30. Simplify each equation.
x+3 y—1+ z+2 3

2 2 4 2

4()(?;-3_ y2—1+z12j=4(%)
2(x+3)-2(y-1)+(z+2)=6

2x+6-2y+2+z+2=6
2x=2y+z=-4

-5 y+1 z 25

+ —_—
2 3 4 6
IZ(X 5 y+1 Zj_lz(_éj
2 3 4 6
6(x—5)+4(y+1)=3z=-50

6x-30+4y+4-3z=-50
6x+4y—3z=-24

4 2 2 2

4():3_ y;—l+z;3j:4(_§)
(x=3)=2(y+1)+2(z-3)=-10

x=3-2y-2+42z-6=-10
x—2y+2z=1

x—3_y+1+z—3_ 5

Now solve the equivalent system.
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2x-2y+z=-4
6x+4y—-3z=-24
x—2y+2z=1

Multiply the first equation by 2 and add it to the
second equation.

4x—-4y+2z=-8
6x+4y—3z=-24
10x—z=-32
Multiply the third equation by —1 and add to the
first equation.

2x-2y+z=-4
-x+2y-2z=-1

x—z=-5
Using the two reduced equations, we solve the
system.
10x—z=-32
x—z=-5
Multiply the second equation by —1 and add it to
the first.

10x—z=-32
—x+z=5
9x =-27

x=-3
Back-substitute to solve for z.
x—z=-5

-3-z=-5
—z=-2
z=2
Back-substitute to solve for y.
x—2y+2z=1
—3—2y+2(2)=1
-3-2y+4=1
-2y=0
y=0

The solution is (—3, 0,2) and the solution set is
{302}

31. Selected points may vary, but the equation will be
the same.

y= ax*> +bx+c
Use the points (2,—2) , (4,1) , and (6,—2) to get the

system
4a+2b+c=-2

16a+4b+c=1

36a+6b+c=-2

Multiply the first equation by —1 and add to the
second equation.

32.

—4a-2b-c=2
16a+4b+c=1
12a+2b=3

Multiply the first equation by —1 and add to the
third equation.

—4a-2b—-c=2
36a+6b+c=-2

32a+4b=0
Using the two reduced equations, we get the system
12a+2b=3

32a+4b=0
Multiply the first equation by —2 and add to the
second equation.

—24a—-4b=-6
32a+4b=0
8a=-6
3
a=—-—
4
Back-substitute to solve for b.
12a+2b=3
12(—§j +2b=3
4
-9+2b=3
2b=12
b=6
Back-substitute to solve for c.
4a+2b+c=-2
4(—3)+ 2(6)+c=-2
4
3+12+c=-2

c=-11

The equation is y = —%x2 +6x—11.

Selected points may vary, but the equation will be
the same.

y= ax* +bx+c
Use the points (3,4) , (4,2) , and (5,2) to get the
system
9a+3b+c=4
16a+4b+c=2

25a+5b+c=2
Multiply the first equation by —1 and add to the
second equation.

—9a-3b-c=-4
16a+4b+c=2
Ta+b=-2
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33.

Multiply the first equation by —1 and add to the
third equation.

—9a-3b-c=—-4
25a+5b+c=2
16a+2b=-2

Use the two reduced equations to get the system
Ta+b=-2
16a+2b=-2
Multiply the first equation by —2 and add to the
second equation.

—14a-2b=4
16a +2b=-2
2a=2
a=1
Back-substitute to solve for b.
Ta+b=-2
7(1) +b=-2
T+b=-2
b=-9
Back-substitute to solve for c.
9a+3b+c=4
9(1)+3(-9)+c=4
9-27+c=4
c=22

The equation is y = x> —9x+22.

ax—by—2cz=21
ax+by+cz=0

2ax—by+cz=14

Add the first two equations.

ax—by—2cz =21
ax+by+cz=0

2ax—cz=21
Multiply the first equation by —1 and add to the
third equation.
—ax+by+2cz=-21

2ax—by+cz=14

ax+3cz=-7
Use the two reduced equations to get the following

system:
2ax—cz =21
ax+3cz =-7

Multiply the second equation by —2 and add the
equations.

34.

Section 3.3 Systems of Linear Equations in Three Variables

2ax —cz =21
—2ax—6¢cz =14
—Tcz=35

5

7=-=

c
Back-substitute to solve for x.

ax+3cz=-7
ax+3c‘(—§j =-7
c

ax—15=-7

ax =238

8

x=—

a

Back-substitute to solve for y.
ax+by+cz=0

&t

8+by-5=0
by =-3
3
=

The solution is (ﬁ,—%,—éj and the solution set is
a c

ax—by+2cz=-4
ax+3by—cz=1
2ax+by+3cz=2
Multiply the first equation by —1 and add to the
second equation.
—ax+by—-2cz=4
ax+3by—cz=1
4by —3cz =5
Multiply the first equation by —2 and add to the
third equation.
—2ax+2by—4cz=28
2ax+by+3cz=2

3by—cz=10
Use the two reduced equations to get the following
system:
4by —3cz =5
3by —cz=10

Multiply the second equation by —3 and add to the
first equation.
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4by —=3cz =5
—9by +3cz =-30
—5by =-25

5

y:Z

Back-substitute to solve for z.
4by —3cz=5

4b(§j —-3cz=5
b

20-3cz=5
—3cz=-15

=
c

Back-substitute to solve for x.
ax—by+2cz=-4

sl

ax—5+10=—4
ax=-9
9
x=——
a
The solution is (—g,g,éj and the solution set is
a c

35. a. (0,5), (50,31), (100,15)

b. Substituting each ordered pair gives:
ax* +bx+c = y

a(0)? +b(0)+c=5
a(50)* +b(50) + ¢ = 31
a(100)* +b(100) +c =15

Simplifying gives the following system:

Oa+0b+c=5
2500a +50b+c =31
10,000a +100b + ¢ =15

36. a. (10,16), (20,52), (40,23)

b. Substituting each ordered pair gives:

37.

ax* +bx+c= y
a(10)? +b(10)+c =16
a(20)* +b(20) +¢ =52
a(40)% + b(40) + ¢ = 23

Simplifying gives the following system:
10a+10b+c =16

400a +20b+c =52
1600a +40b+ ¢ = 23

. Using the three ordered pairs, (1,224), (3,176),

and (4,104), we get the following system:
a+b+c=224
9a+3b+c=176

16a+4b+c =104
Multiply the first equation by —1 and add to the
second equation.

—a—-b-c=-224
9a+3b+c=176
8a+2b=-48

Multiply the first equation by —1 and add to the
third equation.

—a—-b—-—c=-224
16a+4b+c =104
15a +3b=-120

Using the two reduced equations, we get the
following system:
8a+2b=-48

15a +3b=-120
Multiply the first equation by —3 and multiply
the second equation by 2, then add to the
equations.
—24a—-6b =144
30a +6b = 240
6a =96

a=-16
Back-substitute to solve for b.
8a+2b=-48

8(~16)+2b = 48
~128+2b =48
2b =380

b=40
Back-substitute to solve for c.
a+b+c=224

—16+40+c¢ =224
¢ =200
The function is y = —16x? +40x + 200.
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38.

b. When x =35, we get
y=-16(5)> +40(5)+200
= —16(25) +200+ 200
=-400+400
=0
After 5 seconds, the ball hits the ground.
a. a+ b+c= 46
4a+2b+c= 84

9a+3b+c=114
Multiply the first equation by —1 and add to the
second.

—a— b-c=-46
4da+2b+c= 84
3a+b=138

Multiply the first equation by —1 and add to the
third.

—a— b—c=-46
9a+3b+c=114
8a +2b =68

The system of two equations in two variables
becomes:
3a+ b=38

8a+2b =068
Multiply the first equation by —1 and add to the
second equation.

—6a -2b=-76
8a+2b= 68
2a =-8
a=-4

Back-substitute —4 for a in one of the equations
in two variables.

3a+b=38
3(~4)+b=38
~12+b=38
b=50

Back-substitute —4 for a and 50 for b in one of
the original equations in three variables.

a+b+c=46
-4 +50+c=46
46+ c =46
c=0

The quadratic functionis f(x) = —4x% +50x.

b. £(6)=—4(6)> +50(6) = —4(36)+300

= 1444300 =156

During the 6 seconds after the brakes have been

applied, a car will travel 156 feet.

Section 3.3 Systems of Linear Equations in Three Variables

39.

40.

Let x = hours Chemical Engineering Majors study
per week

Let y = hours Mathematics Majors study per week.
Let z = hours Psychology Majors study per week.
x+y+z=52

x-y=6
x—z=8
Solve the second equation for y.
x—y=6
-y=-x+6
y=x-6
Solve the third equation for z.
x—z=8
-z=—x+8
z=x-8

Substitute the expressions for x and z into the first
equation and solve for y.
X + y + z =52
y 4
—r —
x+(x-6)+(x—-8)=52

x+x—6+x—-8=52

3x-14=52
3x =66
x=22
Back-substitute to solve for y and z.
y=x-6
=22-6
=16
z=x-8
=22-8
=14

The average hours spent studying per week:
Chemical Engineering Majors:22 hours;
Mathematics Majors 16 hours; Pshchology Majors
14 hours

Let x = hours Physics Majors study per week
Let y = hours English Majors study per week.
Let z = hours Sociology Majors study per week.
x+y+z=50

x—y=4
x—z=6
Solve the second equation for y.
x—y=4
-y=-x+4
y=x-4

Solve the third equation for z.
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41.
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x—2=6
-7=-x+6
z=x-6

Substitute the expressions for x and z into the first
equation and solve for y.

X + y + z =50
——
x+(x—-4)+(x—-6)=50
x+x—-4+x-6=50
3x-10=50
3x =60
x=20
Back-substitute to solve for y and z.
y=x-4
=20-4
=16
z=x-6
=20-6
=14

The average hours spent studying per week: Physics
Majors: 20 hours; English Majors 16 hours;
Sociology Majors 14 hours

Let x = the amount invested at 8%.
Let y = the amount invested at 10%.
Let z = the amount invested at 12%.
x+y+z=6700

0.08x+0.10y+0.12z= 716
z—x—y=300
Rewrite the system in Ax+ By +Cz =D form.
X+ y+ 7=6700
0.08x+0.10y+0.12z= 716
-x- v+ z= 300
Add the first and third equations to find z.
x+y+ z=6700
-x—y+ z= 300
2z =7000
z=3500

Back-substitute 3500 for z to obtain two equations
in two variables.
x+y+2z=6700

x+ y+3500 = 6700

x+y=3200
0.08x+0.10y +0.12(3500) = 716
0.08x+0.10y +420="716
0.08x+0.10y = 296

The system of two equations in two variables
becomes:
x+ y =3200

0.08x+0.10y = 296

Multiply the second equation by —10 and add it to
the first equation.

x+ y= 3200
—0.8x+—y =-2960
0.2x =240
x =1200

Back-substitute 1200 for x in one of the equations in
two variables.

x+y= 3200
1200+ y = 3200
y = 2000

$1200 was invested at 8%, $2000 was invested at
10%, and $3500 was invested at 12%.

. Let x = the amount invested at 10%.

Let y = the amount invested at 12%.
Let z = the amount invested at 15%.
x+y+z=17000

0.10x+0.12y +0.15z = 2110

x+z=y+1000
Rewrite the system in Ax+ By +Cz =D form.
x+ y+ z=17000

0.10x+0.12y +0.15z = 2110
x— y+ z= 1000
Multiply the first equation by —1 and add to the
third equation.
—x—y—-2z=-17000
x—y+z= 1000
-2y =-16000
y = 8000

Back-substitute 9000 for y to obtain two equations
in two variables.
x+y+z=17000

x+8000 + z =17000

x+2z=9000
0.10x+0.12y +0.15z = 2110

0.10x+0.12(8000) +0.15z = 2110
0.10x+960+0.15z = 2110

0.10x+0.15z =1150
The system of two equations in two variables
becomes:
x+ z=9000

0.10x+0.15z =1150
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Multiply the second equation by —10 and add it to
the first equation.

x+ z= 9000

—x—1.5z=-11500
-0.5z=-2500
z= 5000

Back-substitute 5000 for x to find z.
x+z=9000

x+5000 = 9000

x =4000
There was $4000 invested at 10%, $8000 invested
at 12%, and $5000 invested at 15%.

Let x = the number of $8 tickets.
Let y = the number of $10 tickets.
Let z = the number of $12 tickets.

x+ y+ z= 400
8x+10y+12z=3700
x+ y = 7z

Rewrite the system in Ax+ By +Cz =D form.
x+ y+ z= 400
8x+10y +12z=3700
x+ y-Tz= 0
Multiply the first equation by —1 and add to the
third equation.

—-x—y— z=-400

x+y-Tz= 0
—8z=-400
z=50

Back-substitute 50 for z in two of the original
equations to obtain two of equations in two
variables.
x+y+z=400
x+ y+50=400
x+y=350
8x+10y +12z=3700
8x+10y+ 12(50) =3700
8x+10y+600 = 3700
8x+10y =3100
The system of two equations in two variables
becomes:
x+ y= 350
8x+10y =3100
Multiply the first equation by —8 and add to the
second equation.

Section 3.3 Systems of Linear Equations in Three Variables

44.

—-8x— 8y =-2800
8x+10y = 3100
2y =300
y =150

Back-substitute 50 for z and 150 for y in one of the
original equations in three variables.
x+y+z=400
x+150+50 =400
x+200 =400
x =200
There were 200 $8 tickets, 150 $10 tickets, and 50
$12 tickets sold.

Let x = the number of $2 packages sold.

Let y = the number of $3 packages sold.

Let z = the number of $4 packages sold.
x+ y+ z=12

6x+12y+24z=162

2x+ 3y+ 4z= 35

Multiply the first equation by —6 and add to the
second equation.

—6x— 6y— 6z=-72
6x+12y+24z7=162
6y+18z=90
Multiply the first equation by —6 and add to the
second equation.
—2x-2y-2z=-24
2x+3y+ 4z= 35
y+2z=11
The system of two equations in two variables is as
follows.
6y+18z2=90
y+ 2z=11
Multiply the second equation by —6 and add to the
first equation.

6y+18z= 90
-6y —127=-66
6z=24
z=4
Back-substitute 4 for z in one of the equations in
two variables.
y+2z=11
y+2(4)=11
y+8=11

y=3
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Back-substitute 3 for y and 4 for z in one of the
original equations in three variables.

x+ty+z= 12
x+3+4=12
x+7=12
x=95

There were 5 $2 packages, 3 $3 packages, and 4 $4
packages sold.

Let A = the number of servings of A.
Let B = the number of servings of B.
Let C = the number of servings of C.
40A +200B +400C = 660

5A+ 2B+ 4C= 25

30A+ 10B+300C =425
Multiply the second equation by —8 and add to the

first equation to obtain an equation in two variables.

40A+200B +400C = 660
—40A—- 16B— 32C =-200
184B +368C = 460

Multiply the second equation by —6 and add to the
third equation to obtain an equation in two
variables.

-30A-12B - 24C =-150
30A+10B+300C = 425
-2B+276C =275

The system of two equations in two variables
becomes:
184B +368C = 460

-2B+276C =275

Multiply the second equation by 92 and eliminate B.

184B+ 368C= 460
—184B +25392C = 25300
25760C = 25760
Cc=1
Back-substitute 1 for C in one of the equations in

two variables.
—-2B+276C =275

—-2B+276(1) =275

~2B+276 =275
2B =-1
B=t
2

Back-substitute 1 for C and % for B in one of the

original equations in three variables.

46.

5A+2B+4C =25
5A+2[%)+4(1)=25

SA+1+4=25

5SA+5=125

5A=20
A=4

1
To meet the requirements, 4 ounces of Food A, E

ounce of Food B, and 1 ounce of Food C should be
used.

Let C = the number of Children’s desks.
Let O = the number of Office desks.
Let D = the number of Deluxe desks.
2C+30+2D =100

2C+ 0+3D =100

C+ O+2D= 65
Multiply the third equation by —2 and add to the
first.
2C+30+2D= 100
—2C-20-4D=-130
O-2D=-30
Multiply the third equation by —2 and add to the
second.
2C+ O+3D= 100
—2C-20-4D=-130
-0-D=-30
The system of two equations in two variables is as
follows.

O0-2D =-30
-0- D=-30
Add the equations to eliminate O.
O0-2D =-30
-0- D=-30
-3D =-60
D =20

Back-substitute 20 for D in one of the equations in
two variables.

0-2D =-30
0-2(20)=-30
0-40=-30
0=10
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54.

5S.

56.
57.
58.

59.

60.
61.

62.

Back-substitute 20 for D and 10 for O in one of the
original equations in three variables.

C+0+2D= 65
C+10+2(20)= 65
C+10+40= 65
C+50= 65
C=15

Each week, the company should produce 15
Children’s models, 10 Office models and 20 Deluxe
models.

.—53. Answers will vary.

does not make sense; Explanations will vary.
Sample explanation: The third variable could
possibly have the same variable as one of the other
two.

does not make sense; Explanations will vary.
Sample explanation: A system of linear equations in
three variables can contain an equation of the form
y = mx +b. For this equation, the coefficient of z is

0.
makes sense
makes sense

false; Changes to make the statement true will vary.
A sample change is: The given ordered triple is one
solution to the equation, but there are an infinite
number of other ordered triples which satisfy the
equation.

false; Changes to make the statement true will vary.
A sample change is: The equation is not satisfied by
the given point.

x—y—-z=-6
2—(—3)—5=—6
2+3-5=-6
0=-6, false
true

false; Changes to make the statement true will vary.
A sample change is: The given equation in four
variables can be satisfied by real numbers. For
example, the given equation can be satisfied by (2,
0,0, 0).

x+y+z=180
(2x+5)+y=180

(2x-5)+z=180
Rewrite the system in standard form as

Section 3.3 Systems of Linear Equations in Three Variables

63.

x+y+z=180
2x+y=175
2x+2z=185

Multiply the first equation by —1 and add to the
second equation to obtain an equation with two
variables.

—-x—y—z=-180
2x+y =175
x—z=-5

Combine this equation with the third equation to
make a system of two equations.

x—z=-5
2x+z=185
3x =180
x=60
Back-substitute to find z.
x—z=-5
60—z=-5
—z=-65
=65
Back-substitute to find y.
x+y+z=180
60+ y+65=180
y =255

The angles measure 55°, 60°, and 65°.

Let # = the number of triangles.
Let r = the number of rectangles.
Let p = the number of pentagons.

From the problem, we have the following three

equations.
t+r+p=40

3t+4r+5p =153
2r+5p =172

Multiply the first equation by —3 and add it to the
second to eliminate ¢.
=3t-3r+-3p=-120
3t+4r+5p= 153
r+2p = 33
This gives us a system with two equations in two

variables.
2r+5p =172

r+2p=33

Multiply the second equation by —2 and add to
eliminate r.
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65.
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2r+5p= 72
—2r—4p =-66
p=6

Back-substitute 6 for p in one of the equations in
two variables.

r+2p=33
r+2(6)=33
r+12=33
r=21

Back-substitute 21 for r and 6 for p to find ¢.
t+r+p=40

t+21+6=40
t+27=40
t=13

There are 13 triangles, 21 rectangles, and 6
pentagons.

Let x = height of the table.
Let y = length of the wood blocks.
Let z = width of the wood blocks.

From the problem, we have the following two
equations.

x+y—-z=32

x—y+z=28

Add the two equations.

x+y—-z=32

x—y+z=28

2x =60
x=30

The height of the table is 30 centimeters.

f(x)z—%x+3

Use the slope and the y—intercept to graph the line.
y

N

N

66.

67.

68.

69.

-2x+y=6
Rewrite the equation in slope-intercept form.
—2x+y=6

y=2x+6
Use the slope and the y—intercept to graph the line.
y
5x
f(x)=-5
This line is the horizontal line, y = -5.
y
2
51y
x+2y=-1
y=1

The value for y is given and thus the value of x can
be found by back-substitution.

x+2y=-1
x+2(H)=-1
x+2=-1
x=-3

The solution is (-3, 1) and the solution set is

{3, n}.

x+y+2z=19
y+2z=13
z=5

The value for y is given and the other variables be
found by back-substitution.

y+2z=13
y+2(5) =13
y+10=13
y=3
x+y+2z=19
x+3)+2(5) =19
x+13=19
x=6

The solution is (6,3,5) and the solution set is

{(6,3,5)}.
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70.

1 2 -1
4 -3 -15

1 2 -1
4+(=HD 3+(-HQ2)

1
15+ (—4)(—1)} B {0

Mid-Chapter Check Point — Chapter 3

1.

x=3y-7
4x+3y=2
Since the first equation is solved for x already, we

will use substitution.
Let x=3y—7 in the second equation and solve for

.
4(3y-7)+3y=2
12y -28+43y=2
15y =30
y=2
Substitute this value for y in the first equation.
x=3(2)-7=6-7=-1

The solution is (—1, 2) and the solution set is
(&)

3x+4y=-5

2x—-3y=8

Multiply the first equation by 3 and the second
equation by 4, then add the equations.

9x+12y=-15
8x—-12y =32
17x=17
x=1
Back-substitute to solve for y.
3x+4y=-5
3(1)+4y =-5
3+4y=-5
4y =-8
y=-2

The solution is (1,—2) and the solution set is

{02}
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2x y

—+==6
3 5
X_V_ 4
6 2

Multiply the first equation by 15 and the second
equation by 6 to eliminate the fractions.

15(2—;+%):15(6)

10x+3y =90
Xy
6| ——=|=6(-4
(2-2]-6(-4
x=3y=-24

We now need to solve the equivalent system.
10x+3y =90

x-3y=-24
Add the two equations to eliminate y.
10x+3y =90

x—3y=-24
11x =66

x=6
Back-substitute to solve for y.
x—=3y=-24

6-3y=-24
-3y =-30
y=10

The solution is (6, 10) and the solution set is
{(6.10)}.

y=4x-5
8x—-2y=10
Since the first equation is already solved for y, we

will use substitution.
Let y =4x-5 in the second equation and solve for

X.
8x—2(4x—5)=10
8x—8x+10=10
10=10

This statement is an identity. The system is
dependent so there are an infinite number of
solutions. The solution set is

{(x,y) |y= 4x—5} or {(x,y)|8x—2y = 10}.
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5. 2x+5y=3 7. 2x—-y+2z7=-8
3x-2y=1 x+2y-3z=9
Multiply the first equation by 3 and the second 3x—y-4z=3
equation by —2, then add the equations. Multiply the first equation by 2 and add to the
6x+15y=9 second equation.
—6x+4y=-2 4x-2y+4z=-16
19y=17 x+2y-3z=9
7 Sx+z=-7
Y= 19 Multiply the first equation by —1 and add to the
Back-substitute to solve for x. third equation.
2x+5y=3 —2x+y-2z=8
3x—y—-4z=3
2x+5 (lj =3 -
19 x—6z=11
35 Use the two reduced equations to get the following
2.x +— = 3 system:
19 ystem:
Sx+z=-7
22
2x=1g x—6z=11

Multiply the first equation by 6 and add to the

11 .
x=-— second equation.
19 30x +67 = —42
The solution is (%,%} and the solution set is x—6z=11
31x =-31
(5]
— — b x=-1
1919 Back-substitute to solve for z.
Sx+z=-7
X 1
6. ——y=— 5(-1)+z=-7
2 Y74 ( 2 .
4x—48y =16 to=-
Solve the first equation for y. z=-2
olve the llrs equation tor.y Back-substitute to solve for y.
X _y== 2x—y+2z=-8
12 4
o 2(-1)-y+2(=2) =8
TR 2-y-4=-8
_x_ 1 “y=-2
T y=2
The solution is (—1, 2,—2) and the solution set is
x 1. .
Let y= o in the second equation and solve {(_1, 2,_2)}.
for x.
1 8. x -3z=-5
4x—48(6—2)=16 2x—y+2z=16
4x-4x+12=16 Tx=3y—=5z=19
12=16 Multiply the second equation by —3 and add to the
This statement is a contradiction. The system is third equation.
inconsistent so there is no solution. The solution is —6x+3y—-6z=-48
{}ora. Tx-3y-5z=19

x—11z=-29
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Use this reduced equation and the original first

equation to obtain the following system:
x-3z=-5

x—11z=-29

Multiply the second equation by —1 and add to the

first equation.

x—=3z=-5
—x+11z2=29
8z=24
z=3
Back-substitute to solve for x.
x—=3z=-5
x—3(3)= -5
x=9=-5
x=4
Back-substitute to solve for y.
2x—-y+2z=16
2(4)— y+2(3)= 16
8—y+6=16
—y=2
y=-2

The solution is (4,—2,3) and the solution set is
{(4.-2.3)}.

. Graph the two lines by using the intercepts.
2x—y=4
x-intercept: 2x—y=4
2x-0=4
2x=4
x=2

y-intercept: 2x—-y=4
2(0) -y=4
—y=4

y=-4

x+y=5
x-intercept: x+y =35
x+0=5
x=35
y-intercept: x+y =15
O+y=5
y=35

Mid-Chapter Check Point

The solution of the system is the intersection point
of the graphs. Therefore, the solution is (3, 2) and

the solution set is {(3,2)}.

. Graph the two lines by using the slope and y-

intercept.

y=x+3
y-intercept: b =3

| —

slope: m=1=

Plot the points

1
Y=y

—_

0,3) and (0+1,3+1)=(1,4)

y-intercept: b =0

lope: m=—-—=—
slope: m D
Plot the points (0,0) and (0+2,0-1)=(2,-1).
y

The solution of the system is the intersection point
of the graphs. Therefore, the solution is (—2,1) and

the solution set is {(—2, 1)}

11. a. C(x)= 400,000+ 20x

b. R(x)=100x

C. P(x) = R(x)— C(x)
=100x — (400, 000+ 20x)
= 80x —400,000
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12.

13.
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d. The break-even point is the point where cost and

revenue are the same. We need to solve the

system
y = 400,000+ 20x
y=100x

Let y =400,000+20x in the second equation

and solve for x.
400,000+ 20x = 100x

400,000 = 80x
5000 = x
Back-substitute to solve for y.
y =100x
=100(5000)
= 500,000

Thus, the break-even point is (5000, 500,000) .

The company will break even when it produces
and sells 5000 PDAs. At this level, the cost and
revenue will both be $500,000.

Let x = the number of roses.
Let y = the number of carnations.
x+y=20
3x+1.5y=39
Solve the first equation for x.
x+y=20
x=20-y
Substitute this expression for x in the second
equation and solve for y.

3(20-y)+1.5y =39
60-3y+1.5y=39
-1.5y=-21
y=14
Back-substitute to solve for x.
x=20-y=20-14=6
There are 6 roses and 14 carnations in the bouquet.

Let x = the amount invested at 5%.
Let y = the amount invested at 6%.
x+y=15,000
0.05x+0.06y = 837
Solve the first equation for x.
x+y=15,000
x=15,000-y

Substitute this expression for x in the second
equation and solve for y.

14.

15.

0.05(15,000 - y)+0.06y = 837
750-0.05y +0.06y = 837

0.01y =87
y = 8700
Back-substitute to solve for x.
x=15,000—-y
=15,000—-8700
= 6300

You invested $6300 at 5% and $8700 at 6%.

Let x = gallons of 13% nitrogen.
Let y = gallons of 18% nitrogen.

x+y=50
0.13x+0.18y = 0.16(50)
or

x+y=50

0.13x+0.18y =8
Solve the first equation for x.
x+y=50
x=50-y
Substitute this expression for x in the second
equation and solve for y.
0.13(50— y)+0.18y =8
6.5-0.13y+0.18y =8
0.05y=1.5
y =30
Back-substitute to solve for x.
x=50-y=50-30=20
The manager should mix 20 gallons of the 13%
nitrogen with 30 gallons of the 18% nitrogen.

Let w = the rate of the water (current).

Let r = your average rowing rate.

For this problem we will make use of the distance
traveled formula: d =r-t

In addition, remember that when you go with the
current you add the rate of the current to your
rowing rate. If you go against the current, you
subtract the rate of the current from your rowing
rate.

With this in mind, we obtain the following system:
9= (r + w)(2)

9= (r=w)(6)

or
2r+2w=9
6r—-6w=9

Multiply the first equation by 3 and add the two
equations.
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16.

17.

6r+6w=27
6r-6w=9
12r =36

r=3
Back-substitute to solve for w.
2r+2w=9

2(3)+2w=9
6+2w=9
2w=3

w=1.5
Your rowing rate in still water is 3 miles per hour;
the rate of the current is 1.5 miles per hour.

Let x = the amount invested at 2%.
Let y = the amount invested at 5%.
x4+ y=28000

0.05y =0.02x+85
Multiply the second equation by 20.

x+y=38000
y=0.4x+1700
Let y=0.4x+1700 in the first equation and solve
for x.
x+(04x+ 1700) = 8000
1.4x = 6300
x =4500
Back-substitute to solve for y.
x+y=28000
4500+ y = 8000
y=3500

You invested $4500 at 2% and $3500 at 5%.

Using the points (—1,0), (1,4), and (2,3) in the

equation y = ax®> +bx+c, we get the following
system of equations:

a-b+c=0

a+b+c=4

4da+2b+c=3
Add the first two equations.
a-b+c=0
a+b+c=4
2a+2c=4

Multiply the first equation by 2 and add to the third
equation.

2a-2b+2c=0
da+2b+c=3

6a+3c=3

18.

Mid-Chapter Check Point

Using the two reduced equations, we get the
following system of equations:
2a+2c=4

6a+3c=3
Multiply the first equation by —3 and add to the
second equation.
—6a —6¢c =—12
6a+3c=3
-3c=-9
c=3
Back-substitute to solve for a.
2a+2c=4
2a + 2(3) =4
2a+6=4
2a=-2
a=-1
Back-substitute to solve for b.
a+b+c=4

-1+b+3=4
b=2
The equation is y = —x> +2x+3.

Let n = the number of nickels.

Let d = the number of dimes.

Let g = the number of quarters.

From the problem statement, we have
n+d+q=26

0.051+0.10d +0.25g = 4.00
qg=n+d-2
If we multiply the second equation by 20 and

rearrange the third equation, we get the following
equivalent system:

n+d+q=26
n+2d+5q =80
n+d—-q=2

Multiply the first equation by —1 and add to the
second equation.

-n—d-q=-26
n+2d+5¢g =80
d+4g=54

Multiply the third equation by —1 and add to the
first equation.
n+d+q=26

-n—-d+q=-2
2g =24
qg=12
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