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CHAPTER 1
Equations, Inequalities, and Mathematical Modeling

Section 1.1 Graphs of Equations

1. solution or solution point 10. @ (<111 ; 3 2(_1)2
2. graph 9
£ 1=3 - 2)
3. intercepts 1=1
4. y-axis Yes, the point is on the graph.

’ 2
5. circle; (h, k); r (b) (-2,11):11=3 - 2(-2)

9

11=3 - 2(4)
6. numerical
11 # -5
7. (@) (0,2): 2 :, /0 + 4 No, the point is not on the graph.
2=2 ?
. 1. (@) (L5):5=4-|1-2]
Yes, the point is on the graph. ,
) 5=4-1
®) (53):3=~5+4 5 43
3=9 No, the point is not on the graph.
3=3

(b) (6,0): 0 = 4 —[6 - 2|
Yes, the point is on the graph.

?

) 0=4-4
8. () (L2:2=+5-1 0=0
2= Ja Yes, the point is on the graph.
2=2 ?
. 12. (a) (2,3):3=[2-1|+2
Yes, the point is on the graph. )
5 3=1+2
(®) (50):0=+5-5 33
0=0

. Yes, the point is on the graph.
Yes, the point is on the graph.

() (-1,0): 0 ;\—1 —1|+2
0 ?

9

9. (a) (2,0): (2)° —3(2) +2

0=2+2
?
4-6+2=0 04
0=20 No, the point is not on the graph.

Yes, the point is on the graph.

) 13. @) (3.-2): (3) + (<2)" = 20
(b) (-2.8): (2" =3(-2) +2 =8 (.22 () + (2 -
: 94+ 4 =20
4+6+2 = 13 % 20
12 %8

No, the point is not on the graph.
No, the point is not on the graph.

(b) (—4,2): (4)" + (2)° = 20
16+ 4 = 20
20 = 20

Yes, the point is on the graph.
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Section 1.1 Graphs of Equations 51

14. (a) (6,0):2(6)" + 5(0)* =8 17. y = x* - 3x
2(36) + 5(0) = 8 R PR P ; ;
72+ 0 ; 8 y 4 0 -2 -2 0
228 e | (-1.4) | (0,0) | (,-2) | (2.-2) | (3.0)

No, the point is not on the graph.
(b) (0,4):2(0)" + 5(4)" =8
2(0) + 5(16) = 8

9

0+80=8
80 # 8

No, the point is not on the graph.

15. y = -2x+5

x -1 0 1 2 5
X -2 -1 0 1 2
y 7 5 3 1 0
1 4 5 4 1
wn | L) [©9) |03 ] @) | G ’
) xy | (21) | (-14) | (0.5) | (1L4) | (2.1)
o1
x -2 0 1 % 2 19. x-intercept: (3, 0)
y —% -1 —% 0 % y-intercept: (0,9)
-2,-2) | (0,-1) | (L-%) | (£0) | (2.2
(x.7) ( 2) ( ) ( 4) (3 ) ( 2) 20. x-intercepts: (£2,0)

y-intercept: (O, 16)

21. x-intercept: (-2, 0)

x y-intercept: (0, 2)

22. x-intercept: (4, 0)

y-intercepts: (0, +2)

23. x-intercept: (1,0)

y-intercept: (0, 2)

24. x-intercepts: (O, O), (O, iZ)

y-intercept: (0, 0)
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52

25.

26.

27.

28.

29.

30.

31.

Chapter 1 Equations, Inequalities, and Mathematical Modeling

i
=
R

8]
|
<
I
(e}
=
|
<
I

0 = y-axis symmetry
+ y = 0 = No x-axis symmetry

(-x) = »* =0 = —x — »* = 0 = No y-axis symmetry

¥ — (_y)2 =0 = x—y? =0 = x-axis symmetry

y = (—x)3 = y = —x* = No y-axis symmetry

3

-y = x* = y = —x* = No x-axis symmetry

3 3

(—x)3 = -y = —x = Origin symmetry

|
<
1l

=y =X

y=x"-x>+3

y = (—x)4 - (—x)2 +3 =y =x*-x>+3 = y-axis symmetry
-y =x*-x*+3 =y =-x*+x* - 3 = No x-axis symmetry

—y = (=x)" = (%)’ +3 = y = —x* + x> = 3 = No origin symmetry

X
7 x?+1
-X -X .
y=—S—=y=7 = No y-axis symmetry
(—x)" +1 x*+1
X .
-y == == = No x-axis symmetry
x°+1 x°+1
—-x —-X X ..
-y = =y =5 =y = = Origin symmetry
(—x) +1 x° +1 x* +1
1
4 1+ x?
_ = = y-axis symmetry
y = y = y-
1+ (—x) 1+ x°
1 -1 .
-y = > =y = > = No x-axis symmetry
1+ x 1+ x
1 -1 .
yE=E— =y = > = No origin symmetry
1+ (—x) I+x
x?+10 =0

(-x)y* +10 = 0 = —xp* + 10 = 0 = No y-axis symmetry

x(—y)2 +10 = 0 = xy* +10 = 0 = x-axis symmetry

(—x)(—y)2 +10 = 0 = —xp* + 10 = 0 = No origin symmetry
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32. xy =4
(-x)y = 4 = xy = -4 = No y-axis symmetry
x(-y) = 4 = xy = -4 = No x-axis symmetry
(=x)(=y) = 4 = xy = 4 = Origin symmetry

33.

34.

Section 1.1 Graphs of Equations

37. y = 3x + 1

38.

39.

x-intercept: (%, 0)

y-intercept: (0, 1)

No symmetry

y=2x-3
x-intercept: (%, 0)
y-intercept: (O, —3)

No symmetry

y = x* = 2x
x-intercepts: (0, 0), (2, 0)
y-intercept: (0, 0)

No symmetry

x|-1{0]1 |2

yl3 [o]|-1]o0

53
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40. y = —x* — 2x
x-intercepts: (-2, 0), (0, 0)

y-intercept: (0, 0)

No symmetry

y

41. y=x>+3
x-intercept: (\3/ -3, 0)
y-intercept: (0, 3)

No symmetry

x| -2]-1]0|1]2

yl-5]2 [3]4]11

2. y=x"-1
x-intercept: (1, 0)
y-intercept: (0, —1)

No symmetry
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43. y =~x -3
x-intercept: (3, 0)

y-intercept: none

No symmetry

x| 34712

y|0[1[2]3

4. y =~1-x
x-intercept: (1, 0)

y-intercept: (0, 1)

No symmetry

y

-4 -3 -2 -1

45. y = ‘x - 6‘
x-intercept: (6, 0)

y-intercept: (0, 6)

No symmetry
x| 2102|416 10
y|8 6141210 4




46. y =1 —‘x‘
x-intercepts: (1, 0), (1, 0)

y-intercept: (0, 1)

y-axis symmetry

47. x = y* -1
x-intercept: (=1, 0)
y-intercepts: (0, —1), (0,1)

Xx-axis symmetry

x|-1{0 |3

y |0 +] | £2

48. x = y2 -5
x-intercept: (=5, 0)

y-intercepts: (0, \/g), (0, —\/g)

X-axis symmetry
)

49.

50.

51.

52.

53.

Section 1.1 Graphs of Equations

— 1
y=5-3x

10

\HH._\
_10 HH“- 10

-10

Intercepts: (10, 0), (0, 5)

y=%x—1

10

/

-10

Intercepts: (0, —1), (%, 0)

y=x>-4x+3

10

-10 B / 10

-10

Intercepts: (3, 0), (1, 0), (0, 3)

y=x'+x-2

10

FERN/EN)

_

|

-10

Intercept: (0, 0)

55
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Chapter 1 Equations, Inequalities, and Mathematical Modeling

y = 4 60. Center: (0, 0); Radius: 7
x2+1
. (-0 + (-0 = 7
x* + y2 =49
-10 _"/(\\"_ 10
61. Center: (—4, 5); Radius: 2
-10 (X _ h)2 + (y _ k)2 — VZ
Intercept: (0, 4) [x _ (_4)]2 iy - 5]2 _ 2
2 2
.y=\3/m (x+4) +(y—5)=4
10
62. Center: (1, —3);Radius:\/ﬁ
e e (x—h) +(y—k) =
2 2 2
— (x=1)7" + [y - (—3)] =J11

(x=1"+(y+3) =11
63. Center: (3, 8); Solution point: (-9, 13)

Intercepts: (-1, 0), (0,1)

.y =xJ/x+6

10

X )+ (= k)

(
(-

9 -3 +(13-8)°

10 10
(-12)" + (5
L = /144 + 25
Intercepts: (0, 0), (-6, 0) IV
=13
=|x + 3| (x =0+ (y—k) =1

10

(x -3+ (y-8)° =13
~ L

(x=3) +(y-8) =169

64. Center: (—2, —6); Solution point: (1, —10)

-10

Intercepts: (-3, 0), (0, 3) "= \/(x B h)2 + (- k)2
e =[] + [0 - (-]
0 =) + (-4)

=J9+16
—10 P 10 _ \/g
. =5
(= B (= k) = 7
Intercepts: (£2, 0), (0, 2) [x B (_2)]2 . [y ~ (—6)]2 _ s
. Center: (0, 0); Radius: 3 (x + 2)2 +(y+ 6)2 =25

(x =07+ (y-0)> =3
x+y =9
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Section 1.1 Graphs of Equations 57

65. Endpoints of a diameter: (3, 2), (-9, —8) 68. x>+ =36
1 2 2 Center: (0, 0), Radius: 6
= (=9 —3) + (-8 -2
r= -3+ (8- 2) ‘_
= L)+ coy
2
- %\/144 + 100

- %\/ﬁ = %(2)\/5 = V6l

)

= (-3.-3) 69. (x— 1) +(y+3) =9

(x = h) +(y—k) =7 Center: (1, -3), Radius: 3

-3+ - )

(x +3) +(y+3) =6l

Il
—_
é‘
_
—_
©

66. Endpoints of a diameter: (11, -5), (3,15)

r= %\/(3 — 1) +[15 - (-5)]

1 2 2
SN
1 70. 2 +(y-1)7 =1
= /64 + 400
1 | Center: (0, 1), Radius: 1
= V464 = (VD9 = 2/29
(h, K): (11 +3 -5+ 15) _ [E, Q) - (1,5
2 2 22
()c—h)2+(y—k)2 = r?
(=7 + (v -5 = (2v29)
(x=7 +(y -5 =116
2 2 _ 71 _ 1) _ 1) -9
67. 3% + )% = 25 =) -3 =4
Center: (0, 0), Radius: 5 (11 e 3
enter: ( ) adius Center: (;, ;), Radius: 5

y

=
==
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72.

73.

74.

75.

Chapter 1 Equations, Inequalities, and Mathematical Modeling

(x=27 +(y+3)] =

©|x

Center: (2, -3), Radius:

RS

y = 1,200,000 — 80,000, 0 < ¢ < 10

v

1,200,000
1,000,000
800,000
600,000
400,000

Depreciated value

200,000

y = 9500 - 10007,0 < <6

y

Depreciated value

(a)
y
X
(b) 2x +2y = @
2y = % - 2x
y=3-x
A=xy = x(%o - x)
(C) 8000
0 180

0
(d) When x = y = 86% yards, the area is a maximum

of 75115 square yards.

(e)

76. (a)

(b)

77. (a)

(b

~

©

d vy

(e)

A regulation NFL playing field is 120 yards long and
53% yards wide. The actual area is 6400 square

yards.

325

-550 550
0

Sample answer: (500, 0). The graph is symmetric

with respect to the y-axis, so the other x-intercept is
(—500, 0) and the width is 1000 feet.

100

o anttal

0 100
0

The model fits the data well.
Graphically: The point (50, 74.7) represents a life
expectancy of 74.7 years in 1990.
63.6 + 0.97(50)
1 + 0.01(50)
112.1

1.5
74.7

So, the life expectancy in 1990 was about 74.7 years.

Algebraically: y

Graphically: The point (24.2, 70. 1) represents a life
expectancy of 70.1 years during the year 1964.

63.6 + 0.97¢
Algebraically: = ——
g Y T T oon

63.6 + 0.97¢
1+ 0.01z
70.1(1 + 0.017) = 63.6 + 0.97¢
70.1 + 0.701¢ = 63.6 + 0.97¢
6.5 = 0.269¢
t =242
When y = 70.1, t+ = 24.2 which represents the year
1964.

70.1 =

63.6 + 0.97(0)
1+ 0.01(0)

= ? = 63.6

The y-intercept is (0, 63.6).In 1940, the life
expectancy of a child (at birth) was 63.6 years.

Answers will vary.
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Section 1.2 Linear Equations in One Variable 59

78.
@ x |5 10 20 30 40 50 60 70 80 90 100
y | 4148 | 103.7 | 2593 | 11.52 | 6.48 | 4.15 | 2.88 | 2.12 | 1.62 | 1.28 | 1.04
(b) )
450+
2 400 1
% 350+
= 3004
< 250+
2 200+
2 1504
% 100+
&0
20 40 60 80 100
Diameter of wire (in mils)
When x = 85.5, the resistance is about 1.4 ohms.
(c) When x = 85.5,
y = 10’372 = 1.42 ohms.
(85.5)

(d) As the diameter of the copper wire increases, the resistance decreases.

79. False. The line y = xis symmetric with respect to the 83. y = ax? + bx’
origin.
(@ y= a(—x)2 + b(—x)3
80. False. The line y = 0 has infinitely many x-intercepts. — - by
81. True. Depending upon the center and radius, the graph of To be symmetric with respect to the y-axis; a can be
a circle could intersect one, both, or neither axis. any non-zero real number, b must be zero.
Sample answer: a = 1,b = 0
82. x-axis symmetry: ¥+t =1
) (b) -y = a(—x)" + b(-x)’
2
x4 (-y) =1 , \
Wyt =1 Kbl
) y = —ax* + bx*
y-axis symmetry: X2+t =1

To be symmetric with respect to the origin; a must

2 2 _
(-x) +y* =1 be zero, b can be any non-zero real number.

X+ =1 Sample answer: a = 0,b = 1
Origin symmetry: ¥ +y? =1
2 2
(-2 + () =1
4y =1

So, the graph of the equation is symmetric with respect
to x-axis, y-axis, and origin.

Section 1.2 Linear Equations in One Variable

1. equation 6. extraneous

2. identities; conditional; contradictions 7. The equation 3(x — 1) = 3x — 3is an identity by the

3 ax+bh =0 Distributive Property. The equation is true for all real
values of x.

4. equivalent . . .
8. The equation 2(x + 1) = 2x — 1is a contradiction.

5. rational There are no real values of x for which the equation is
true.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Chapter 1 Equations, Inequalities, and Mathematical Modeling

. The equation 2(x — 1) = 3x + 1 is a conditional

equation. The only value in the domain that satisfies the
equation is x = —3.

The equation 4(x + 2) = 2x + 2 is a conditional

equation. The only value in the domain that satisfies the
equationis x = —3.

The equation 3(x + 2) = 3x + 2 is a contradiction.

There are no real values of x for which the equation is
true.

The equation 5(x + 2) = 5x + 10 is an identity by the

Distributive Property. The equation is true for all real
values of x.

The equation 2(x + 3) — 5 = 2x + 1is an identity by

simplification. The equation is true for all real values
of x.

The equation 3(x — 1) + 2 = 4x — 2 is a conditional

equation. The only value in the domain that satisfies the
equationis x = 1.

x+11 =15
x+11-11=15-11

x =4

7-x=19
T—-x+x=19+x
7=19+x

7-19=19+x-19

-12 = x

7-2x =25
7-7-2x=25-17

—2x =18

—2x 18

2 2

x=-9

Tx+2 =23
Tx+2-2=23-2

Tx = 21

7x 21

7:7

x =3

19. 3x-5=2x+7
3x—-2x-5=2x-2x+7
x—-5=17
xX=-5+5=7+S5
x =12
20. Sx+3=6-2x
5x+2x+3=6-2x+ 2x
7x+3 =6
Tx+3-3=6-3
Tx =3
Tx 3
77
3
*=3

21. 4y +2 -5y =7 -6y
4y =5y +2=17- 6y

-y+2=7-6y
-y+6y+2=7-6y+06y
Sy+2=17
Sy+2-2=7-2
S5y =5
5y 5
5 s
y =1
22. Sy+1=8y -5+ 6y

S5y+1=8y+6y—-5
Sy+1=14y -5
S5y -5y+1=14y -5y -5

1+5=9y-5+5

o))
Il

o)
~<

W Ol

23, x —3(2x +3) =8 - 5x
x—6x—-9=8->5x
—5x -9 =8 -5x
—Sx+5x -9 =8-5x+ 5x
-9+ 8
Because —9 = 8 is a contradiction, the equation has no

solution.
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24,

25.

26.

27.

28.

29.

30.

9x—10=5x+2(2x—5)
9x — 10 = 5x + 4x — 10
9x —10 = 9x - 10

Because the equation is an identity, the solution is the set

of all real numbers.

0.25x + 0.75(10 — x)
0.25x + 7.5 — 0.75x = 3

]
w

-0.50x + 7.5 =3
-0.50x = —4.5

x=9
0.60x + 0.40(100 — x) = 50

0.60x + 40 — 0.40x = 50

0.20x =10
x =50
I _Ax_,
8 3
(43 - (2495 = (244
9x — 32x = 96
-23x = 96
__%
23
2x + 5x = 4
5 3
152X + (15)5x = (15)%
5 3
6x + 75x = 20
81x = 20
20
X =
81
S5x 1 1
=4 —=x - —
4 2 2
(25 + ()5 = (@ - ()
4 2
Sx +2=4x-2
x=-4
X_ X _ 4.3
5 2 10
3x

X X

10)= — (10)= = (10)3 + (10)—

(10 - (0)% = (10)3 + (102

2x — 5x =30 + 3x
—6x = 30

x=-5

Section 1.2 Line

5x — 4
Sx +4
3(5x — 4)
15x — 12
S5x

31.

X

10x + 3
5x+ 6
2(10x + 3)
20x + 6
15x

32.

13

33. 10-—=4+

10x — 13

ar Equations in One Variable
2
3

= 2(5x + 4)
=10x + 8
=20

10x —13 =4x +5

6x =18
x=3
34.E—4:E+3
X X
5_6_,
x X
9,
X
9 ="7x
9
Z =5
7
35. 3=2+ 2
z+2
3(z+2):(2+ 2 j(z+2)
z+2
3z+46=2z+4+2
z=0
36. l+ 2 =0
x x-5
1 2
x(x = 5)— + x(x - 5) x(x — 5)0
X x -5
x—54+2x=0
3x-5=0
3x =5
5
x ==
3

61
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37.

38.

39.

40.

41.

Chapter 1 Equations, Inequalities, and Mathematical Modeling

Sl 4 +2=0
x+4 x+4

x+4+2:0
x+4

1+2=0

30

Because 3 = 0 is a contradiction, the equation has no solution.

7 8
2x+1  2x -1
7(2x — 1) = 8x(2x + 1) = —4(2x + 1)(2x — 1)
14x — 7 — 16x* — 8x = —16x% + 4

=—4 Multiply each term by (2x + 1)(2x — 1).

6x =11
11
X =—
6
2 1 2

+ Multipl h t b - 4)(x — 2).
Godr-2 x4 x-2 ultiply each term by (x — 4)(x — 2)

2=1(x=-2)+2(x—-4)
2=x-2+2x-28
2

=3x - 10
12 = 3x
4 =x

A check reveals that x = 4 yields a denominator of zero. So, x = 4 is an extraneous solution, and the original equation has
no real solution.

(x - 1;(2)( +3) - 3_ 1 + S i 3 Multiply each term by (x — 1)(x + 3).
(x_l)(x+3)m=(x—1)(X+3)x_1+(x—1)(x+3)xi3

12:3(x+3)+2(x—1)
12=3x+9+2x -2

12 =5x+7
5 =5x
x =1

A check reveals that x = 1yields a denominator of zero. So, x = 1is an extraneous solution, and the original equation has no
real solution.

1 1 10
+ = Multiply each term by (x + 3)(x — 3).
x—3 x+3 X2 -9 it y( )( )
1 1 10

+ =
x=3 x+3 (x+3)(x-3)
1 +3) + 1(x = 3) = 10
2x =10

x=5
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42.

43.

44,

45.

46.

1 3 4
+ =
x—2 x+3 X +x-6
1 3 4
+ =
x—2 x+3 (x+3)(x-2)
(x+3)+3x-2)=4
X+3+3x-6=4
4x -3 =4
4x =17
7
X ==
4
3 4 1
+ — =
x> —3x  x x -3
3 4 1 .
—_— == Multiply each term by x(x — 3).
x(x=-3) x x-3
3+4(x-3)=x
34+4x—12 =
3x =
x =3

Section 1.2 Linear Equations in One Variable 63

Multiply each term by (x + 3)(x — 2).

A check reveals that x = 3 yields a denominator of zero. So, x = 3 is an extraneous solution, and the original equation has

no solution.

2 3(x +5)

x x+3

x(x +3)
6(x +3) - 2x = 3(x + 5)
6x +18 — 2x =3x + 15

4x +18 =3x + 15

x=-3
y =12 - 5x y =12 - 5x
0=12 - 5x y =12 - 5(0)
5x =12 =12

- 12
X =5

The x-intercept is (1 O) and the y-intercept is (0, 12).

50

y =16 - 3x y =16 - 3x

0 =16 - 3x y =16 - 3(0)
-16 = —3x =16

16 _

The x-intercept is (1 0) and the y-intercept is (0, 16).

3

= ———  Multiply each term by x(x + 3).

47.

48.

y
0
0

X

Check: — — 2 = 3(_3 hl 5)
-3 3+3 -3(-3+3)
,_2_ =6
0 -3(0)
Division by zero is undefined. So, x = -3 is an

extraneous solution, and the original equation

has no solution.

=-32x + 1) y=-32x+1)
= 3(2x + 1) = =3(2(0) + 1)
=2x+1 y=-3

1
2

The x-intercept is (—%, 0) and the y-intercept is

1

(0, -3).

y=5-(6-x) y=5-(6-x)
0=5-(6-x) =5-(6-0)
0=-1+x y =-1

=X

The x-intercept is (1, O) and the y-intercept is (0, —1).
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49. 2x +3y =10 2x +3y =10 50. 4x -5y =12 4x -5y =12
2x +3(0) = 10 2(0) + 3y =10 4x - 5(0) =12 4(0) - 5y =12
2x =10 3y =10 4x =12 -5y =12
x=5 y = % x=3 y = _%
The x-intercept is (5, O) and the y-intercept is (0, ?) The x-intercept is (3, O) and the y-intercept is (0, —1?)
51. 4y -075x+12=0 4y —0.75x +12 =0
400) - 0.75x +1.2 =0 4y - 0.75(0) +1.2 =0
-075+12 =0 4y +12 =0
x=£=1.6 y=£=—0.3
0.75 4
The x-intercept is (1.6, 0) and the y-intercept is (0, —0.3).
52. 3y +25x-34=0 3y +25x-34=0
3(0)2.5x -34 =0 3y +250)-34=0
25x =34 3y =34
- 34 34
2.5 7 3
x =136 y =113
The x-intercept is (1.36, 0) and the y-intercept is (O, 1.13).
2x
53. ?+8—3y=0 2x + 40 — 15y =
2x + 40 — 15y = 0 2(0) + 40 ~ 15y = 0
2x + 40 — 15(0) = 0 40 - 15y =
2x +40 =0 y = 0_8
15 3
x = -20
The x-intercept is (—20, 0) and the y-intercept is (O, %)
54, 8—x+5—2y=0 §+5—2y20 55. y=2(x-1)-4 0=2(x-1-4)
3 3 . 0=2x-2-4
8(0
8—x+5—2(o)=o Q+5—2y:o / 0=2x-6
3 3 -6 12
g ) s 6 = 2x
X — = —
3 == 7 3=x
y = > 8
== - X =
383 >
83 815 The x-intercept is x = 3. The solution of
x=-g 0 = 2(x — 1) — 4 and the x-intercept of
= 2(x — 1) — 4 are the same. They are both x = 3.
The x-intercept is (—%5, 0) and the y-intercept is (O, %) 7 ( ) 4 *

The x-intercept is (3, 0).
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57.

58.

59.

Intercept: ( > 0)

The solutionto 0 = %x + 2 is the same as the

x-intercept of y = %x + 2. They are bothx = —%.
y =20 - (3x —10)
= 0 =20 — (3x - 10)
0=20-3x+10
0 =30-3x
e X ® 3x = 30
-5
x =10

The x-intercept is x = 10. The solution of
0 = 20 — (3x — 10) and the x-intercept of
20 — (3x — 10) are the same. They are both

Yy
x = 10. The x-intercept is (10, 0).

y =10+ 2(x - 2) 0=10+2(x - 2)
= =10+2x -4
0=6+2x
-2x =6
h 7 ’ x=-3

Intercept: (-3, 0)

The solutionto 0 = 10 + 2(x — 2) is the same as the

x-intercept of y = 10 + 2(x — 2). They are both

y =-38+5(9 - x) 0=-38+5(9-x)
10 0 =-38+45-5x
0=7-5
Sx =17
-6 10
| x=1

-2

The x-intercept is at x = % The solution of
0 = —38 + 5(9 — x) and the x-intercept of
y = =38 + 5(9 — x) are the same. They are both

X . The x-intercept is ( s O).

Section 1.2 Linear Equations in One Variable 65

60.y:6x—6(1—61+x) 0:6x—6(1—"+x)
2 0= 6x -2 - 6x
8 10
0+ -

There is no x-intercept.

61. 0.275x + 0.725(500 — x) = 300

0.275x + 362.5 — 0.725x = 300
—0.45x = —-62.5

62.5

X = =~ 138.889
62. 2.763 — 4.5(2.1x — 5.1432) = 6.32x + 5
2.763 — 9.45x + 23.1444 = 6.32x + 5
20.9074 = 15.77x
1.326 = x

24405 1
7398 x
2x — (4.405)(7.398) = 7.398

2x = (4.405)(7.398) + 7.398
2x = (5.405)(7.398)

5.405)(7.398
X = w = 19.993

63.

Multlply both sides by 7.398x.

64. —— — 8 _ 13 Multiply both sides by 6.350x.
6350 x

3x - 6(6.350) = 18(6.350)x
3x - 38.1 = 114.3x
-38.1 = 111.3x
~0342 = x

0

65. 471 27[(25) + 27[(5h)
471 = 507 + 107h
471 — 50 = 107h
h = 471 — 50z _ 471 - 50(3.14) 10
107 10(3.14)

10 feet

h

66. 248 = 2(24) + 2(4x) + 2(6x)

248 = 48 + 8x + 12x
200 = 20x
x = 10 centimeters
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67.

68.

69.

Chapter 1 Equations, Inequalities, and Mathematical Modeling

Let y = 18.
y = 0.514x — 14.75
18 = 0.514x — 14.75

32.75 = 0.514x

32.75

220

0.514

63.7 = x

So, the height of the female is about 63.7 inches.

Let y = 23.
y = 0.532x — 17.03
23 = 0.532x — 17.03

40.03 = 0.532x
40.03
2
0.532

752 = «x

The height of the missing man is about 75.2 inches.

Because 75.2 in. (11 f

- j = 6.27 ft is about 6 feet
2 in.

3 inches, it is possible the femur belongs to the missing
man.
(a) The y-intercept is about (0, 295).
(b) Let t = 0.
y =11.09¢ + 293.4
11.09(0) + 293.4
293.4
The y-intercept is (0, 293.4).

In 2000, the population of Raleigh was about 293.4
thousand, or 293,400.

(c) Let y = 538.
y =11.09¢ + 293.4

538 = 11.09¢ + 293.4
244.6 = 11.09¢
2446 _
11.09

221 = ¢

In 2022, the population is expected to reach 538,000.
Answers will vary. Sample answer: If the population
continues to increase at a constant (linear) rate, the
answer seems reasonable.

70.

71.

72.

73.

74.

(a) The y-intercept is about (0, 292).
(b) Let ¢ = 0.
y = —2.60¢ + 291.7
~2.60(0) + 291.7
291.7
The y-intercept is (0, 291.7).

In 2000, the population of Buffalo was about
291.7 thousand, or 291,700.

(c) Let y = 239.

y = =2.60¢t + 291.7
239 = -2.60¢ + 291.7
-52.7 = -2.60¢
27 _,
-2.60
203 = ¢

In 2020, the population is expected to decrease to
239,000.

Answers will vary. Sample answer: If the population
continues to decrease at a constant (linear) rate, the
answer seems reasonable.

Letc = 10,000.
¢ = 0.37m + 2600
10,000 = 0.37m + 2600
7400 = 0.37m
7400
N m
0.37
m = 20,000

So, the number of miles is 20,000.

Let y = 1.
y = —025¢ + 8
1 =-025+8
025t =17
t = 28 hours

x(3—x)=10
3x —x* =10

False. This is a quadratic equation. The equation cannot
be written in the form ax + b = 0.

2x+3 =x
x+3=0

True. The equation is a linear equation because it can be
written in the form ax + b = 0.
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75. 2(x-3)+1=2x-5 77. 3(x-1)-2=3x-6
2x —6+1=2x-5 3x-3-2=3x-6
2x =5=2x-5 3x-5=3x-6
False. The equation is an identity, so every real number -5# -6
is a solution. False. The equation —5 = —6 is a contradiction, so the
76. 2(x +3) =3x+3 original equation has no solution.
2x+6=3x+3 8. o3
3= x—-2 x-2
False. x = 31is a solution. (x - 2)(2 - j =(x- 2)[ 3 j
x =2 x -2
2zx-2)-1=3
2x —4-1=3
2x -5=3
2x = 8
x=4
False. x = 4 is a solution.
@ -1]0 1 2 |3 |4

32x-58 | -9 | -58 | =26 | 0.6 | 3.8 | 7

(b) Since the sign changes from negative at 1 to positive at 2, the root is somewhere between 1 and 2.

l<x<?2

©
x 1.5 | 1.6 1.7 1.8 19 |2

32x -58 | -1 | -0.68 | —-0.36 | —-0.04 | 0.28 | 0.6

(d) Since the sign changes from negative at 1.8 to positive at 1.9, the root is somewhere between 1.8 and 1.9.
18 <x <19
To improve accuracy, evaluate the expression at subintervals within this interval and determine where the sign changes.

(€ 03(x-15)-2=0

x 6 7 8 9 10

03(x —1.5) -2 | -0.65 | —0.35 | =0.05 | 0.25 | 0.55

The solution of 0.3(x — 1.5) — 2 = 0 is in the interval 8 < x < 9.

X 8.1 8.2 8.3 8.4

03(x —1.5) -2 | —=0.02 | 0.01 | 0.04 | 0.07

The solution is in the interval 8.1 < x < 8.2.

X 8.14 8.15 8.16 8.17 8.18

0.3(x - 1.5) =2 | —0.008 | —0.005 | —0.002 | 0.001 | 0.004

The solution is in the interval 8.16 < x < 8.17.
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80. 3x + 2 — 7 (c) x-intercept:
5 ~b
3x+2=35 and x+9 =20 YT
3x =33 x =11 _;10__2
x =11 5
Yes, they are equivalent equations. They both have the The x-intercept is (-2, 0).

solution x = 11. .
y-intercept:

81. (a) 4 y=b

/ . =10

The y-intercept is (O, 10).

. 84. (a) To find the x-intercept, let y = 0, and solve for x.

(b) x-intercept: (2, 0) ax + by = ¢
(c) The x-intercept is the solution of the equation ax + b(0) = ¢
3x -6 = 0. ax = c¢
82. (a) The x-intercept is (20,000, 0) and the y-intercept is =<
a
(0, 10,000). The subsidy is $0 for an earned income
of $20,000. The subsidy is $10,000 for an earned The x-intercept is (E, 0}
income of $0. ¢
et one of S or £ equal to 0 and solve tfor the other. o find the y-intercept, let x = 0, and solve for y.
(b) S f S or E equal to 0 and solve for the oth b) To find the y-i 1 0, and solve ft
(¢) The earned income is $8000. a(0) + by = ¢
(d) Set T equal to 14,000, substitute 10,000 — %E for S by = ¢
C
in the equation 7 = E + §, and solve for E. y = 3

83. (a) To find the x-intercept, let y = 0 and solve for x. The y-intercept is [ 0. %j

0=ax+5b
-b = ax (c) x-intercept:
b c
—_— =X X = —
a a
11
The x-intercept is (—é, Oj. = —
a 2
(b) To find the y-intercept, let x = 0, and solve for y. The x-intercept is [E, Oj.
y=a0)+5b
y=b y-intercept:
The y-intercept is (0, b). y =

<= Sie

The y-intercept is (0, %]

Section 1.3 Modeling with Linear Equations

1. mathematical modeling 3.y+2

2. verbal model; algebraic equation The sum of a number and 2

A number increased by 2
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12.

13.

14.

15.

16.

17.

18.

19.

Section 1.3 Modeling with Linear Equations 69

x -8 8 x+9
The difference of a number and 8 5
A number decreased by 8 A number increased by 9, then divided by 5
t 9. —2(d +5)
6 The product of —2 and a number increased by 5
A number divided by 6
lu 10. 10y(y - 3)
3 The product of 10, a number, and 3 less than the same
1 number
The product of — and a number
3 3(x - 2)
11. ——=
z -2 X

3

A number decreased by 2, then divided by 3

(r + 3)(2 - r)

3r

The product of 2 less than a number and 3, then divided
by the same number

The product of 3 more than a number and 2 decreased by the same number, then divided by 3 times the same number

Verbal Model:
Labels:

Equation:

Verbal Model:
Labels:
Equation:
Verbal Model:
Labels:

Equation:

Verbal Model:
Labels:

(Sum) = (first number) + (second number)
Sum = S, first number = n, second number = n + 1
S=n+n+1)=2n+1

Product = (first number) - (second number)

Product = P, first number = n, second number = n + 1
P=nn+1)=n>+n

Product = (first odd integer) - (second odd integer)

Product = P, first odd integer = 2n — 1, second odd integer = 2n — 1+ 2 = 2n + 1

P=(2n-1)2n+1) = 4n* -1

(Sum) = (first even number)2 + (second even number)2

Sum = S, first even number = 2n, second even number = 2n + 2

Equation: S = (2n)2 + (2n + 2)2 =40’ +4n* +8n+4 =8n* +8n + 4

Verbal Model:
Labels:

Equation:
Verbal Model:

Labels:

Equation:

Verbal Model:

Labels:

Equation:

(Distance) = (rate) - (time)

Distance = d, rate = 55 mph, time = ¢
d = 55t

(time) = (distance) + (rate)

time = ¢, distance = 900 km, rate = r

_ 00

r

t

(Amount of acid) = 20% - (amount of solution)
Amount of acid (in gallons) = A, amount of solution (in gallons) = x

A4 = 020x
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20. Verbal Model:

(Sale price) = (list price) — (discount)

Labels: Sale price = S, list price = L, discount = 0.33L
Equation: S =L -033L = 0.67L
21. Verbal Model: Perimeter = 2(width) + 2(length)
Labels: Perimeter = P, width = x, length = 2(width) = 2x
Equation: P =2x+ 2(2x) = 6x
22. Verbal Model: (Area) = %(base)(height)
Labels: Area = A4, base = 16 in., height = &
Equation: 4 = L(16)h = 8h
23. Verbal Model: (Total cost) = (unit cost)(number of units) + (fixed cost)
Labels: Total cost = C, unit cost = $40, number of units = x, fixed cost = $2500
Equation: C = 2500 + 40x
24. Verbal Model: (Revenue) — (price)(number of units)
Labels: Revenue = R, price = $12.99, number of units = x
Equation: R =12.99x
25. Verbal Model: (Discount) = (percent) - (list price)
Equation: d = 0.30L
26. Labels: A = amount of water, ¢ = number of quarts
ercent
Verbal Model: ~ (Amount of water) = % - (number of quarts)
Equation: A = 0.72q
27. Labels: N = the number, p = percent % of the number
ercent
Verbal Model: ~ (The number) = % 672
- _ b
Equation: N =— 672
100
28. Labels: S, = sales for this month, S, = sales from last month
) (percent)
Verbal Model: (Sales for this month) = (Sales from last month) + ~———= - (Sales from last month)
Equation: S, = 8§ + 0.25,
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29.

30.

31.

32.

33.

34.

Section 1.3 Modeling with Linear Equations

---1{2x

Area = Area of top rectangle + Area of bottom rectangle
A =4x +8x = 12x

Area = %(base)(height)
_ 12 _ 122 41
A=Y +1) =12+ 1p
Verbal Model: Sum = (first number) + (second number)
Labels: Sum = 525, first number = #n, second number = n + 1
Equation: 525 =n+(n+1)
525 =2n +1
524 = 2n
n =262
Answer: First number = n = 262, second number = n + 1 = 263
Verbal Model: Sum = (first number) + (second number) + (third number)
Labels: Sum = 804, first number = n, second number = n + 1, third number = n + 2
Equation: 804 =n+n+1+n+2
804 =3n + 3
801 = 3n
267 = n
Answer: n =267, n +1 = 268 (second number), and n + 2 = 269 (third number)
Verbal Model: Difference = (one number) — (another number)
Labels: Difference = 148, one number = 5x, another number = x
Equation: 148 = 5x — x
148 = 4x
x =37
5x =185
Answer: The two numbers are 37 and 185.
Verbal Model: Difference = (number) — (one-fifth of number)
Labels: Difference = 76, number = n, one-fifth of number = %n
Equation: 76 = n — %n
_ 4
95 =n
Answer: The numbers are 95 and % - 95 =19.

71
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35. Verbal Model: ~ Product = (smaller number) - (larger number) = (smaller number)” — 5
Labels: Smaller number = n, larger number = n + 1
Equation: nn+1)=n*-5

n”+n=n-5

n=-=5
Answer: Smaller number = n = -5, larger number = n + 1 = —4
36. Verbal Model: Difference = (reciprocal of smaller number) — (reciprocal of larger number)
1 .
= (reciprocal of smaller number)
Labels: Smaller number = n, larger number = n + 1, difference = L
n
. 1 1 1 . .
Equation: — == Multiply both sides by 4n(n + 1).
4dn n n+1
1 1
4n(n +1)— = 4n(n + 1)— — 4n(n + 1
( ) 4n ( ) n ( ) n+1

n+1=4n+1)-4n
n+l=4n+4 - 4n
3

n

Answer: The numbers are 3 and n + 1 = 4.

37. Verbal Model: (first paycheck) + (second paycheck) = total

Labels: second paycheck = x, first paycheck = 0.85x, total = $1125
Equation: 0.85x + x = 1125
1.85x = 1125
x = 608.11
0.85x = 516.89
Answer: The first salesperson’s weekly paycheck is $516.89 and the second salesperson’s weekly paycheck
is $608.11.

38. Verbal Model: (Sale price) = (list price) — (discount)

Labels: Sale price — $1210.75, list price = L, discount = 0.165L
Equation: 1210.75 = L — 0.165L
1210.75 = 0.835L
1450 = L
Answer: The list price of the pool is $1450.

39. Verbal Model: (Loan payments) = (Percent) - (Annual Income)
Labels: Loan payments = 15,680 (dollars)
Percent = 0.32

Annual income = [ (dollars)

Equation: 15,680 = 0.321
15,680  0.327
0.32 0.32
49,000 = /
Answer: The family’s annual income is $49,000.
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40. Verbal Model: (Mortgage payment) = (Percent) - (Monthly income)
Labels: Mortgage payment = 760 (dollars)
Percent = 0.16
Monthly income = [ (dollars)

Equation: 760 = 0.16/
760  0.167
0.16 0.16
4750 = [
Answer: The family’s monthly income is $4750.
41. (a) 42. The perimeter is 3 meters and the height is two thirds of
. the width, so & = 2w.
First, P = 2h + 2w
l = 2(%w) + 2w h
(d) I =1.5w _ %w
P=20+2w Thenlet P = "
= 2(1.5w) + 2w 3= 10y,
= 5w 0
() 25 =5w [
5=w Sincehz%wz%(%):%

Width: w = 5 meters So, the dimensions of the frame are % meter by %meter.

Length: / = 1.5w = 7.5 meters
Dimensions: 7.5 meters X 5 meters

(test #1) + (test #2) + (test #3) + (test #4)
43. Verbal Model: Average

4
Labels: Average = 90, test #1 = 87, test #2 = 92, test #3 = 84, test #4 = x
87 + 92 + 84 +
Equation: 90 = §7+92+8+x
4
Answer: You must score 97 or better on test #4 to earn an A for the course.

(test #1) + (test #2) + (test #3) + (test #4)
44. Verbal Model: Average

5
Labels: Average = 90, test #1 = 87, test #2 = 92, test #3 = 84, test #4 = x
Equation: 90 = B7+92+84+x 925+ 84+ x
450 =87 +92 + 84 + x
450 = 263 + x
187 = x
Answer: You must score 187 out of 200 on the last test to get an A in the course.

_ distance _ 50 kilometers

45. Rate - = 100 kilometers/hour
time 2 hour
2
Total time = total distance _ 509 kilometers — 5 hours
rate 100 kilometers/hour

The entire trip takes 5 hours.
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46. Verbal Model: (Distance) = (rate)(time, + time,)

Labels: Distance = 2 - 200 = 400 miles, rate = 2,
. distance _ 200
time, = = — hours,
rate;
. distance _ 200
time, = = — hours
rate, 40
Equation: 400 = r 200 + 200
55 40
400 = 7 1600 + 2200 _ 3800r
440 440 440
463 = r

The average speed for the round trip was approximately 46.3 miles per hour.

47. Verbal Model: (Distance) = (rate)(time)

Labels: Distance = 1.5 x 10'! (meters)
Rate = 3.0 x 10° (meters per second)
Time = ¢
Equation: 15 x 10" = (3.0 x 10°)¢
500 = ¢

Light from the sun travels to the Earth in 500 seconds or approximately 8.33 minutes.

48. Verbal Model: time = distance

rate

3.84 x 10® meters

Equation: t = <
3.0 x 10° meters per second

t = 1.28 seconds

The radio wave travels from Mission Control to the moon in 1.28 seconds.

49, Verbal Model: (Height of building) _ (Height of post)

(Length of building’s shadow)  (Length of post’s shadow )

Labels: Height of building = x (feet)
Length of building’s shadow = 105 (feet)
Height of post = 3 - 12 = 36 (inches)
Length of post’s shadow = 4 (inches)
Equation: X = 36
105 4
x = 945

One Liberty Place is 945 feet tall.
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52.

53.

Verbal Model:

Labels:

Equation:

—— 30 ft ——>+—

Verbal Model:

Labels:

Equation:

Verbal Model:

Labels:

Equation:

Section 1.3 Modeling with Linear Equations 15

(height of tree) B (height of lamppost)

(length of tree’s shadow)  (length of lamppost’s shadow )

height of tree = /&, height of tree’s shadow = 8 meters, height of lamppost = 2 meters,
height of lamppost’s shadow = 0.75 meter

h_ 2
g 075
8(2
=2yl
075 3

height of pol height of
(b) Verbal Model: - (height of pole) = - (height of person)
(height of pole’s shadow)  (height of person’s shadow)
Labels: Height of pole = A, height of pole’s shadow = 30 + 5 = 35 feet,
height of person = 6 feet, height of person’s shadow = 5 feet
Equation: i = 9
35 5
5ft
h = g <35 =42

The pole is 42 feet tall.

(height of tower) B (height of person)

(height of tower’s shadow)  (height of person’s shadow )

Letx = length of person’s shadow.

50 6 50 ft
2ix
50x = 6(32 + x) 6ft
50x =192 + 6x I~—32 fl— = X
44x =192
x = 4.36 feet

Interest from 4%% + [Interest from 5%[ = [Total interest[

Amount invested at 4%% = x dollars

Amount invested at 5% = 12,000 — x dollars
Interest from 4%% = x(0.045) dollars

Interest from 5% = (12,000 — x)(0.05) dollars

Total annual interest = 580 dollars

0.045x + 0.05(12,000 — x) = 580

0.045x + 600 — 0.05x = 580
—0.005x = =20
x = 4000

So, $4000 was invested at 4%% and $12,000 — $4000 = $8000 was invested at 5%.
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54.

5S.

56.

57.

Chapter 1 Equations, Inequalities, and Mathematical Modeling

Verbal Model:

Labels:

Equation:

Interest from 3%]| + |Interest from 4%% = |Total interest

Amount invested at 3% = x

Amount invested at 4%% = 25,000 — x

0.03x + 0.045(25,000 — x) = 900

0.03x + 1125 — 0.045x = 900
—0.015x = -225
x = 15,000

So, $15,000 was invested at 3% and $25,000 — $15,000 = $10,000 was invested at 4%% .

Verbal Model:
Labels:

Equation:

(Profit from dogwood trees) + (profit from red maple trees) = (total profit)
Inventory of dogwood trees = x, inventory of red maple trees = 40,000 — x,

profit from dogwood trees = 0.25x, profit from red maple trees = 0.17(40,000 — x),
total profit = 0.20(40,000) = 8000

0.25x + 0.17(40,000) = 8000
0.25x + 6800 — 0.17x = 8000
0.08x = 1200

x = 15,000

The amount invested in dogwood trees was $15,000 and the amount invested in red maple trees was
$40,000 —$15,000 = $25,000.

Verbal Model:
Labels:

Equation:

(Profit from minivans) + (profit from alternative-fueled vehicles) = (total profit)

Inventory of minivans = x, inventory of alternative-fueled vehicles = 600,000 — x,

profit from minivans = 0.24x, profit from alternative-fueled vehicles = 0.28(600,000 — x),
total profit = 0.25(600,000) = 150,000

0.24x + 0.28(600,000 — x) = 150,000
0.24x + 168,000 — 0.28x = 150,000
—0.04x = —18,000

450,000

X

The amount invested in minivans was $450,000 and the amount invested in alternative-fueled vehicles was.
$600,000 — $450,000 = $150,000.

Verbal Model:

Labels:

Equation:

Amount of gasoline
in mixture

+ Amount of gasoline| _ [Amount of gasoline

to add in final mixture

Amount of gasoline in mixture = %(2) (gallons)

Amount of gasoline to add = x (gallons)

Amount of gasoline in final mixture = 2—(1)(2 + x) (gallons)

64 — 30
33+x—51(2+x)

64
33

3264 + 1683x = 3300 + 1650x
33x = 36
x = 1.09

= 100 , 50
+x—51+51x

The forester should add about 1.09 gallons of gasoline to the mixture.
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58.

59.

60.

61.

62.

63.

64.

65.

Section 1.3 Modeling with Linear Equations 717

Verbal Model: (Price per poundj(pounds of j " (price per pound)(pounds of ) _ (price per poundj{pounds of )

of peanuts peanuts of walnuts walnuts of nut mixture )| nut mixture
Labels: Price per pound of peanuts = $1.49, pounds of peanuts = x, price per pound of peanuts = $2.69,
pounds of walnuts = 100 — x, price per pound of nut mixture = $2.21, pounds of nut mixture = 100
Equation: 1.49x + 2.69(100 - x) = 2.21(100)
1.49x + 2.69 — 2.69x = 2.21
-1.2x = —48
x = 40

There were 40 pounds of peanuts and 100 — 40 = 60 pounds of walnuts in the mixture.

A:%bh 66. C = 3(F - 32)
= 3(101.3 - 32
24 = bh z( )
2, = 3(69.3)
b = 38.5°
V= Iwh The temperature is 38.5°C.
Yoy 67. F = 2C + 32
wh = 9(27) + 32
S =C+RC = 48.6 + 32
S =C(1+R) = 80.6°F
N c The temperature is 80.6°F.
1+R
68. F =2C +32
§=1L-RL = 2(58.8) + 32
§=L1-B = 105.84 + 32
5 L 137.84°F
1-R - oo
The temperature is 137.84°F.
A= P+ Prt
A= P = Prt 0. Vv =1m
A-P 3
=r
Pt 5.96 = gnﬂ
17.88 = 4zr®
A= f(a + b)h
1788 _ 4
24 = (a + b)h 4
ﬁ=a+b r=3ﬂzl.12inches
h T
24
b=—-a 70. V = zr’h
5 MU S
C =3(F -32) m r(2)
= 3(98.6 — 32)
= 3(66.6)
=37

The temperature is 37°C.
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71. (a) Wix = Wy(L — x) (b) Wx =W,(L - x)
50x = 75(10 — x) W, = 200 pounds
50x = 750 — 75x W, = 550 pounds

125x = 750 L =5 feet
x = 6 feet from 50-pound child 200x = 550(5 — x)

200x = 2750 — 550x
750x = 2750
x = 32 feet from the person
Height of building Height of post

72. (a) Verbal Model: — =
Length of building’s shadow  Length of post’s shadow

X 4
b) Equation: — ==
(b) Eq 303
. . 2 -8
73. False, it should be written as — 5
22—
3
74. True. The expression ( 5 can be described as x cubed divided by the square of the difference of x and 4.
x—4
. 2 2 2
75. Areaof circle: 4 = zr> = 7(2)" = 4z = 12.56 in.
Area of square: 4 = s* = (4)2 =16 in?

True. 12.56 in? < 16 in.2, so the area of the circle is less than the area of the square.

76. Cube: V = s* = 9.5° = 857.375 in?
3 .
Sphere: V' = 37r’ = 47(5.9)" ~ 860.290 in.’

False. 857.375 < 860.290, so the volume of the cube is not greater than the volume of the sphere.

Section 1.4 Quadratic Equations and Applications

1. quadratic equation 8. 82— 2x =
2. second-degree polynomial 2x(4x - 1) =
8x =0 or 4x-1=0
3. factoring; square roots; completing; square; ‘= or c=1
Quadratic Formula 4
4. discriminant 9. 3+5x-2x>=0
5. position equation (3 =) +2x) =
3—x=0 or 1+2x=0
6. Pythagorean Theorem .
x =3 or x = -
7. 6x>+3x =0
2 -
3X(2X+1)=0 10. x*+6x+9=0
(x+3)(x+3)=0
3x=0 or 2x+1=0
1 x+3=0
x=0 or x=-5
x=-3
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11.

12.

13.

14.

15.

16.

17.

X +10x+25=0
(x+5)(x+5 =0
x+5=0

x=-5

4> +12x+9 =0
(2x+3)2x+3)=0

2x+3=0=>x=-3

16x* =9 =0
(4x +3)(4x+3) =0

4x+3=0=x

4x -3 =0 = x

ENDY

x2 —2x -8

(x—4)(x+2):
x—=4=0 or x+2=0
x =4 or x ==-2
2x2 = 19x + 33

2x2 —19x -33 =0
(2x+3)(x—11) =0

2x+3:O:>x:—%

x—11=0=x =11

-x*+4x =3
-x*+4x-3=0
(-1)(=x* + 4x - 3) = (-1)(0)
X} —4x+3=0
(x=3)(x-1)=0
x=-3=0=>x=3
x-1=0=>x=1

%x2+8x+20—0

4(%x2 +8x + 20)

Il
~
=
(==}
=

3x + 32x + 80
(3x + 20)(x + 4) =0

Il
(e}

3x+20=0 or x+4

__20 _
X = 3 or X

ENJ[O%)

Section 1.4

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Quadratic Equations and Applications

§ —x-16=0
x? —8x — 128 =
(x —16)(x + 8) =
x—16=0=x=16
x+8=0=x=-8
x2 =49
x =17
x? = 144
x = x12
x2 =19
x = £J/19
x = +4.36
x2 =43
x = /43
x = 6.56
3x? =81
x2 =27
x=i3\/§
~ £5.20
9x? = 36
X =4
x =24 =12
(x - 4)° =49
x—4 =427
x=4=x7
x =1lorx = -3
(x = 5)° =25
x—-5=45
x=5%5
x=0orx =10
(x+2)° =14
x+2=%J14
x=-2x-14
=~ 1.74, -5.74

79
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28.

29.

30.

31.

32.

33.

Chapter 1 Equations, Inequalities, and Mathematical Modeling

(x +9)* = 24
x+9 = +-/24
x=-9+2J6
~ —4.10, —13.90
(2x -1 =18
2x — 1 = +/18
2x =1+ 32
1+3J2
X =—
2
=~ 2.62, -1.62
(4x +7)" = 44
dx + 7 = +-/44
4x = -7 + 2J/11
-7+ 2J11 7 11
X=—" = - —4+ —
4 4= 2
~ —0.09, —3.41
(x=7) = (x+3)
x-7==%(x+3)
x—7=x+3 or x-7=-x-3
-7 +3 or 2x = 4
x =2

(x+5) = (x+4)

x+5=%(x+4)

x+5=+(x+4) or x+5=—(x+4)
5+ 4 or x+5=-x-4
2x = -9
x= -2
The only solution of the equation is x = —%

¥ +4x-32=0

x4 4x =32
x? + 4x + 22 = 32 + 22
(x +2)" =36
x+2 =16
x=-2%t6
x=4 or x =-8
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34.

35.

36.

37.

x> —2x -3

x? = 2x

X = 2x + (-1)
(x = 1)’

x -1

X2+ 4x + 2
X2 + 4x
x* + 4x + 2°
(x +2)°
x+2

X

x* +8x + 14
x* + 8x

x? + 8x + 47
(x +4)°
x+4

X

6x% — 12x

x2 = 2x

X

X



38. 4x? — 4x

=

|
=
1l

Ll_ V2
2 2
R )
27 2
1+2
X =
2
39 T+2x—x*=0
x> +2x+7=0
XX =2x-7=0
x> =-2x=17
=2+ (<) =7+ (1)
(x-1>° =38
x—1=+22
x =1+2J2

40. x> +x-1=0

X -x+1=0

xz—x+%=—l+%
12 _ _3
(-3 =-3
No real solution
41. 2x> +5x -8 =0
2x% +5x =8
x2+§x=4
2

57 89
x+=| ==
4 16
x+7=i£
4
5, <89
x=—-——=
47 4
RN
4

42.

43.

44,

45.

46.

Section 1.4 Quadratic Equations and Applications
3P —4x-7=0
3x2 —4x = 7
E
3 3
R 2V 7 2\
X —=x+|—=| =-+|—=
3 3 3
[ 2)2 25
xX—-—| =—
3 9
x—g = ié
3 3
2,5
3 3
x=-1 or x = —
1 B 1
¥ -2x+5 xX*-2x+1>+5
B 1
(x = 1) + 4
1 B 1
2 +6x+10 x*+6x+ (3?2 -3?%+10
_ 1
X2+ 6x+9+1
_ 1
(x +3)?% +1
4 ~ 4
x2+10x +74 x> +10x+ (5 - (5)* + 74
B 4
x2 +10x + 25 + 49
_ 4
(x +5)% + 49
5 _ 5
X —18x +162 x> — 18x + (9)° — (9)? + 162
_ 5
x% —18x + 81 + 81
_ 5
(x —9)* + 81
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| 1 1 1
47. = 48. _
\/3+2x—x2 \/—1(x2—2x—3) V9 + 8x — 2 \/—1(x2—8x—9)
1 1
B J-I[ - 20+ (7 - () - 3] s @ - @2 9]
_ 1 _ 1
JA162 -2+ 1) + 4 \/—1[()(2 — 8x +16) - 25]
- _ 1
Ja-a-n? NS
© 1 _ 1

" 12 1 4x - 2 \/—1(x2 —4x - 12) B \/-1[x2 —4x + (2 - (2)? - 12]

1

1 1
/T J16 = 1(x* + 6)
B 1
16— (x4 3) 49
1
25 — (x +3)

50

51.(a) y=(x+3) -4
ol 5
\/

-6

(b) The x-intercepts are (—1, 0) and (=5, 0).

(©) 0=(x+3)"-4
4=(x+3)
+/4 = x +3
-3+2=x
x=-1 o x =-5

(d) The x-intercepts of the graphs are solutions of the
equation 0 = (x + 3)2 — 4,

\/—1[(x2 ~dx + 4) - 16] ) J16 = (x - 2)?

52.(a) y=(x-57 -1

53.

6

AV

-3

(b) The x-intercepts are (4, 0) and (6, 0).

(©) 0=(x-5"-1
(x =57 =1
x-5==%J1
x=5+1=64

(d) The x-intercepts of the graphs are solutions of the
equation 0 = (x — 5)2 -1

(a) y=1—(x—2)2

s Y 6

[\

(b) The x-intercepts are (1, 0) and (3, 0).

© 0=1-(x-2)
(x-2)7 =1
x -2 =%l
x=2%1

x=3 or x=1
(d) The x-intercepts of the graphs are solutions of the
equation 0 =1 — (x — 2)2.
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54.(a) y=9-(x-8)

10

0 |I .II 18

-2

(b) The x-intercepts are (5, 0)and (11, 0).

(© 0=9-(x-8)
(x-8)° =9
x-8=#/9
x=8+3=115

(d) The x-intercepts of the graphs are solutions of the
equation 0 = 9 — (x — 8)2.

55.(a) y = —4x* +4x+3

5

|-
I

-3

(b) The x-intercepts are (—%, O) and (%, O).

(c) 0=—-4x> +4x+3
4x* —4x =3
4(x2—x)=3

xz—xz%
2 osef <3

—_
=
|
N =
~—
8]
Il
—

x—%zi\ﬁ
x=L14+1
> *

_3 _ _1

x =35 or x 2

(d) The x-intercepts of the graphs are solutions of the
equation 0 = —4x? + 4x + 3.

Section 1.4

56.

57.

58.

Quadratic Equations and Applications 83

(@ y=4x -1

2

R

-2

(b) The x-intercepts are (—%, O) and (%, 0).

© 0=4x2-1
4x* =1
2=l
x=t 1 =1l

(d) The x-intercepts of the graphs are solutions of the
equation 0 = 4x? — 1.

y=x*+3x-4
1
_s | ! 4

(@

-7

(b) The x-intercepts are (—4, 0)and (1, 0).

(©) 0=x*+3x-4
0=(x+4)(x-1)
x+4=0 o x-1=0
x =-4 or x =1

(d) The x-intercepts of the graphs are solutions of the
equation 0 = x> + 3x — 4.

y =x>-5x-24
5
5 i

(@

-35

(b) The x-intercepts are (8, 0) and (-3, 0).

(c) 0=2x*-5x—-24
(x=8)(x+3)=0
x—8=0=x=28
x+3=0=x=-3

(d) The x-intercepts of the graphs are solutions of the
equation 0 = x* — 5x — 24.
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59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Chapter 1 Equations, Inequalities, and Mathematical Modeling

9> +12x +4 =0
b? — dac = (12)" - 4(9)(4) = 0
One repeated real solution
¥ +3x+4=0
b —dac = (2" —4(1)(4) =4 -16 = -12 < 0
No real solution
2x2 =5x+5=0
b* - dac = (-5)° = 4(2)(5) = -15 < 0
No real solution
~Sx* —4x+1=0
b* — dac = (-4)° — 4(=5)(1) = 16 + 20 = 36 > 0
Two real solutions
2x2—-z-1=0
b —dac = (-1’ = 4(2)(-1) =9 > 0
Two real solutions
¥ —dx+4=0
b* - dac = (-4)° - 4(1)(4) =16 —16 = 0
One repeated solution
%xz -5x+25=0
2
b? — 4ac = (-5)" - 4(4)(25) = L < 0
No real solution
%xz — 8x + 280
b — dac = (-8)" — 4(£)(28) = 64 - 64 = 0
One repeated solution
02x> +12x -8 = 0
b? - dac = (1.2)° - 4(0.2)(-8) = 7.84 > 0
Two real solutions
9+24x -83x2 =0
b? — 4ac

(2.4)" - 4(-8.3)(9)
576 + 298.8 = 304.56 > 0

Two real solutions
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69. 2x2+x—-1=0

—b £~ b? - 4ac

2a
-1+ 12 - 4(2)(-))

70. 2x> —x—-1=0

71. 16x?

72. 25x*

X =

—b £/b? - dac

2a

(1) £/ (1) - 4(2)(-1)

-20x+3=0

—b £~ b? - 4ac

2a
(20) £ (200" - (25)3)

2(25)
20 + /400 — 300
50
2010
50

>

W | W
| —

73. x> +8x—-4=0

-b £ /b? — dac

2a
-8 £ /8% — 4(1)(-4)
2(1)

8+
%Mz—uzﬁ




Section 1.4 Quadratic Equations and Applications 85

74. 9x% +30x + 25 =0 78. x +10 +8x = 0
_bi/b2_4ac x+8& +10=0
* e 2a x_—bi\/b2—4ac
-30 + /307 — 4(9)(25) 2a
= 2
2(9) _ —(®8) £ /(8) —4(1)(10)
_-30%0 5 2(1)
18 3 -8+ /64— 40
2(1)
75. 2x2 = Tx+1=0
* ! -8+ /24
x:—bix/b2—4ac - 2
2a -8+ 26
(=7 =) - 42)0) 2
- 2(2) 2(-4 + /o)
7449 -8 2
B 2(2) =-4+./6
7 + /41
R 79. x* +16 = —12x
7. N4l x>+ 12x +16 = 0
= — i R —
44 L =hE b - dac
2a
76. 36x% + 24x —7 = 0
~ o —(12) + 4/(12)° - 4(1)(16)
—b +~/b* - dac = (1
e (1)
a
. 12+ /144 — 64
_ 24+~ 4(36)(-7) R T —
2(36
(36) _ —12++/80
24 + /576 + 1008 T
2 12+ 45
_ 2, /(144)(11) =
2 4(—3 + \/3)
= _1 i ﬂ - 2
37 6
=2(—3¢\/§) =-6+25
77. 24+ 2x —x2 =0
2 +2x+2=0 80. 4y = 8 — 2
b+ /b2 _ 4ac X +4x-8=0
t e 2a A
=222 — 4(-1)(2) 2a
= 2(-) _ Aty [4% — 4(1)(-8)
2223 0
— -4 +
2 — 4—74\/5 =2+ 2\/5

2

Il
-+
S
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81. 4x*> + 6x = 8 84. 3x+x*-1=0
4> + 6x -8 =0 X 4+3x-1=0
x_—bi\/b2—4ac x_—bi\/b2—4ac
2a 2a
_ =(6) £ J(6)" — 4(4)(-8) _ 3£ -4
- 2(4) 2(1)
_ —6++/36 + 128 I E VIR BRNE]
-6+~
= % 85. 8t = 5 + 2
2 —
6+ 2al 202 +8-5=0
- 8 .- b~ dac
2(-3 £ /41) 2a
- 8 _ -8 £ /8 - 4(-2)(-5)
34 4/41 2(-2)
4 _8%2J6 _, 6
_ -3 N V41 -4 2
4 4
86. 25h> + 80h + 61 = 0
2 —
82. 16x° + 5 = 40x h__biA/b2_4ac
16x> —40x +5 = 0 - 2a
—b + b? = dac —80 + ./80% — 4(25)(61)
X=———" =
24 2(25)
—(-40) (~40)° — 4(16)(5) =80 + /6400 — 6100
- 2(16) 50
40 + /1600 — 320 -8y 10/3
= 2 5750
40 + /1280 L V3
T 508
40+ 163/5 2
=T 87. (y - 5) =2y
5 5 ¥ -12y+25=0
= — i —_—
4 2 _ —b £~/b* - dac
Y 2a
83. 28x — 49x* = 4 >
—(=12) £ 4/(~12)" — 4(1)(25
—49x* +28x -4 =0 = ) (2(1)) 1z3)
—b £~ b - 4ac
5= DI :12i22\/ﬁ:6i\/ﬁ
|28+ /287 — 4(—49)(-4)
B 2(~49)
_ 2830 _ 2
-98 7
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88. (z +6)
22 +12z2 + 36 = =2z
22 + 14z + 36
PO
2a
147 — 4(1)(36)

Il
|
[\l
N

Il
(e}

~14

89. —x?+x=2

4x* +3x-16 =0

. —b £ ~/b* - dac
2a
=3 £/3% - 4(4)(-16)
) 2(4)
_ -3£/265 3 /265
8 8 8
5 2
90. (fx - 14] = 8x
7
éxz —20x + 196 = 8x
49
25 -0

Zx? - 28x + 196
49

25x2 = 1372x + 9604 = 0

‘= —b +/b? - dac

2a
_—(-1372) £ \/(—1372)2 — 4(25)(9604)
- 2(25)
1372 + /931984

50
686 £196+/6

25

91. 5.1x2 = 1.7x =32 =0

17+ J(-17)} - 4(5.1)(-3.2)
B 2(5.1)
0.976, —0.643

i

Section 1.4

92.

93.

94.

9s.

96.

97.

98.

Quadratic Equations and Applications

2x? = 2.50x — 042 =0

~(-2.50) + \/(-2.50)" — 4(2)(~0.42)
2(2)

= 1.400, —0.150

2.50 £ 4/9.61
4

-0.67x* + 0.5x +1.375 = 0

05+ J(05) = 4(-0.67)(1.375)
- 2(5.1)
~1.107, 1.853

0

-0.005x + 0.101x — 0.193 = 0

~0.101 + /(0.101)? — 4(=0.005)(~0.193)
2(-0.005)
—0.101 + ~/0.006341
-0.01
2.137, 18.063

X =

i

12.67x* + 31.55x + 8.09 = 0

3155+ JB155) - 4(12.67)(8.09)
- 2(12.67)
~2.200, ~0.290

0

-3.22x% - 0.08x + 28.651 = 0

~(=0.08) + \/(<0.08)" - 4(~3.22)(28.651)

X =

2(-3.22)
+
_ 0.08 + ~/369.031 ~ ~2.995,2.971
—6.44
x> —2x —1 =0 Complete the square.

x> -2x =1

X2 =2x+12=1+1

(x-1°=2
x—1=#+J2
x=1+2

14x> + 42x = 0 Factor.
14x(x +3x) = 0
x(x+3)=0

Il
(=)

x=0 or x+3

x=-3

87
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88  Chapter 1 Equations, Inequalities, and Mathematical Modeling

99. (x + 2)2 = 64 Extract square roots. 105. (a) w(w + 14) = 1632
x+2 =48 (b) w* + 14w —1632 = 0
Xx+2=8 or x+2=-8 (w + 48)(w — 34) = 0
x =6 or x =-10

w=—-48 or w = 34

Because the width must be greater than zero,

100. x> — 14x + 49 = 0 Extract square roots.
w = 34 feet and the length is w + 14 = 48 feet.

(x-77 =0
x—-7=0 106. Total fencing: 4x + 3y = 100
x=7 Total area: 2xy = 350
) i _ 100 - 3y
101.  x° —x -7 =0 Complete the square. X = 1
¥ -x=1U —
4 2[71004 3ny = 350
2 1\ 1 (1)
P ox(f) =4+ (3 1( |
2
W2 1 —(100y = 3»~) =350 = 0
(-3 =% 2 i
c_1l_4 [ 100y —3y° =700 = 0
2 4 —3y% + 100y — 700 = 0
1
x=3EN3 (3y = 70)(=y + 10) = 0
102 x? + 3x —% = 0 Complete the square. 3y-710=0=y = ?
2
x2+3x+(%) =%+% -y+10=0= y =10
2
(x+%) =3 Foryz?: Fory = 10:
MO 0 2x(10) = 350
2x|— | = 350 x =175
x = —% +/3 o
x =75
103. 3x + 4 = 2x* =7 Quadratic Formula There are two solutions: x = 7.5meters and y = 23%
0=2x-3x-11 meters or x = 17.5 meters and y = 10 meters.
2
—(=3) £ +/(-3) - 4(2)(-11
x = (=3) (2()2) @)1 107. S = x* + 4xh
108 = x + 4x(3
3 £V97 ( )
= 4 0 = x*+12x — 108
_é+7~/9ﬂ 0 = (x + 18)(x — 6)
47 4 x=-18 or x=6

R Because x must be positive, x = 6 inches.
104. (x +1)° = x* Extract square roots. The dimensions of the box are
2= (x4 1)2 6 inches X 6 inches X 3 inches.

x=E(x+1) 108. Volume: 4x> = 576

Forx:+x+1): 2 = 144

0 # 1 No solution x = £12

Forx = —(x +1): Because x must be positive, x = 12 centimeters

2x = —1 and the side length of the original material is
x + 8 = 20 centimeters. The dimensions of the original
material are 20 centimeters X 20 centimeters.

- _1
X =73
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Section 1.4 Quadratic Equations and Applications 89

109. (a) Volume is 1024 cubic feet. 110. Original arrangement: x rows, y seats per row,
V=I1w-h xy=72,y=E
= x(x + 1)(4) X
— 4y 4 4x New arrangement: (x — 2) rows, (y + 3) seats per row
So, 4x? + 4x = 1024 (x=2)(y+3) =172
4% + 4x - 1024 = 0 (x_z)(2+3j=72
4(x* + x - 256) = 0 X
2
X +x—-25 =0 x(x—2)[7—+3)=72x
X
Lo TLEYT -4 - 256 (x = 2)(72 + 3x) = T2x
2(1) 72x + 3x? — 144 — 6x = T2x
x = 15.51 3x2 — 6x — 144 =
x+1=1651 2 _ o 48 =
So the base of the pool is approximately (x - 8)(x + 6) =
15.51 feet x 16.51 feet.
(b) Because 1 cubic foot of water weighs x-8=0=x=38
approximately 62.4 pounds, xX+6=0=x=-6
. 62.4 pounds . L, 12
1024 cubic feet - ———— = 63,897.6 pounds. Originally, there were 8 rows of seats with — = 9 seats
1 cubic foot 9

per row.

111. (a) s = —16£2 + vyt + s
Since the object was dropped, v, = 0, and the initial height is s, = 984. Thus, s = —16¢> + 984.

(b) s = —16(4)° + 984 = 728 feet

(©) 0 = -16:> + 984

162 = 984
o 984
16
o (2B V286 oy
16 2

It will take the coin about 7.84 seconds to strike the ground.
112. (@) s = —16£> + vyt + s

Since the object was dropped, v, = 0, and the initial height is s, = 1815. Thus, s = —16¢> + 1815.

®) Time, ¢z |0 2 4 6 8 10 12

Height, s | 1815 | 1751 | 1559 | 1239 | 791 | 215 | —439

(c) The object reaches the ground between ¢ = 10seconds and ¢ = 12 seconds. Numerical approximation will vary,
though 10.7 seconds is a reasonable estimate.

(d 0=-162 +1815 (e =

1612 = 1815

o _ 1815

16 0 12
1815 1115 ’
L= 16 = 4 = 10.65 The zero of the graph is at £ = 10.65 seconds.

It will take the object about 10.65 seconds to reach
the ground.
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113. (3) s = =166 + vyt + 5,
s = —16£2 + 550

Lets = 0and solve for ¢.

0 = —16¢2 + 550

16t* = 550
o 550
16

550

t=,—

16
t =~ 586

The supply package will take about 5.86 seconds to reach the ground.
(b) Verbal Model: (Distance) = (Rate) - (Time)

Labels: Distance = d
Rate = 138 miles per hour
5.86 seconds

Time = = 0.0016 hour
3600 seconds per hour

Equation: d = (138)(0.0016) = 0.22 mile

The supply package will travel about 0.2 mile.

114. (a) s = —16¢> + vyt + s,
100)(5280
v, = 100 mph = w = 146gft/sec
3600 3

s, = 6 feet 3 inches = 6% feet

s = —l6t* + 14621 + 6l
3 4

[
|

= —-16t> + 146§t + 625

(b) When ¢ = 4:5(4) = 336.92 feet

0

339.58 feet

n

When ¢ = 5:5(5)
When ¢t = 6: s(6) = 310.25 feet
During the interval 4 < ¢ < 6, the baseball reached its maximum height.

(c) The ball hits the ground when s = 0.
—166* + 1462t + 61 = 0

1462 + \/(146§)2 - 4(-16)(61)  -1462 + 148.02
2(-16) - -32

Using the Quadratic Formula, ¢ =

>

t = —0.042 or ¢t = 9.209. Time is always positive, so the ball will be in the air for approximately 9.209 seconds.
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5@, g |o 10 11 12 13 14

D | 898 | 10.71 | 12.30 | 13.75 | 15.06 | 16.22 | 17.24

Sometime during the year 2010, the total public debt reached $13 trillion.

—-0.071£2 + 2.94¢ — 10.0
—0.071¢% + 2.94¢ — 10.0
—-0.071¢% + 2.94¢ — 23.0

(b) Algebraically: D
13
0

Leta = —0.071,b = 2.94 ,and ¢ = 23.0.

Using the Quadratic Formula,

_—(2.94) £ \/(2.94)> — 4 —(0.071)(23.0)
B 2(0.157)
_-2.94 +/2.1116
—0.142
10.47 and ¢ =~ 30.94

t

N

Because the domain of the model is 8 < ¢ < 14, ¢ = 10.47 is the only solution. So, the total public debt
reached $13 trillion during 2010.

Graphically: Use a graphing utility to graph y; = —0.071#% — 2.94¢ + 10.0 and y, = 13 in the same

viewing window. Then use the intersect feature to find that the graphs intersect when ¢ = 10.47
and ¢ = 30.94. Choose ¢ = 10.47 because it is in the domain.

So, the total public debt reached $13 trillion during 2010.

(c) For2025,lett = 25
D= -0.071£ + 2.94t — 10.0 = —0.071(25)2 + 2.94(25) — 10.0 = $19.125 trillion
Using the model, in 2025, the total public debt will be $19.125 trillion.

Answers will vary. Sample answer: Yes. In the short time period beyond the interval, 8 < ¢ < 14, the public
can be modeled by the equation.

116. (a) 1

-

0

During 2007, the average ticket price reached $7.00.

(b) P = -0.00382 + 0.272¢ + 5.25
7.00 = —0.0038¢> + 0.272¢ + 5.25
0 = —0.0038% + 0.272t — 1.75

Using the Quadratic Formula,

-0.272 + \/(0.272)2 — 4(-0.0038)(-1.75) _—0.272 + 1/0.047384

2(0.0133) 2(0.0133)

t = 7.15andt = 64.43

N

Because the domain of the modelis 1 < ¢ < 14, ¢ = 5.50 is the only solution. So, the average ticket price reached $7.00
during 2007.
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92  Chapter 1 Equations, Inequalities, and Mathematical Modeling

25.
—0.0038¢2 + 0.272¢ + 5.25

(c) For 2025, let ¢
P

P —0.0038(25)2 +0.272(25) + 5.25 = $9.68
Using the model, the average ticket price in the year 2025 will be about $9.68.

Answers will vary. Sample answer: No, it may be more likely the average ticket price will be higher than that
predicted using the model.

117. L = -0.270* + 3.59¢ + 83.1
93 = —0.270¢* + 3.59¢ + 83.1
0 = -0.270£* + 3.59t — 9.9
0 = 0.270£* — 3.59¢ + 9.9

Using the Quadratic Formula,

~(-3.59) £ /(359" - 4(0.270)(9.9) _ 3.5 + /21961

2(0.270) 0.54
39andt = 94

t

i

Because the domain of the modelis2 < ¢ < 7, ¢ = 3.9 is the only solution. The patient’s blood oxygen level
was 93% at approximately 4:00 P.M.

118. (a) 150 = 0.45x* — 1.65x + 50.75£
0 = 0.45x> — 1.65x — 99.25

165+ J(-1.65) = 4(0.45)(-99.25)
2(0.45)

-13.1,16.8

N

Because 10 < x < 25, choose 16.8°C.

x = 10: 0.45(10)* - 1.65(10) + 50.75 = 79.25

(b) x = 20:0.45(20)" - 1.65(20) + 50.75 = 197.75
197.75 + 79.25 = 2.5

Oxygen consumption is increased by a factor of approximately 2.5.

119. (a) Model: (Winch)2 + (distance to dock)2 = (length of 1rope)2
Labels: winch = 15, distance to dock = x, length of rope = /
Equation: 15% + x* = [?

(b) When [ = 75: 152 + x* = 757
x* = 5625 — 225 = 5400
/5400 = 30/6 = 735

The boat is approximately 73.5 feet from the dock when there is 75 feet of rope out.

X
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121.

122.

123.

124.

125.

126.

Section 1.4 Quadratic Equations and Applications 93

dy = (3 hours)(r + 50 mph)
d = (3 hours)(r mph)
A + d = 28407
o(r + 50)> + 9% = 24407
187% + 900r — 5,931,100 = 0

—900 + \/9002 — 4(18)(-5,931,100)  —900 + /118,847

2(18)

2440 miles
3(r+50)

3r

36

Using the positive value for », we have one plane moving northbound at » + 50 = 600 miles per hour and

one plane moving eastbound at » = 550 miles per hour.

-3 +x=-5
-3 +x+5=0
b* —dac = (1) = 4(-3)(5) = 1+ 60 = 61 > 0.
True. The quadratic equation has two real solutions.

False. The product must equal zero for the Zero Factor
Property to be used.
Sample answer: (x — 0)(x —4) = 0

x(x - 5) 0

¥ —4x =0

Sample answer: (x - (—2))(x - (—8)) =
(x +2)(x+9)

x> +10x + 16

0
0
0

One possible equation is:
(x=8)(x—14) =0
¥ —-2x+112=0

Any non-zero multiple of this equation would also have
these solutions.

1 = 6x =1 = 6x — lis a factor.

X:6

X = —% = 5x = -2 = 5x + 2is a factor.
(6x - 1)(5x + 2) =0

302 +7x -2 =0

127. One possible equation is:

= (e 2) [ (1-V2)] =0
[(x—l)—\/i][x—l +\/_]
(x-1 - (v2)

Il
(e}

0

Any non-zero multiple of this equation would also have
these solutions.

128. x=—3+\/§,x=—3—\/§,so:
(r=(3+5)x-(-3-+5)) =0
(x+3—\/§)(x+3+\/§)

X2 +6x+4

0

0

129. Yes, the vertex of the parabola would be on the x-axis.
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130. (a) The discriminant is positive because the graph has (c) The discriminant is negative because the graph has
two x-intercepts. y = x* — 2x no x-intercepts. y = x* — 2x + 2
b = dac = (=2)° — 4(1)(0) = 4 b = 4ac = (-2)° - 4(1)(2) = -4

y

o W & U o

(b) The discriminant is zero because the graph has one
x-intercept. y = x? — 2x + 1

b = dac = (<2)° - 4(1)(1) = 0

y

Section 1.5 Complex Numbers

1. real 10. (@+2)+(b-3)i=4+7i
a+2=4=a=2
b-3=7=5b=10

2. imaginary
3. pure imaginary
4. /-1; -1

5. principal square

11. 2+ /=25 =2+ 5i

12. 4+ /-49 = 4+ 7i

6. complex conjugates 13. 1-/-12 = 1-2/3i
7. a+bi =9 +8i 14. 2 — /_—18=2—3\/§i
a=9
b =38 15. \/-40 = 2410
8. a+bi =10 - 5i 16. —27=3\/§i
a =10
b=-5 17. 23
9. (a-2)+(b+1)i=6+5i 18. 50

a—-2=6=>a=28
b+1=5=>b=4

19. —6i +i* = —6i + (1)
-1-6i
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21.

22.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
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—2i% + 4i = =2(=1) + 4i 23, (5+i)+(2+3)=5+i+2+3i
=2+4i =7+ 4
/=007 = /004 i 24. (13- 2i) + (=5 + 6i) = 8 + 4i
= 0.2 25 (9-i)-(8—i) =1
J=0.0025 = +/0.0025 i
i 26. 3+2i)—(6+13)=3+2i—-6-13i
= 0.05i
=-3-11
(<2 +/-8) + (5 = \/=50) = =2+ 24/2i + 5 - 53/2i = 3 - 32
(8 + </=18) — (4 + 33/2i) = 8+ 3v2i — 4 - 3/2i = 4
13i = (14 = 7i) = 13i = 14 + 7i 38. (5 - 4i)° = 25 — 40i + 1612
= —14 + 20i = 25— 40i — 16
=9 — 40i
25 + (=10 + 1)) + 15i = 15 + 26i

39. The complex conjugate of 9 + 2i is 9 — 2i.

(1+0)3-2)=3-2+3-2" (9 + 2)(9 - 2i) = 81 — 4i2
=3+i+2=5+1i =81 +4
=85
(7 = 2i)(3 = 5i) = 21 — 35i — 6i + 10/
— 21— 41i — 10 40. The complex conjugate of 8 — 10 is 8 + 10:.
=11- 41 (8 — 10i)(8 + 10i) = 64 — 100i”
=64 + 100
12i(1 — 9i) = 12i — 108i* — 164
=12i + 108
=108 + 12i 41. The complex conjugate of —1 — V5iis -1 + /5.
. AN _ 52
—8i(9 + 4i) = —72i - 3072 (—1 - \/gl)(—l + \/gl) =1-5i
=1+5=6

32 - 72i

42. The complex conjugate of —3 + V2 is =3 - </2i.

(V2 +3i)(V2 - 3i) =2 -9
(-3 +V2i)(-3 - V2i) =9 -2

=2+9=11
=9+2
(4 + V7i)(4 = N7i) = 16 - 72 =11
=16+ 7 = 23 . B . .
43. The complex conjugate of /—20 = 2350 is —2/5i .
(6 + 7i)° = 36 + 84 + 497 (2/5i)(-2+/5i) = —20i% = 20
=36 + 84i — 49
- _13 + 84i 44. The complex conjugate of \/—15 = ~/15i is —~/15i.

(V1si)(-/151) = -15% =15
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45. The complex conjugate of /6 is ~/6. s 2 3 _ 20-1) = 3(1 +19)
(\/g)(\/g)=6 1+i 1-i (1+i)1-19)
2-2i-3-3i
46. Thecomplexconjugateof]+\/§ is 1+ ~/8. | 15+1
-1 -5
(1+\/§)(1+\/§)=1+2\/§+8 T
1 5
=9+42 = -2
2
47-425.=425.':+?. s 2,5 2i(2 — i)+ 5(2 +§)
a— — + . =
’ N 240 2-i 2+ )2 - 1)
_2(4+5i) 8+ 10i 8 1o, ,
16+25 4l 41 4l _ M2 #1045
4 -
4o, 13 () 13413 _13+13 1313, _ 12409
I A () R 2 22 5
12,5
5+i (5+i)  25+10i + 42 5
49. : = -
5-i (5+1) 25—
M410i 125 57, i . 2 _ i(3 + 8i) + 2i(3 - 2i)
=% B 7 3-2i 3+8i (3 -2i)(3 + 8i)
_3i+ 8% + 6i — 47
50, 070 1+2i 6412 - 7i - 14 9 + 24i — 6i — 16/
T1-2 142 1 - 42 4P 49
_20+5 9 +18i + 16
_ —4+9 25-18i
25 + 18 25 — 18i
T _0: .2 . , .2
51 2= 4 j{: 9,;4, - _4_o _ =100 + 72i + 225 — 162i
i i i 625 + 324
62 +297i _ 62 297
. . . .2 = — = N
52, 8 +2.16z ;iz _ —16i ;.2321 _ g4 949 949 949
1 —zl —4l
1+ 3 (1+i)4-1i)-3i
; ; ; _ ; 58. - =
53. 3i _ 3i _ 3i =9 +40 ; 4 i4— 1)
(4 - 50 16 —40i + 257 ~9 —40i —9 + 40i
A —i+d4i—i* -3
=270+ 1202 120 - 27i = 4 2
81 + 1600 1681 51— 4
120 27, Tl 4 1-4i
1681 1681 5200
5i 5i 1-16°
54, =
(2 +30)]  4+12i+ 097 :%_%i
_ 5 -5-12i
—5+12i -5-12i N 2
59. \J-6 - -2 = (V6i)(V2i) = V122 = (24/3)(-1)
_ —25i — 60i*
25 — 1447 = -2V3
_60-25 _ 60 25
169 169 169

Chapter 1 Equations, Inequalities, and Mathematical Modeling
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(=]

61.

62.

65

66.

67.

68.

- -5 =10 = (Vi) (V10i)
= 502 = 5v/2(-1) = -5v2

(\/—Ts)2 = (\/Ei)2 =15 = -15
(\/__75)2 = (\/7_5[)2 = 752 = -75

(5 N7 - T) = 5+ )7 - 0

21 — 33/10i + 7/5i — /50
(21 + \/%) + (7\/3 - 3\/@1’
= (214 5v2) + (7+/5 - 3V10)

—_—
¥
|
ﬁ
[e)}
—
(8]
Il

CRNCING

4 — 23/6i — 2/6i + 6

4 — 2/6i — 23/6i + 6(-1)
46— 4aJoi

=2 - 4J6i

Il
H+

X +6x+10=0a=1b=6c=10

—6 £ /67 — 4(1)(10)

Section 1.5 Complex Numbers

63. \/?8+\/—_ﬂ)=ﬁi+mi
=220 + 5\/2i
= 7/2i

64. J-45 — J-5 = 450 — /50
=350 - /50
= 2/5i

69.4x% +16x +17 = 0;a = 4,b = 16,¢ = 17
—16 £ /(16)" — 4(4)(17)

2(4)
-16 + /16

Il
|
)
+
|

70. 9x> —6x+37=0,a=9b=-6,c =37

~(=6) £ /(=6)" ~ 4(9)(37)
2(9)
6+ /-129%
18
6 + 36i

= =Ly
18 3

71 4x2 +16x +21 = 0;a = 4,b = 16,¢ = 21

—16 + /(16)° — 4(4)(21)
2(4)
~16 + /=80
8
~16 + /80 i
8
~16 + 4/5i
8

J5

=-2+—
2

97
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72,1662 — 4t +3=0,a = 16,b = -4, ¢ = 3

73. %xz —6x+9 =0 Multiply both sides by 2.

3x% —12x + 18

0;a=3b=-12,c =18

—(-12) + /(-12)* - 4(3)(18)

X =

2(3)

RVEINED
- 6
12+ 632

6
=2++/2i

7, 3 5 . .
74. gx - Zx + 16 =0 Multiply both sides by 16.

14x2 —12x +5=0,a =14,b = —-12,¢c = 5

—(-12) + /(-12)* - 4(14)(5)
2(14)
12+ (/-136
B 28

124234

X =

28
34

1
14

+

3w

75

76

77.

78.

79.

80.

81

L 14x2 = 2x +10 = 0 = 14x% — 20x + 100 = 0;
a=14,b = -20,c = 100

_ —(-20) % J(=20)" = 4(14)(100)
2(14)
20 + /-5200
28

20 £ 20~/13 i
28

20 , 2013

W

—_

ﬁw
o]

. 45xr =3x+12=0a =45b=-3,¢c=12

—(-3) + 4/(=3)" - 4(4.5)(12)

2(4.5)
3+ /=207
B 9
34323
B 9
SENRNEE
3 3
—6i° + 2 = —6i% + i°
= —6(-1)i + (-1)
=6i —1
=—-1+6i

4i* = 21 = 4i* = 2i% = 4(-1) - 2(-1)i = -4 + 2i

—14i° = —14i%% = -14(-1)(-1)(i) = —-14i

. (ﬁf = (6\/51')3
= 63(\/5)31'3
= 216(27/2)%
= 4324/2(-1)i
= —432/2i
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84.

8s.

86.

87.

88.

89.

90.

91.

92.

Section 1.5 Complex Numbers

(3i)* = 81i* = 817 = 81(-1)(~1) = 81

(=i)° = i = %% = (~1)(-1)(-1) = -1

(@ z =9 +16i,z, = 20 — 10i

o Lol 1 1 20-10i+9+16i _ 29 +6i

= + = =
z oz oz, 94160 20-10i (9 +16])(20 — 10i) 340 + 230i

_ (340 + 230i\(29 — 6i) 11,240 + 4630i _ 11,240 + 46301,
29 + 6i 29 — 6i 877 877 877

@ (-1+ \/Eif (=1)" + 3(=1)°(+/3i) + 3(—1)(\/51')2 + (\/51')3
= -1+ 33 - 9% + 33
—1 4+ 3/3i — 9% + 3/3%

—1+3/3i +9 - 3/3i

=8

(1)) + 3(=1(=/3i) + 3(-1)(~~/31) + (~/3)
—1 = 3/3i = 9i% = 3/35

—1 = 3/3i — 9% — 3/3%
—1-3V3i + 9+ 3/3i

8

(b) (-1 -3

False.

Sample answer: (1 + i) + (3 + i) = 4 + 2i which is not a real number.

False.
If b=0then a + bi = a — bi = a.

That is, if the complex number is real, the number equals its conjugate.

True.
x*r-x2+14 = 56
(-in/6) ~ (~i6) +14 = 56
36 + 6 + 14 . 56
56 = 56
False.
P4 150 TA 109 g6l (1.2)22 " (i2)75 _ (i2)37 _ (i2)54i n (l.z)SOi

(_1)22 + (_1)75 B (_1)37 B (—1)541' + (—1)301'
I1-1+1-i+i=1

29
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100 Chapter 1 Equations, Inequalities, and Mathematical Modeling

93. i=i 94. (i) D
2= -1 (i) F
PR (i) B
A (iv) E
Po=iti=i ) 4
¢ =% = -1 ) €
ih =i =i 95. \/-6:/-6 = J6i/6i = 61 = -6
# =it =1
U 96. (a, + bi)(a, + byi) = aay + abyi + abi + bb,i®
J0 A = (may, — biby) + (aby + ash))i
iMo= N = The complex conjugate of this product is
2= 4%t =1 (may — bby) — (b, + azby)i.
The pattern i, —1, —i, 1 repeats. Divide the exponent

The product of the complex conjugates is
(al - bli)(az - bzi) = aay — ahyi — aybyi — bbyi*
= (aa, — bby) — (aby + aby)i.

If the remainder is 3, the result is —i. So, the complex conjugate of the product of two complex
numbers is the product of their complex conjugates.

by 4.
If the remainder is 1, the result is i.

If the remainder is 2, the result is —1.

If the remainder is 0, the result is 1.

97. (a; + bi) + (ay + byi) = (& + a3) + (b + by)i
The complex conjugate of this sum is (a; + a,) — (b + b,)i.
The sum of the complex conjugates is (a, — bi) + (a, — byi) = (@) + ay) — (b, + by)i.

So, the complex conjugate of the sum of two complex numbers is the sum of their complex conjugates.

Section 1.6 Other Types of Equations

1. polynomial 6. 36x° —100x = 0
4x(9x? = 25) = 0
4x(3x + 5)(3x - 5) =0

2. quadratic type

3. radical dr = 0= x=0
4. absolute value 3x+5=0=x=-3
3x-5=0=>x=3
5. 6x* —54x* = 0

6x*(x* =9) = 0 7.5¢ +3 - +45x =0

6x> =0 = x=0 5x(x2+6x+9):0

X -9=0=x=413 Sx(x +3)° =0
5x=0=>x=0

Il
|
[o8)

x+3=0=x
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8. 9x* —24x3 +16x2 = 0 9. x*-81=0
x2(9x2—24x+16)=0 (x2+9)(x+3)(x—3)=0
x2(3x_4)2=0 X 4+9=0=x =3
P =0=>x=0 x+3=0=>x=-3
Jx-4=0=>x=4 ¥x=3=0=>x=3
10. X -64=0
(¥ —8)(x* +8) =0
(x =2)(x* +2x +4)(x + 2)(x* —2x +4) = 0
x-2=0=>x=2
P+ 2x+4=0=x=-1% /3
xX+2=0=x=-2
-2 +4=0=x=1% /3i
11. ¥ +512=0 15. X +x-1=0
¥ +8 =0 Pr-D+(x-1)=0
(x +8)(x* —8x +64) = 0 (x=1)(+1)=0
x+8=0=x=-8 (x—l)(x+1)(x2—x+l)=0
X -8x+64=0=x=4%4/30 120> x=
12. 27x3 =343 =0 xHI=0= =
(3x)3—73=0 -x+1=0=x=
(3x = 7)(9x* + 21x + 49) = 0
16. ¥t +2x° - 8x — 16 =
?ax—7=03x=z 3
3 Px+2)-8(x+2) =
9x2+21x+49=03—%i %i (< =8)x+2) =
(x =2)(x* + 2x +4)(x +2) = 0
13. X =3x>=-x+3=0 x—-2=0>=> x
xz(X—3)—(X—3):0 X +2x+4=0=x
(x-3)(x*-1)=0 x+2=0=x
(x_3)(x+3)(i__2:g:>x=3 17 x* -4 +3=0
x+1=0=x=-1 (¥) - 4(x*) +3=0
x-1=0=>x=1 Let u = 2.
14, ¥ +2x* +3x+6=0 w? -4 +3=0
Px+2)+3(x+2)=0 (u=3)u-1)=0
(x+2)(x*+3)=0 u-3=0=>u=3
xX+2=0=>x=-22 u-1=0=u=1
¥ +3=0=x=%+/3i u =1 u=73
¥t =1 x =3
x == x=i\/§

Section 1.6 Other Types of Equations 101

N | =

I+

-l5

-1+ /3i
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102 Chapter 1 Equations, Inequalities, and Mathematical Modeling

18.  x*—13x2+36=0
(x) = 13(x2) + 36 = 0

Let u = x2.
w? —13u +36=0
(u-9)u-4)=0

u—-9=0=>u=9

u—-4=0=>u=4

u=9 u=4
x* =9 x> =4
x =13 x =12

19.  4x* —65x2+16 =0
4(x2) - 65(x?) +16 = 0

Let u = x°.

4u — 65u +16 = 0

(4u —1)(u—-16) =0
du—-1=0=u=1
u—-160=0=u=16

u:% u=16

xzzi X2 =16

xzié x =14
20. 36t +29¢ -7 =0

36(2)" +29(2) = 7 = 0

Let u = £°.

36u> +29%u -7 =0

(36u = 7)u+1) =0

_ _ 7
36u—7—0:>u—%
u+l=0=u=-1

uzl u=-1
36

x2=l x* =-1
36

xzi% x = ki

21 x* +7x° -8 =0

(®) +7(x*) -8 =0

Let.u = x°
u* + 7u -8 =
(u+8)u—-1=0
u+8=0
¥ +8=0
(x +2)(x* —2x +4) =0
x+2=0=>x=-2
X2 -2x+4=0=x =
u—-1=20
X=-1=0
(x—l)(x2+x+l)=0
x—1=0
x =1
¥ +x+1=0
NN RPRVED
2 2
22. X433 +2=0
(¥) +3(x")+2=0
Letu = x°.
W +3u+2=0
(u+2)u+1) =0
u+2=0
X+2=0
(x+\3/5)[x2— N 2x+(\3/§)2} =0

x+Y2=0=>x=-32

2
x2—32x+(3/§) =0
u+1=0
X+1=0

(x+1)(x2—x+1)=0

x+1=0=x

X -x+1=0=x=

1+-/3i

1+/3i
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23.

24.

Section 1.6 Other Types of Equations 103

1 8 2
S +t—+15=0 25. 2( al j —3( ol j—zzo
X X x+2 x+2
1y 1
(T e )ess -0 en B
X x x + 2
1
Letu = — 20 —3u—-2=0
x
w +8u+15=0 (2u+1)u-2)=0
(u+5)u+3)=0 2u+1:0:>u:_%
u+5=0=u=-5 D=0 = =2
u+3=0=>u=-3
u=-5 u=-3 =7y u=
1_s 1. x _ 1 * o_9
X x x+2 2 x + 2
1 1
X = — X = —— x:—% x = -4
5 3 3
3 2 2
I+—=-—— X X
2 26. 6 + 5 -6=0
X X (x-klj (x+1]
i+§+1=0
x? X Letu = X
5 x +1
1 1
2l—| +3—|+1=0 6u> +5u -6=0
X x
| (3u—2)(2u+3)=0
Let u = —. 2
X 3u—2=0:u=§
20 +3u+1=0 3
Qu+1u+1)=0 2u+3=0:>u:—5
2u+1=0:>u=—l 2 3
2 uzg MZ_E
u+l1=0=u=-1
x _2 x __3
w1t v = -1 x+1 3 x+1 2
2 3
x=2 x=—-=
r_.1 T_ 5
b 2 X
x==2 x =-1
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27. 2x+9/x =5 30. 3P+ 2% =5
2+ 9Vx -5=0 2B + 3% —5=0
2
2oVx) +9(Vx)-5=0 2(x) +3(x7) =5 = 0
_ 3
Letu:\/;. Letu = x7°.

Qu+S)u-1)=0

2u* +9u-5=0

U+5=0 = -
(2u —1)(u +5) = 0 ! -

(N1

1]
—_

u—-1=0=u

u—-1=0=>u=1
u=-2 u=1
Uu+5=0=u=-5 2
xl/3 _5 xl/3:1
w=1 u=-5=/x%-5 2
x =12 x =1
\/; :% (\/; = -5is notasolution.) 2
x =5 31, /55 —10 = 0
\/_ 5x =10
28. 6x —7/x =-3=0
> (V3x) = (o)
6(\/}) —7(\/})—3:0 e — 100
Letu=\/;. x =20
6ut —Tu—-3=0 3. 6-2/x=0
(Bu+1)(2u=-2)=0 6 = 2/x
_ - _1
S3u+1=0=u-= 3 (6)2=(2\/;)2
_ _ 3
2”-3—02”—5 36 = 4x
_ 1 _ 3 x=9
u=-3 u=3
\/;;t_% Va=3 33. Jx+8-5=0
(\/; = —% isnotasolution.) x+8=35
2
(Vx+8) = (5
29. 973 +24V3 +16 = 0 c 48 =25
9(1°) + 24(%) +16 = 0 x =17
Letu = 3. 4. Sx+1=7
9u® + 24u +16 = 0 (Va1 1)2 = (1)
2
(Bu+4) =0 3x +1=49
3u+4=0:>u=—% 3x = 48
u:—% x =16
M= _4
_ 64
==
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35. 4 +3/2x -9 =0

J2x -9 = -4
(¥2x - 9)3 = (-4)’
2x -9 = —64
2x = =55
55
X = —-——
2
36. J12-x-3=0
M2 -x=3
(12 - x)3 =@y
12 -x =27
-x =15
x = -15

37. VNx+8=2+x
(x/x+8)2 =(2+)c)2
x+8=x+4x+4
0=x>+3x-4
x> +3x-4=0
(x+4)x-1)=0

x +4 =0 = x = —4, extraneous

x—-1=0=>x=1

38. 2x = \/-5x+24 -3
2x +3 = /-5x + 24

(2x +3)" = (J=5x + 24)2
4x* + 12x + 9 = =5x + 24
4x* +17x =15 =0
(4x=3)(x+5 =0
3

x-3=0=x=17

x + 5 = x = -5, extraneous

Section 1.6 Other Types of Equations 105

39, Jx—3+1=-/x

Jr-3=+x -1
W= = (-
x—3=x—2\/;+1
-4 = -2x
2=+/x
@ = (V)
4 =x
40. /x +/x-24 =2
Jr=2-x-24

(\/§)2 = (2—\/x—24)2
4—4Jx - 24 + x - 24

x =
20 = —4/x - 24
5=-J/x-24
5 = (~v/x - 24)
25 = x — 24
49 = x

x = 49 is an extraneous solution, so the equation has
no solution.

41. 2/x +1 -~2x+3 =1
2Nx+1 =1+~/2x+3

(2/x + 1)2 = (1+~2x + 3)2
Ax+1)=1+2/2x+3 +2x+3

2x = 2~/2x + 3
x=~2x+3
x> =2x+3

x> -2x-3=0
(x—3)(x+1)=0
x—3=0=>x=3

—1, extraneous

x+1=0=x
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2. 4/x -3 -J6x—-17 =3
4x =3 =3+~/6x—-17
(4\/x—3)2 = (3+\/6x—17)2

16(x = 3) = 9 + 65/6x — 17 + 6x — 17
16x — 48 = 6:/6x — 17 + 6x — 8
10x — 40 = 6:/6x — 17
5x — 20 = 3/6x — 17
(5x - 20)" = (3v/6x - 17)2
25x% — 200x + 400 = 9(6x — 17)
25x2 — 200x + 400 = 54x — 153
25x2 — 254x + 553 = 0
.= —-b £ Nb* — dac
2a
—(~254) £ \/(~254)" — 4(25)(553)
T 2(25)
Lo 254 J9261
50
254 + 96 350
X=——— = — = 7
50 50
254 -96 158 79
X = —— = —— = —, extraneous
50 50 25
43.  J4S4x +9 = /8x + 2 4. J16 +9Vx = 4 +/x
2 2
( aJax + 9) = (VBx+2) (\/16 + 9\/§) = (4+A)
4Jdx +9 = 8x + 2 16 + 9V/x = 16 + 8/x + x
2Vax +9 = 4x + 1 Vx o= x
(2v/4x + 9)2 = (4x +1) (\/E)2 = (x)
4(4x+9)=16x2+8x+1 x = x?
16x + 36 = 16x* + 8x + 1 ¥ —x =
0 =16x% — 8x — 35 x(x —1) =
0= (4x + 5)(4x - 7) X =
5 x-1=0=x=1
4x + 5 = 0 = x = ——, extraneous
4 3/2
7 45. (X - 5) = 8
4x-7=0=x=— ;
4 (x-5 =8
x-5=2364
x=5+4=9
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46. (x + 2)2/3 =9 47. (x* - 5)3/2 =27
2
(x+2) =9 (¥ = 5) =272
X+ 2==%2J729 xz—Szi/ﬁ
x=-2%27 =-29,25 2 549
¥ =
x? =14
x = /14

) =27

48. (xz—x—22
X —x-22=27
¥ -x-22=9
¥ -x-31=0

(D ENEY -40E3) 1125 1255
2

2(1) 2
49. 3x(x = 1) + 2(x - 1) = 0
(x-1)"Bx+2(x-1)]=0
(x-1)"6Bx-2)=0

x-1)=0=>x-1=0=x=1
5x-2=0=x= %, extraneous

13

50. 4 (x-1)" +6x(x-1)" =0 52, 4_5_x
13 43 x 3 6
2 24(x - 1)+ 3(x - "] = 0 4 s .
(6x)— - (6x)§ = (6x)g
2x(x - 1)"[2x +3(x = )] = 0 x
" 24 —10x = x?
2x(x = 1)"(5x = 3) = 0 X +10x-24=0
2x=0=x=0 (x +12)(x —2) =
xol=0=x=l X412=0= x=-12
Sx=3=0=x=3 x-2=0=x=2
51. x:§+l 53. 11 =3
x 2 x x+1
(24)(x) = (zx)(ij 4 (zx)[lj x4 DL © (x4 ) = x(x + 1)3)
b 2 X x+1
20%2 = 6+ x x+1-x=3x(x+1)
2% —x-6=0 1 =3x> + 3x
(2x+3)(x-2)=0 0=3x"+3x-1
2
2wH3=0=x=-2 o= 3ENE) Z40)EY -3+ V21
2 2(3) 6
x=2=0=>x=2
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54. 4 3 =1 56. 5=§+§2
x+1 x+2 X X
4x+2)=-3(x+1) = (x+1)(x+2) §2+§—5=0
4x +8—3x = x> +3x +2 2x *
X2 +2x-3=0 8[lj+18(1]—5=0
X x
(x=1)(x+3)=0
x—-1=0=>x=1 Letuzl
x+3=0=>x=-3 X
8u> +18u —5=0
55. 3—E—%=0 " .
X x (4u —1)(2u+5)=0
5 14
2t 73=0 4u—1=0:u=i
1Y 1
S(fj+l4(fJ—3=0 214+5=03u=—é
X x 2
Letuzl 1 5
X u = — u = ——
4 2
2 — =
Su +14u —3 =0 l_l l__é
(5u —Du+3)=0 2 RN
5u—1=0:u=l 2
5 x =4 )(,‘:—g
u+3=0=>u=-3
u=l u=-3
5
1_1 1_ 5
b 5 X
x=5 x:—1
3
57. Xy I _3
x -4 x+2
1
(x+2)(x—2)x2_4+(x+2)(x—2)x+2=3(x+2)(x—2)
X+x-2=32-12
3x> = 2x-10=0
_=(=2) £ /(-2 - 4B3)(-10)
T 20)
_2EN124 212431 1£+/31
6 6 3
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x +1 x+1

58. -
3 x+ 2
x+1 x+1

3(x + 2 —3(x+2
(r+ )5 -3 )2

(x+2)(x+1)-3(x+1)
¥ +3x+2-3x-3
xt -1

(x +)(x =1

x+1

x —1

61. |x| = x* +x—24
First equation:
x=x*+x-24
¥} -24 =0
X’ =24

+2./6

X

Only x = 2</6 and x = —6 are solutions of the original equation. x

mﬂﬁ+@=k+m

First equation:

x* + 6x = 3x + 18 —(x* + 6x) = 3x + 18
X' +3x-18=0 0=x"+9x +18
(x=3)(x+6)=0 0= (x + 3)(x + 6)
x=3=0=x=3 0=x+3=x=-3
X+6=0=x=-6 X=x4+6=>x=-6
The solutions of the original equation are x = +3and x = —6.
63. |x+1]=x"-5
First equation: Second equation:
x+1l=x>-5 —(x+1)=x2—5
¥ -x-6=0 —x-1=x*>-5
(x=3)(x+2)=0 X +x-4=0
x=-3=0=>x=3 “1+/17
X+2=0= x=-2 T
Only x = 3and x = # are solutions of the original equation. x = —2 and x = #are extraneous.

S O o <O

0= x =

0= x=

59.

60.

Section 1.6 Other Types of Equations
‘Zx - 5‘ =11
2x-5=11=x=38

-(2x -5 =11=x =-3

Il
=

|3x + 2

Ix+2=7=x

-(3x+2)=7
“3x-2=7T=>x=-3

Second equation:

x>+ 2x —

(x + 6)(x -

—X
24
4)

x+6
x—4

=x*+x-24
=0
=0
=0= x=-6
=0=>x=4

= —2\/6 and x = 4 are extraneous.

Second equation:

109
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64. ‘x—S‘z x* —15x

First equation: Second equation:
x—15 = x> - 15x —(x—15)=x2—15x
¥ —16x+15=10 X' —14x -15=0
(x-D(x-15 =0 (x+1)(x-15)=0
x-1=0=>x=1 x+1=0=x=-1
x-15=0= x=15 x—-15=0= x =15
Only x = 15and x = —1 are solutions of the original equation. x = 1is extraneous.
65. (a) > [ 67. (a) 20
- { U ° y \\/f’ '\\jj .
-7 -20
(b) x-intercepts: (—1, O), (O, O), (3, 0) (b) x-intercepts: (il, O), (i3, O)
(c) 0=x*-2x*-3x (c) 0=x*-10x*+9
0 = x(x +1)(x - 3) 0= (x2) = 10(x?) + 9
x=0 Letu = x%

x+1=0=x=-1
O0=(u-1)(u-9
x—-3=0=>x=3 ( )( )

(d) The x-intercepts of the graph are the same as the u-1=0 u-9=0
solutions of the equation. u =1 u=9
x? =1 =9
66. (a) 40 4 4
N ] 0 x =+l x =13
(d) The x-intercepts of the graph are the same as the
solutions of the equation.
—200 68- (a) 150
(b) x-intercepts: (0, 0), (%, O), (6, 0) o \\/}/ U; o
(c) y = 2x* —15x% +18x2
0 = 2x* — 15x° + 18x? e

(b) x-intercepts: (-2, 0), (2, 0), (=5, 0), (5, 0)

x2(2x2 —15x + 18)
= x*(2x - 3)(x - 6) () y=x"-29x" +100
0 = x* — 29x? + 100

0=x2 =>x=0 ,

0=2x-3=x=3 0 = (x*)" = 29(x*) + 100
2

0=x-6 = x=6 Letu = x*.

0 =u?>—=29% + 100
0= (u—4)(u—25

(d) The x-intercepts and the solutions are the same.

u—4=0 u—-25=0
u==4 u =25
x? =4 x? =25
x =zx2 x = x5

(d) The x-intercepts and the solutions are the same.
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6. @) 2

-6

(b) x-intercepts: (5, 0), (6, 0)

(©) 0=-/1x-30 —x
x =/llx - 30
x* =11x - 30
¥ -1lx+30=0
(x=5)(x—-6)=0

x—-5=0=>x=5
x—-6=0=>x=6

(d) The x-intercepts of the graph are the same as the

solutions of the equation.

70. (a) s

RV

-5

(b) x-intercept: (%, 0)

(c) y=2x—\/m

0 =2x—~/15-4x
V15— 4x = 2x
15 — 4x = 4x?

0 =4x> +4x -15

= (2x + 5)(2x - 3)

0
0 = 2x + 5 = x = -2, extraneous
0

=2x-3 = x =

(Y[98}

X =

(d) The x-intercept and the solution are the same.

71. (a) 24

.
i

-24

(b) x-intercept: (-1, 0)

72.

73.

Section 1.6 Other Types of Equations

(©)

(d) The x-intercept of the graph is the same as the

(2)

0o=1_*

x x-1
0=(x—-1)—4x-x(x-1)
0=x-1-4x—-x*+x
0=-x-2x-1
0=x>+2x+1
0=(x+1)

x+1=0=x=-1

solution of the equation.

20

-15 et 15

,/"W

-30

(b) x-intercept: (2, 0)

(©)

(d) The x-intercept and the solution are the same.

(2)

x+1

0= x(x+ 1)+ (x +1) il
X

0=x>+x+9-5x-5
0=x*—-4x+4
0=(x-2)(x-2)
0=x-2=>x=2

x =2

8

—4

(b) x-intercepts: (1, 0), (-3, 0)

(©)

0=|x+1] -2
2 =|x+1]
x+1=2 or —(x+1)
x =1 or —x-1
—X
X

- 5(x+1)

3
-3

111

(d) The x-intercepts of the graph are the same as the

solutions of the equation.
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74. (a) . 78. 5.25x% - 0.2x° - 1.55 =0
, 02% \/(—0.2)2 — 4(5.25)(~1.55)
_ X =
’ " 2(5.25)
3 0.2 £+/32.59
. 10.5
(b) x-intercepts: (5, 0), (-1, 0)
/0.2 + /3259
© 0=|r-2]-3 AT s 00
3=[x-2| 02 — /32,59
x = 3——— = -0.807
x—2=3:x=50r—(x—2)=3 10.5
—x+2=3=x=-1
‘=51 79. 1.8x — 6/x — 5.6 = 0 Given equation

75.

76.

77.

(d) The x-intercepts and the solutions are the same.

32x" —1.5x* =21 =0

_ 15+ 1.5 - 4(3.2)(-2.1)

2(32)

x2

Using the positive value for x?, we have

X =+, /1'5+67 ‘429'13 ~ +1.038.

0.1x* —24x> =36 =0

X

L _ 245 (24 - 40.)(-36) _ 24272

2(0.1)

Using the positive values for x?,

X ==+, 12‘4272 VT2 45041,

7.08x°% + 4.15x = 9.6 = 0
a=78">b=415c¢c=-96

=415 £,J(415) - 4(7.08)(~9.6)

tT 2(7.08)
—4.15 +/2.89.0945

14.16

L i/—4.15 + /289.0945

14.16

\3/—4.15 — J289.0945

14.16

= 0.968

—-1.143

X =

0

1.8(\/§)2 —6/x -56=0

Use the Quadratic Formula with ¢ = 1.8, b = —6,

and ¢ = -5.6.

Jr o 8EN30-408)(-56) 6 +87361

2(18)

3.6

Considering only the positive value for x, we have

Vx

X

4.0934
16.756.

i

i

80. 53x + 3.1 = 9.8/x
(5.3x +3.1)" = (9.8v/x)

28.09x? + 32.86x + 9.61
28.09x% — 63.18x + 9.61

2

96.04x
0

~(~63.18) + \/(~63.18)" — 4(28.09)(9.61)

2(28.09)

63.18 £ ~/2911.9328

56.18
2.085, 0.164

i

81. 4x3 +8x* +3.6 =0
a=4b=8,¢c =36

s S8 x5 - 4(4)30)
T 2(4)
X = {_8 +8\/6‘_4T ~ ~0.320
x = {'8 '8\/@}3 ~ —2.280
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82. 8.4x*° —12x -24 =0

o122 \/(—1.2)2 — 4(8.4)(-24)
¥ 2(3.4)

_ 1.2 £+/807.84

16.8

~ [1.2 + x/807.84]3

16.8

5.482

N

= —4.255

. [1.2 - \/WI
16.8
83. —4,7
Sample answer: (x - (—4))(x -7)=0
(x+4)(x-7)=0
x* -3x-28=0

84. 0,2,9
Sample answer: (x — 0)(x — 2)(x —9) = 0
x(x=2)(x-9)=0
x(x2 —1lx + 18) =0

X 11> +18x =0

85. -1,8
One possible equation is:
x =-%=3x =-7= 3x+ 7isafactor.
x = % = 7x =6 = 7x — 61isa factor.
Bx+7)(7x-6) =0
21> +3lx - 42 =0

Any non-zero multiple of this equation would also have
these solutions.

86. —1, —4

1l
(==}

40x> +32x +5x + 4
40x2 +37x+4 =0

Any non-zero multiple of this equation would also have
these solutions.

87.

88.

89.

90.

91.

92.

Section 1.6 Other Types of Equations 113

\/—, —\/g, and 4

One possible equation is:
o= B - (s 4
(x = 3)(x +3)(x - 4) = 0
(x> =3)(x - 4)
X -4’ —3x+12=0

0

Any non-zero multiple of this equation would also have
these solutions.

NEIREN]
(x—2ﬁ)(x+\/7)=0
X+ /7 =207 - 2(7)
x2 —xJ7 - 14

0

0

Any non-zero multiple of this equation would also have
these solutions.

i, =i

Sample answer: (x — i)(x — (=i)) = 0
(x=i)x+i)=0

-2 =0

X+1=0

2i, =2i
Sample answer: (x — 2i)(x - (—21’)) =0
(x = 20)(x +2i) = 0
X2 -4’ =0
¥ +4=0
-1,1,i,and —i
One possible equation is:
(x = (D)6 = x = 8)(x = (=)
(x+D)(x —(x —i)(x+1i) =
)
1

Any non-zero multiple of this equation would also have
these solutions.

4i, —4i, 6, —6
Sample answer: (x — 4i)(x + 4i)(x — 6)(x + 6)
(x* +16)(x* - 36)

=0
=0
x* —=20x> =576 = 0
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114 Chapter 1 Equations, Inequalities, and Mathematical Modeling

1700

93. Labels: Let x = the number of students in the original group. Then, = the original cost per student.

700
X

- 7.50.

. .. 1
When six more students join the group, the cost per student becomes

Model: (Cost per student) - (Number of students) = (Total cost)

Equation: [@ - 7.5)()6 + 6) = 1700
x

(3400 — 15x)(x + 6) = 3400x Multiply both sides by 2x to clear fraction.
—15x% = 90x + 20,400 = 0

90 i\/(—90)2 — 4(~15)(20,400) 90 + 1110

2(-15) -30
Using the positive value for x, we conclude that the original number was x = 34 students.
94. Model: Cost per)  (Numberof ) _ (Monthly 95. Model:  Time = Do@nce
student students rent Rate
Labels: Monthly rent = x Labels: Let x = average speed of the plane. Then

Number of students = 4 we have a travel time of + = 145/x. If the

average speed is increased by 40 mph, then

Original cost per student = g 12 145
60 x+40
Cost per student = g - 150 ;= 145 N 1
x+40 5
Equation: (1 - 150](4) =x Now, we equate these two equations and
3 solve for x.
4x
3 600 = x Equation: 145 = 145 + 1
X x+40 5
A 600 145(5)(x + 40) = 145(5)x + x(x + 40)
3
725x + 29,000 = 725x + x> + 40x
2~ 600
3 0 = x* + 40x — 29,000
x = 1800 Using the positive value for x found by the
The monthly rent is $1800. Quadratic Formula, we have x = 151.5 mph

and x + 40 = 191.5 mph. The airspeed required to
obtain the decrease in travel time is 191.5 miles per hour.
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96. Model: (Rate) - (time) = (distance)

Labels: Distance = 1080
Original time = ¢

Original rate = 1080

Return time = ¢ + 2.5

Return rate = @ -6
Equation: (@ - 6j(t + 2.5) = 1080
1080 + @ -6t —15 =1080
210 6 _15=0
270 — 0 — 62 — 15t = 0
262 + 5t —900 = 0
(2t + 45)(z - 20) =0
20+ 45=0=t =-225
t-20=0=1=20

1080 _

The average speed was <57

54 miles per hour.

nt
97. A P(l + rj
n

029
2694.58 = 2500(1 + E}

2694.58 [ r j“)
=[1+—
2500

60
1.077832 = [l + —]

(1.077832)"" =1+ =

(1077832 ~1)12) =

|
~

0.015 = 1.5%

i

r

Section 1.6 Other Types of Equations 115

nt
P[l + lj
n
)
6000(1 + fj
4

7734.27 A
1+LZ
6000 4

98. A

7734.27

et
1.289045 = [l + Zj

(1.289045)" = 1 + %

[(1:289045)"(4) = r

r = 0.0511 = 5.1%
99. When C = 2.5 we have:

i

25 =-/02x +1
6.25 = 0.2x + 1
525 =02x
x = 26.25 = 26,250 passengers

100. (a) N = ~/734.024 + 1839.666¢
135 = ~/734.024 + 1839.666¢

(135)2 = (\/734.024 + 1839.666t)2
18,225 = 734.024 + 1839.666¢
17,490.976 = 1839.666¢
9.508 = ¢
So, the number of nurses reached 135,000 in the
year 2009.
(b) N = /734.024 + 1839.666¢

200 = ~/734.024 + 1839.666¢

(200)" = (\/734.024 + 1839.666z)2

40,000 = 734.024 + 1839.666¢
39,265.976 = 1839.666¢
21.34

Using the model, the number of nurses will reach
200,000 in the year 2021. Answers will vary. Sample
answer: Yes, it is reasonable that the number of
registered nurses continues to increase at a rate in
which the number reaches 200,000 in the year 2021.

0

t
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116 Chapter 1 Equations, Inequalities, and Mathematical Modeling

= - <x< ) . 2
101. 7 = 75.82 — 2.11x + 43.51\/;, 5<x<40 102. (2) p= 184.64 + 075224t
1+ 0.0028¢

a) 212 = 7582 — 2.11x + 43.51
@ * Vx 184.64 + 0.75241>

L I
0 = —2.11x + 43.51/x — 136.18 1+ 000282

By the Quadratic Formula, we have 184.64 + 0.7524% = 210(1 + 0.0028:%)
Vx = 1677928 = x ~ 281.333

Jx = 3.84787 = x = 14.806.

Since x is restricted to 5 < x < 40, let x = 14.806

184.64 + 0.7524¢% = 210 + 0.588¢>
0.1644:> = 25.36

25.36
2 _
pounds per square inch. "= 0.1644
(b) 3?0 t = 12.42 — during 2002

m (b) To find the year when the total voting age population

is expected to reach 260 million, let P = 260 and

solve for .
5 40
p _ 18464+ 0.75241*
1 + 0.0028¢°
2
184.64 + 0.75241° _ 260
1 + 0.0028¢
184.64 + 0.7524% = 260(1 + 0.0028¢?)
184.64 + 0.7524¢* = 260 + 0.728¢*
0.0244¢* = 75.36
) 75.36
- =
0.0244
t = 55.57 — during 2045
This prediction is reasonable if population of the
United States in general continues to increase at a
similar rate as it had during the years 1990 through
2014. You could assume that the voting age
population would increase at a rate similar to that for
which the model was created.
103. 37.55 = 40 — ~/0.01x + 1
~N0.0lx +1 = 245
0.0lx + 1 = 6.0025
0.01x = 5.0025
x = 500.25

Rounding x to the nearest whole unit yields x = 500 units.
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104. Verbal Model: Total cost = Cost underwater - Distance underwater + Cost overland - Distance overland
Labels: Total cost : $1,098,662.40

Cost overland: $24 per foot
Distance overland in feet: 5280(8 - x)

Cost underwater: $30 per foot

2
Distance underwater in feet: 52805/ x> + (3/4)” = 5280, l% = 1320~/16x% + 9

Equation: 1,098,662.40 = 30(1320 16x? + 9) + 24[5280(8 — x) |

1,098,662.40 = 39,600~/16x* + 9 + 126,720(8 — x)

1,098,662.40 = 7920{5/16x +9 + 16(8 - )]

138.72 = 5162 + 9 + 16(8 — x)
138.72 = 5/16x% + 9 + 128 — 16x
16x +10.72 = 51657 + 9

2
(16x +10.72)" = (53/16x* +9)

256x2 + 343.04x + 114.9184 = 25(16x2 + 9)

256x% + 343.04x + 114.9184 = 400x> + 225
0 = 144x* — 343.04x + 110.0816
By the Quadratic Formula, x = 2 orx = 0.382.

So, the length of x could either be 0.382 mile or 2 miles.

105.

111
fi+3 y
111
fi+3 2

1 1 1
2t(t + 3)— + 24(t + 3)—— = 2¢(¢ + 3)—
(04 30+ 20+ 3 = 20 + 3

206 +3) + 2t = 1(r + 3)
20+ 6+ 2t =12 +3¢
0=t>-1t-6
0=(r-3)(r+2)
t-3=0=>1¢t=3
t+2=0=>1¢t=-2

Since ¢ represents time, ¢ = 3 is the only solution. It takes 3 hours for you working alone to tile the floor.

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



118 Chapter 1 Equations, Inequalities, and Mathematical Modeling

106. ! + 1!
t t+2 y
1 1 1
— 4+ =
t t+2 3
(¢ + 2)(1] + 3t + 2)(L] =3t + 2)(1)
t t+2 3
3t +2)+ 3t =1t +2)
3t+6+3t=1"+2t
0=t-4-6
2
P A G Mt © L)
2(1)
_4+/40
2
_4+2J10
2
2(2 £ /10)
S —
=2+ /10
t =52o0rt = -1.2
Since ¢ represents time, ¢ = 5.2 is the only solution. It takes approximately 5.2 hours for you working alone to paint the fence.
107 J - U 110. ~/x+10 =~/x—-10 =0
k Vx+10 = /x-10
2=l x+10 = x — 10
k 10 # —-10
d*k = 2U . . . .
s True. There is no value to satisfy this equation.
kd
= U
2 111. The distance between (3, —5)and (x, 7) is 13.
2 2
2 2 x=3) +(-5-7) =13
108. C = T Fh SCERRY )
2 2 (x - 3) + (-12)* = 13
CZ:[ZIZ' a2+b2] x* - 6x+ 9+ 144 = 169
2 ¥~ 6x—16 =0
e a2+ (x=8)(x+2) =0
2
471'2 2 x—-8=0=>x=238
¢ _ o X+2=0=x=-2
4r?
c? Both (8, 7) and (-2, 7)are a distance of 13 from
-~ b2 — a2
27? (3,-5).
2
a == C— -
27

109. False. See Example 7 on page 125.
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112. The distance between (10, y) and (4, —3) is 10.

113.

114.

115.

JO0 =47 +(y = (=3) =10

(6)" + (v +3)° =10

36 + (y +3)° =100

(v +3)* = 64

y+3 =418
y=-3+8=-115

Both (10, —11) and (10, 5) are a distance of 10 from

(4.-3).

The quadratic equation was not written in general form
before the values of a, b, and ¢ were substituted in the
Quadratic Formula. As a result, the substitutions in the
Quadratic Formula are incorrect.

(a) The formula for volume of the glass cube is
V' = Length x Width x Height.
The volume of water in the cube is the
length x width x height of the water.

So, the volume is x - x - (x —3) = x

?(x = 3).
(b) Given the equation x*(x — 3) = 320. The

dimensions of the glass cube can be found by
solving for x. Then, substitute that value into the

expression xto find the volume of the cube.

9+[9-a|l=b
|9 —a|=b-9
9-a=b-9 or 9-a=-(b-9)
—a =b-18 9—-a=-b+9
a=18-b —-a=-b
a=b>b

Thus, @ = 18 — b or a = b. From the original equation

we know that b > 9

Some possibilities are: b = 9, a = 9
b=10,a =8ora =10
b=1l,a=77o0ra=11
b=12,a =6o0ra =12
b=13,a=50ra =13
b=14,a =4o0ra =14

Section 1.7 Linear Inequalities in One Variable

116.

117.

118.

119

Isolate the absolute value by subtracting x from both
sides of the equations. The expression inside the absolute
value signs can be positive or negative, so two separate
equations must be solved. Each solution must be checked
since extraneous solutions may be included.

20+~20-1 =5
J20—a =b-20
20 — a = b2 — 40b + 400
b* — 40b + 380
—b2 + 40b — 380

—a

a

This formula gives the relationship between a and b.
From the original equation we know that ¢ < 20 and
b > 20. Choose a b value, where b > 20 and then
solve for a, keeping in mind that a < 20.

Some possibilities are: b = 20, a = 20
b=2l,a =19
b=22,a=16
b=23a=11
b=24a=4
b=25a=-5

First isolate the radical by subtracting x from both sides
of the equation. Then, square both sides and solve the
resulting equation using the Quadratic Formula. Each
solution must be checked since extraneous solutions may
be included.

Section 1.7 Linear Inequalities in One Variable

1. solution set

2. graph

3. double

4.

5.

union

Interval: [-2, 6)

Inequality: —2 < x < 6; The interval is bounded.
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6. Interval: (-7, 4) 20. 3x +1 =22+ x %r
. . . . 2x 21 ,; o s 2 '
Inequality: —7 < x < 4 ; The interval is bounded.
x4
2
7. Interval: [—1, 5]
4 + L x
Inequality: —1 < x < 5; The interval is bounded. 21 3x-424-5x G0 1 o2 3 o4
8x = 8
8. Interval: (2,10] x>1
I lity: 2 < x < 10; The interval is bounded.
nequality X e interval is bounde 2 6 —4 <248 —— _;r_ —
9. Interval: (11, o) -2x <6
x =3

Inequality: x > 11; The interval is unbounded.

23. 4 - 2x <33 - x)

10. Interval: [-5, <) 34
4 -2x <9 -3x
Inequality: =5 < x < o or x > —5; The interval is ‘<5
unbounded.
24, 4x +1) < 2x +3 3
11. Interval: (—eo, —2) y— ;
4x +4 < 2x + 3 -2 - 0 1
Inequality: x < —2; The interval is unbounded. 2% < -1
12. Interval: (—so, 7] x < _%
Inequality: — < x < 7 or x < 7 ; The interval is 25, %x C6<x—7 2 3 E 5 ;
unbounded.
——x < -1
13. 4x < 12 —_—
X . o2 3 4 s x =4
Z(4x) < 2(12) , .
X <3 26.3+7x>x—2 A A
. 21+ 2x > 7x — 14
14. 10x < —40 —_—
6 -5 -4 -3 -2 —-5x > =35
x < -4
x <7
15. -2x > -3 3 .
s 27. L8x+1) 2 3x + 3 e
—%(—Zx) < (—%)(—3) 2 -1 0 1 2 3
4x +1>3x+3
3 2 2
x <3
x =2
_s
16. ~6x > 15 N 28, 9x — 1< 3(16x - 2) 1
_ls _5 ? ’ N
TeTeorrsTy e 36x — 4 < 48x - 6 R
17. x-527 —— x —12x <=2
10 11 12 13 14 1
x =12 x>
18. x +7 <12 — 29. 3.6x + 11> -34 ——F ‘
3 4 5 6 7 -6 -5 -4 -3 =2
x<5 3.6x > 144
>
19. 2x + 7 < 3 + 4x N — ¥z -4
0 1 2 3 4
“2x <4 30. 15.6 — 1.3x < —5.2 ——t ‘
14 15 16 17 18
x>12 ~1.3x < —20.8
x > 16
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31.

32.

33.

34.

3s.

36.

37.

38.

39.

1<2x+3<9
2x < 6

|
e
IN

-2x-7<5
-2x <12
x> -6

x <1

|
—_— N
|AVARRVAN

|
[o)}
A

LHow - L
AV IV OIA
= o= o=
A Vv | =
[
LV
>
LA
~

2x -3
3
-12 <2x-3<12
9 <2x <15

9 15
—— < x < —=

2 2

-4 < <4

0 x+3

IN

<5

0<x+3<10

-3<x<7

-x =2
3
3<-x-2
-1<-x<5
1>x2-5

-5<x<1

|
—
AN
IN
—_

IN
w

—3x+5S
7
-3x+5< 14

-3x <9

x = -3

|
—_
IN

2

|
—_ |
E - NS N |
AV VAN VAN

|
w
IN
=
IN
N

[S FERyn

L

4
t

— — t t t
-7 -6 -5 -4 -3 -2 -1 0

-3-2-1 0 1 2 3 4

Section 1.7 Linear Inequalities in One Variable

40.

41.

42.

43.

44.

45.

46.

47.

48.

49

1<2-2 <1
3

-3<6-x<3

HY9<—x<3
3<x<9
32<04x-1<44

42 <04x <54
10.5 < x <135

IN

N

1.6 <03x+1<28
0.6 < 03x < 1.8
2<x<6

‘x‘<5

-S5<x<5

‘x‘ZS

x >28orx < -8

> 1

2
f<—10r£>1
2 2

x < =2

‘1
3

2<Xcn
3

x > 2

<2

—-6<x<6

|x - 5]< -1

No solution. The absolute value of a number cannot be
less than a negative number.

|x -7 <=5

No solution. The absolute value of a number cannot be
less than a negative number.

|x—20|< 6
-6<x-20<6
14 < x <26

121

-6 -4 -2 0 2 4

-10-8-6-4-2 0 2 4 6 8 10

x

L

0 o~

\
-8-6-4-2 0 2 4

o~
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50. |[x -8/=0 56. |x +14|+3 > 17
x—820 or ~(x—38) 2 |x + 14| > 14
x2>8 -x +8 2= x+14<-14 or x+14 > 14
-x = -8 x < =28 x>0
x <8 | x
-35-28-21-14 -7 0 7
All real numbers x
S22 57. 2\x+10\29
|x +10| 2 2
— >
51"7 2x‘-9 x+10S—% or x+10>%
7-2x<-9 or 7-2x29 xg_%‘) x2—1—21
—2x £ -16 —2x =22 B T
2
x =8 x < -1 3 ; fr_ .
—1 -6 -12 -8 -4
L IR S
P L -
-2 0 2 4 6 8 10 58. 3‘4—5X‘S9 é %
L h .
5 112 s , \ ‘4—5x‘£3 o R
52. |1 — < ' L
‘ x‘ -2 -1 0 1 2 3 3<4-5¢<3
S5<1-2x<5 7 < -5x < -1
-6 < 2x< 4 %szé
3>x> -2
Loy
2 <x<3 5 5
53, x—324 1 1[1 . 59. 7x > 21
2 -15 -10 -5 0 5 10 15 X > 3
x_3S—4 or x—324 7
2
x—3< -8 x—32>28 ~10 =10
x £ -5 x 211
2x —t }—+>x o
54"1_?<1 S0 1 2 34
60. —4x <9
2x
—1<1—?<1 e 2
4
_2<_§<0 x =2 =225
3 10
3>x>0
0<x<3 o o
t ¢ } } x
55. |9 - 2x[-2< -1 M S A L
|9 - 2x| <1
1<9-2x <1 61. 8 —3x =22
-10 < 2x < -8 —3x 2 -6
5>x>4 x <2
4<x<5 i
-10 10
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62.

63.

64.

65.

66.

20 < 6x -1

21 < 6x

7
2<)C

x > 35

IN

4(x - 3)
4x — 12
5x

=

IANIN N

B D 0O
(=]

3(x+1)<x+7

3x+3<x+7

2x < 4

x <2
-10
|x - 8| < 14 2
-14<x-8<14 o

-10
-6<x <22

-10

|2x + 9> 13
2x+9 < =13 or 2x+9 >13
2x < =22 2x > 4
x < —11 x> 2

10

24

Section 1.7 Linear Inequalities in

67.

68.

69.

70.

One Variable

(VAR
|

w

N =

2lx+ 7|2 13
13
x+7< % or x+7
xﬁ—% X
10
—15 [ +=| 1
-10
1
|x+1]<6 0
-6<x+1<6
-7<x<5
y=3x-1
(a) y=z2
3x—-12>22
3x 23
x 2>1
(b) y=0
3x-1<0
3x <1
xS%
5
)
-5
y=%x+1
(a) y=s5
2
§X+1S5
%x<4 -5
x <6
(b) yz0
2
%x> 1
xZ—%

123
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124 Chapter 1 Equations, Inequalities, and Mathematical Modeling

7.y = —Ix +2

4>x2=2-2 -2
b >0
(b) y 75
—?+220
1> 76.
x <4

72. y=-3x+8

-1<-3x+8<3
-9 < 3x< -5
-9 9
32x22 \
3 -3
$<x<3 78.
(b) y<0
3x+8<0
-3x < -8
x>4 79.
73,y =|x-3
@  y<2 d 80
‘x—3‘£2
2<x-3<2
-5 10
I1<x<5 - 81.
(b) yz
‘x—3‘2
82.
x—3<-4 or x-324
x <=1 or x =17
83.
74.y=‘%x+1‘
(@ y<4
%x+wg4 5
84.
4 <Jx+1<4
—5<%x§3 ~10 10
-10<x<6 -1 85
86.
87.
88.

77.

(b) y=1
[1x +1|21
Ir+l<—lor Ix+121
%x <=2 %x =20
x <-4 x 20
All real numbers less than § units from 10.
|x —8|>4
All real numbers more than 4 units from 8

The midpoint of the interval [—3, 3] is 0. The interval

represents all real numbers x no more than 3 units
from 0.

x—0/<3
‘ ‘
‘x‘s3

The graph shows all real numbers more than 3 units
from 0.

|x-0]>3

‘x‘>3

The graph shows all real numbers at least 3 units from 7.

‘x—7‘23

. The graph shows all real numbers no more than 4 units

from —1.

|x+1/<4

All real numbers less than 3 units from 7
‘x - 7‘ >3
All real numbers at least 5 units from 8

|x-8|25

All real numbers less than 4 units from —3
|x = (-3)[< 4
|x+3|< 4
All real numbers no more than 7 units from —6

‘x+6‘£7

. $725 < P <8775

180 < w < 185.5
r < 0.08

1 > $239,000,000
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89.

90.

91.

92.

93.

94.

95.

96.

r =220 — 4 = 220 — 20 = 200 beats per minute
0.50(200) < r < 0.85(200)
100 < » <170

The target heart rate is at least 100 beats per minute and
at most 170 beats per minute.

N

r =220 - A4 = 220 — 40 = 180 beats per minute
0.50(180) < r < 0.85(180)
90 < r <153

The target heartrate is at least 90 beats per minute and at
most 153 beats per minute.

9.00 + 0.75x > 13.50
0.75x > 4.50
x>6

You must produce at least 6 units each hour in order to
yield a greater hourly wage at the second job.

10.00 + 1.25x > 13.75
1.25x > 3.75
x >3

You must produce more than 3 units each hour in order
to yield a greater hourly wage at the second job.

1000(1 + (10)) > 2000.00
1+10r > 2
10 > 1
r> 0.1

The rate must be greater than 10%.

750 < 500(1 + (5))
1.5 <1+ 5r

0.5 < 5r

01<r

The rate must be more than 10%.

R>C
115.95x > 95x + 750
20.95x > 750

x 2 35.7995

>
x 2= 36 units

24.55x > 15.4x + 150,000
9.15 > 150,000
x > 16,393.44262
Because the number of units x must be an integer, the

product will return a profit when at least 16,394 units
are sold.

Section 1.7 Linear Inequalities in One Variable

97.

98.

99.

100.

125

Let x = number of dozen doughnuts sold per day.

Revenue: R = 7.95x
Cost: C = 1.45x + 165
P=R-C
= 7.95x — (1.45x + 165)
= 6.50x — 165
400 < P <1200
400 < 6.50x — 165 < 1200
565 < 6.50x < 1365
86.9 < x <210

The daily sales vary between 87 and 210 dozen
doughnuts per day.

The goal is to lose 164 — 128 = 36 pounds. At 1%

pounds per week, it will take 24 weeks.

Y 2
36715_36><§
=12x2
=24
(@ ¢
0 5

0

(b) From the graph you see that y > 3 when x = 2.9.
(c) Algebraically:
3 < 0.692x + 0.988
2.012 < 0.692x
291 < x
x =291

(d) IQ scores are not a good predictor of GPAs. Other
factors include study habits, class attendance, and

attitudes.
100

IN

(@

0

(b) One estimate is x < 224 pounds.

(c) 0.33x + 6.20 < 80
0.33x < 73.8
x < 223.636

(d) An athlete’s bench press load weight may not be a
particularly good indicator of the athlete’s barbell
curl weight. Other factors, such as if the athlete
focuses solely on his/her bench press maximum,
other exercise habits, the athlete’s hand strength, etc.

IN
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126 Chapter 1 Equations, Inequalities, and Mathematical Modeling

101.

102.

103.

104.

105.

106.

(@ W = 0.903¢ + 26.08
30 < 0.903¢ + 26.08 < 32
3.92 < 0.903¢ < 6.56
434 <t <592

Between the years 2004 and 2006, the mean hourly
wage was between $30 and $32.

(b) 0.903 + 26.08 > 45
0.903¢ > 18.92
t > 2095

The mean hourly wage will exceed $45 sometime
during the year 2020.

(a) M =3.00t +163.3
180 < 3.00¢ + 163.3 < 190
16.7 < 3.00¢t < 26.7
56 <t <89

Milk production was between 180 billion pounds
and 190 billion pounds between the years 2005 and
2008.

(b) 3.007 + 163.3 > 230
3.00t > 66.7
t > 222

Milk production will exceed 230 billion pounds
sometime during the year 2022.

t—1.195.6‘ <1 ‘ ‘13[7 lzi .
t—15.6

1.9
-19<t-156 <19

137 <t <175

—t—F y A —
12 13 14 15 16 17 18 19

-1 < <1

Two-thirds of the workers could perform the task in the
time interval between 13.7 minutes and 17.5 minutes.

(a) |x— 206 <3
—3<x-206<3
203 < x < 09

b e

loz = le,soloz = ilb.
16 2 32

Because 8.99 - é = 0.2809375 , you may be

undercharged or overcharged by $0.28.

%(2.22) = $0.22 per gallon

You might have been undercharged or overcharged by
$0.22.

107.

108.

109.

110.

111.

112.

113.

114.

115.

1
s —104|< &
1 1
—0.0625 < s —10.4 < 0.0625
10.3375 < 5 < 10.4625

Because 4 = s,

(10.3375)" < area < (10.4625)°
106.864 in? < area < 109.464 in>2.

242 -025 <5 <242+ 0.25
2395 < 5 < 2445

The interval containing the possible side lengths s in
centimeters of the square is [23.95, 24.45], so the

interval containing the possible areas in square
centimeters is [23.952, 24.452}, or

[573.6025, 597.8025].

True. This is the Addition of a Constant Property of
Inequalities.

False. If ¢ is negative, then ac = bc.

False. If =10 < x < 8, then 10 > —x and —x > —8.

True. This is the Multiplication by a Constant Property
of Inequalities,

forc < 0,a < b = ac > bc
Answer not unique. Sample answer: x < x + 1

y

40
2 35
£ 30 //
1
en 25 / i
£ 20 e
172} 15 /I 1
w2 /I' 1 1
S 10 i
= sl
1
>
1 2 3 4

Volume (in cubic centimeters)

(a) When the volume is 2 cubic centimeters, the mass is
approximately 15 grams.

(b) When the volume is greater than or equal to 0 cubic
centimeters, and less than 4 cubic centimeters,
0 < x < 4the mass is greater than or equal to 0
grams and less than 30 grams, 0 < y < 30.

Answer not unique. Sample answer: \ax - b\ < g, if

a=1>b=5,andc = 5,then

|x-5]<5
-5<x-5<5
0<x<10
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Section 1.8 Other Types of Inequalities

1. positive; negative

2. key; test intervals

5.x2-3<0
(@ x =3

92

(3 -3 <0
6%0

No, x = 3 is not

a solution.

6. x> -2x-820

(@ x=15

(5 - 2(5) -8

Yes, x =5 is

a solution.

Yes, x = 5is

a solution.

e

X2+ 4
(a) x=-2
3(-2)°

12

<1

IV -

v

No, x = =2 is not

a solution.

(b)

(b)

(b)

(b)

x=0

?

(0 =3 <0
-3<0
Yes, x = 0 is

a solution.

(0> = 2(0) -8 >0
8 #0
No, x = 0 is not

a solution.

g is undefined.

No, x = 4 is not

a solution.

Yes,x = —1lis

a solution.

(©)

(©)

©

©

Section 1.8 Other Types of Inequalities 127

3. zeros; undefined values

4. P=R-C

=
Il
N W

a solution.

x =-4
(-4)° - 2(-4) - 8

16 +8 -8
16

Yes, x = —4 is

a solution.

No, x = —2 is not
2

a solution.

Yes,x = 0is

a solution.

IV

IV -~

vV

(d)

(d)

(d)

(d)

x=-5
(-5 -3<0
22 £ 0
No, x = =5 is not
a solution
x =1
(17 -201)-8 20
1-2-82>0
-9 #0
No, x =1 is not
a solution
9
x ==
2
%+2 9
>
5 >3
~ -4
2
13>3
Yes, x = —is
2
a solution.
x =3
2
3(3 ?
E) <1
(3 +4
27
13

No, x = 3 is not

a solution.
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128 Chapter 1 Equations, Inequalities, and Mathematical Modeling

9. x> —3x —18 = (x + 3)(x - 6) X 2 _xx—1) - 2(x + 2)
X+3=0= x =-3 x+2 x-1 (x +2)(x - 1)
xX—6=0=>x=6 ¥ —x-2x-4

The key numbers are —3 and 6.

10. 9x° — 25x2 = 0 -

x2(9x—25)=0 (x=4)x+1=0
X=0=>x=0 x—4=0= x=4
9x—25=0:>x:% x+1l=0=x=-1

The key numbers are 0 and %. (x + 2)(x - 1) =0

x+2=0=>x=-2

1+1(x-35 x—-1=0=x=1
TR LRtk
X =3 x4— 3 The key numbers are -2, —1, 1, and 4.
X —
T x-5

x—4=0=>x=4
x—-5=0=>x=5

The key numbers are 4 and 5.

13. 2x* +4x <0
2x(x +2) <0
Key numbers: x = 0, -2
Test intervals: (—eo, —2), (=2, 0), (0, o)

Test: Is 2x(x + 2) < 0?

Interval x-Value Value of 2x(x + 2) Conclusion

(—oo, —2) -3 6 Positive

(-2,0) -1 -2 Negative Solution set: (-2, 0)

(0, o) 1 3 Positive D _g B é T
14. 3x2 —9x > 0

3x(x —3) 2 0

Key numbers: x = 0,3

Test intervals: (—ee, 0), (0, 3), (3, o)

Test: Is 3x(x — 3) > 0?

Interval x-Value Value of 3x(x — 3) Conclusion

(=o=, 0) -1 12 Positive

(0,3) 1 -6 Negative Solution set: (—ee, 0] U [3, o)

(3, oo) 4 12 Positive 321 .J(IJ 1 z %r_ 456 :
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15.

16.

19.

¥ <9
¥ -9<0
(x+3)(x-3)<0
Key numbers: x = 3
Test intervals: (—eoo, =3), (=3, 3), (3, =)

Test: Is (x + 3)(x — 3) < 0?

Interval x-Value Valueof x> —9  Conclusion
(_oo, _3) -4 7 Positive
(-3,3) 0 -9 Negative
(3, ) 4 7 Positive
Solution set: (-3, 3)
L L 3 X
—¢ }—+>
-4 -3-2-1 0 1 2 3 4
x? <25
x> -25<0
(x+5)(x=-5<0
Key numbers: x = 5
Test intervals: (—eo, =5), (=5, 5), (5, )
Test: Is (x + 5)(x — 5) < 0?
Interval x-Value Value of x> — 25  Conclusion
(—eo, -5) -6 11 Positive
(-5,5) 0 -25 Negative
(5, ) 6 11 Positive

Solution set: [-5, 5]

v
|
N

X2+ 6x+1

v
(e}

X2 +6x + 8
(x+2)(x+4)

v

Key numbers: x = =2, x = —4
Test Intervals: (—oo, —4), (—4, —2), (=2, =)

Test: Is (x + 2)(x + 4) > 0?

Interval x-Value

(—oo, —4) -6 8
(-4, -2) -3 -1
(=2, ) 0 8

17. (x +2)°

18. (x - 3)

Value of (x + 2)(x + 4)

Section 1.8 Other Types of Inequalities 129

IN

25

IN

x> +4x+4 <25
X2+ 4x - 21

(x + 7)(x - 3)

IN

IN

0
Key numbers: x = -7, x =3
Test intervals: (—oo, —7), (—7, 3), (3, oo)

Test: Is (x + 7)(x — 3) < 0?

Interval x-Value Value of Conclusion
(x + 7)(x = 3)

(—e0, =7) -8 (-1)(-11) =11 Positive

(-7,3) 0 (7)(-3) = =21  Negative

(3,0) 4 (1) =11 Positive

Solution set: [-7, 3]

-7 3
I . . . i ' x

i - 3
-8 -6 -4 -2 0 2 4 6

[\

1

0
0

\Y

x2 — 6x + 8
(v = 2 - 4)

v

Key numbers: x = 2, x = 4

Test intervals: (—e0,2) = (x — 2)(x —4) > 0
(2,4) = (x - 2)(x - 4) <0
(4,0) > (x = 2)(x —4) >0

Solution set: (—eo, 2] U [4, o)

X

|
o ' L
1 2 3 4 5
Conclusion
Positive
Negative Solution set: (—oo, —4] U [-2, o)
.. }——F N
Positive R
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130 Chapter 1 Equations, Inequalities, and Mathematical Modeling

20.

21.

22.

X -8 +2<11
X -8 -9<0
(x=9x+1) <0

Key numbers: x = -1, x =9

Test intervals: (—eo, 1) = (x = 9)(x +1) > 0
(-L9) = (x=9)(x+1) <0
(9,00) > (x=9)(x +1) >0

Solution set: (-1, 9)

X +x<6
2

x*+x-6<0
(x+3)(x—2)<0
Key numbers: x = -3, x = 2
Test intervals: (—eo, —3), (=3, 2), (2, =)

Test: Is (x + 3)(x — 2) < 0?

Interval x-Value Value of
(x +3)(x - 2)
(-==3) -4 (-])(-6)=6
(22 0 ()2=-6
(2. ) 3 (6)(1) = 6
Solution set: (-3, 2)
L LY X
"
-3 -2 -1 0 1 2
X2 +2x >3
X +2x-3>0
(x+3)(x—1)>0
Key numbers: x = -3, x =1

Conclusion

Positive
Negative

Positive

Test intervals: (—e, =3) = (x + 3)(x = 1) > 0
(-31)=> (x+3)(x-1) <0
(L) = (x+3)(x-1)>0

Solution set: (—oo, =3) U (1, o)

) 4 ¥ + L x

7 ' ' \
-4 -3 -2 -1 0 1 2

23.

24.

x? <3 -2x
¥ +2x-3<0
(x+3)x-1)<0
Key numbers: x = -3,x =1
Test intervals: (—oo, =3), (=3, 1), (1, =)

Test: Is (x + 3)(x — 1) < 0?

Interval x-Value Value of
(x +3)(x -1
O I N O

(=3.1) 0 @)1 = -3

(1, ) 2 (5)1) = 5
Solution set: (-3, 1)

L L LY X

\ 7
-3 -2 -1 0 1

x2 > 2x +8

x2-2x-8>0
(x=4)(x+2)>0
Key numbers: x = -2, x = 4

Test intervals: (—oo, —2), (=2, 4), (4, =)
Test: Is (x — 4)(x + 2) > 0?

Value of
(x - 4)(x + 2)

(-1) =7
(2) = -8

Interval x-Value

(=2 3 ()
249 0 (4

(4, ) 5 (1)

Solution set: (—eo, —2) U (4, o)

~—

=17

“““ e

p—y—t——+—1+— —
-3-2-1 0 1 2 3 4 5

x

Conclusion

Positive
Negative

Positive

Conclusion

Positive
Negative

Positive

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Section 1.8 Other Types of Inequalities 131

25. 3x2 = 11x > 20 26. 2x> +6x +15<0
3x2 = 1lx =20 > 0 2x* —6x —15 =0
(B + 4)x = 3) > 0 ~(6) £ /(-6)" - 42)(-15)
X =
Key numbers: x = 5, x = —% 2(2)
6 £ /156
. . 4 4 -
Test intervals: (—oo, —3), (—g, 5), (3, ) D
Test: Is (3x + 4)(x — 5) > 0? 6+ 24/39
Interval x-Value Value of Conclusion 4
(3x + 4)(x = 5) _3 .3
27 2
4 _ .o
(—007 —5) -3 (—5)(-8) = 40 Positive N 3 U3
Key numbers: x = — — , X ==+ —
(-4.5) 0 (4)(-5) = =20 Negative 22 22
Test intervals:
(5. o) 6 (22)(1) =22 Positive
e, 2 I e e 15<0
Solution set: (—oo, —%) U (5, 0) ) 2 * *
_4
z X 3_¢39,3+v39]:_2xz+6x+15>0
2-1 01 23 45 6 2 2 2 2
3+“39,z>o]:>—2x2+6x+15 <0
2 2
Solution set: [—oo, 3 —39} ) I:s + ﬁ, oo]
2 2 2 2
3_V39 3, V39
2 2 2 2
-2-1 0 1 2 3 4 5 '
27. X =32 -x+3>0
xz(x—3)—(x—3) >0
(x - 3)(x2 - l) >0
(x=3)(x+1(x-1)>0
Key numbers: x = —L,x = 1,x = 3
Test intervals: (—eo —1), (=1, 1), (1, 3), (3, =)
Test: Is (x — 3)(x + 1)(x — 1) > 0?
Interval x-Value Value of (x — 3)(x + I)(x — 1) Conclusion
(=oo, —1) -2 (=5)(-1)(-3) = -15 Negative
(-L1) 0 (-3)(1)(-1) =3 Positive
(1,3) 2 (-)(3)(1) = -3 Negative
(3, ) 4 HB)3) =15 Positive

Solution set: (—1,1) U (3, )

X
-3-2-1 01 23 45 67
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132 Chapter 1 Equations, Inequalities, and Mathematical Modeling

0
0

28. X +2x* —4x -8
xX(x +2) - 4x +2)
(x+ 2)(x2 - 4) <0

INA

IN

(x+2(x-2)<0
Key numbers: x = -2, x = 2
Test intervals: (—e0, =2) = x* + 2x> —4x -8 < 0
(-2,2) = X + 25 —4x -8 <0
(2,00) => X +2x* —4x -8 >0

Solution set: (—es, 2]

10 e

29. x>+ 7x* +9x > 63
x> —7x> - 9x < —63

X=X -9 +63<0

Px=-7)-9x-7) <0
(x=7)(x*=9) <0

(x = 7)(x +3)(x - 3) < 0

Key numbers: x = -3,x = 3,x =7

Test intervals: (—eo, =3), (=3, 3), (3, 7), (7, =)

Test: Is (x — 7)(x + 3)(x — 3) < 0?

Interval x-Value Value of (x — 7)(x + 3)(x - 3) Conclusion
(=e0, =3) 4 (—11)(-1)(=7) = =77 Negative
(-3,3) 0 (-7)(3)(-3) = 63 Positive
(3,7) 4 (=3)(7)(1) = 21 Negative
(7, ) 8 (1)(11)(5) = 55 Positive

Solution set: (—ee, =3) U (3,7)
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30. 2x% +13x% — 8x — 46 = 6 33. X —4x >
2% +13x* —8x—-522>0 x(x+2)(x—-2)20
x*(2x +13) = 4(2x +13) 2 0 Key numbers: x = 0, x = +2
(2x + 13)(x2 - 4) 20 Test intervals: (—eo, =2) = x(x + 2)(x — 2) < 0

(2x+13)(x+2)(x-2)20 (-2,0) = x(x + 2)(x —2) > 0
Key numbers: x = -2, x = =2,x = 2 0,2) = x(x+2)(x-2) <0
Test intervals: (2 2) = x(x + 2)(x - 2) > 0
(oo -B) = 26 + 1327 ~8x =52 < 0 Solution set: [-2, 0] U [2, )
(-2,-2) = 2% + 132> ~8x ~ 52 > 0 YN JEE BN Semaat

2’
(-2,2) = 2 +13x* - 8x =52 < 0

34, 2x° —x' <
(2,00) = 2x% + 132 —8x — 52 > 0 - =0

¥*2-x)<0
. o1z o
Solution et [ 2’ J’ 2 ) Key numbers: x = 0, x = 2
_13
5 P R S Test intervals: (-2, 0) = x*(2 — x) < 0
8 %6 -4 2 0 2 4

0,2) = x*2-x)>0

3. 4% —6x7 < (2,00) = ¥*2-x) <0

(=]

2x*(2x -3) < 0 Solution set: (—eo, 0] U [2, o)
Keynumbers:x:O,x=% 2 - .‘:) A

Test intervals: (—e, 0) = 2x*(2x — 3) < 0

(0.3) = 2= 2%(2x-3) < 0 35 (x—1)’(x+2) 20
(%, °°) = 2x*(2x = 3) > 0 Key numbers: x = 1,x = -2
Solution set: (—eo, 0) U (O, %) Test intervals: (—o0, =2) = (x — 1)2(x + 2)3 <0
3 (-2,1) = (x=1)’(x+2)’ >0
A4 A X
RO B (L) = (x = 1)’(x+2)° >0
Solution set: [—2, o)
32. 4% —12x* > 0 E .
4x°(x - 3) > 0 R
Key numbers: x = 0, x = 3 36. x4(x _ 3) <0

Test intervals: (—eo, 0) = 4x?(x —3) < 0
(0, 3) = 4x2(x - 3) <0
(3, 00) = 4x2(x - 3) >0

Key numbers: x = 0, x = 3

Test intervals: (—eo, 0) = x*(x —3) < 0
(0,3) = x*(x-3) <0

Solution set: (3, o) (3,00) = x*(x =3) > 0

L
\
3

; s Solution set: (—, 3]

1 2

h |
t t 1 t t
1 2 3 4 5
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37. 4x> —4x +1<0
Q2x-1)*<0

Key number: x =

[SIE

Test Interval x-Value Polynomial Value Conclusion
(=, %) X = [2(0) =1* =1 Positive
(1, x=1 RO -1 =1 Positive

The solution set consists of the single real number 7.

38. X2 +3x+8>0

V23,

Using the Quadratic Formula you can determine the key numbers are x = = + Tz.
Test Interval x-Value Polynomial Value Conclusion
(=00, =) x=0 (0)* +3(0) +8 =8 Positive

The solution set is the set of all real numbers.

39. X2 —6x+12<0

Using the Quadratic Formula, you can determine that the key numbers are x = 3 £ ~/3i.

Test Interval x-Value Polynomial Value Conclusion
(=00, 00) x=0 (0)? — 6(0) +12 = 12 Positive

The solution set is empty, that is there are no real solutions.

40. x> —8x +16 >0

(x=4)2>0
Key number: x = 4
Test Interval x-Value Polynomial Value Conclusion
(=, 4) x=0 0-4)7*=16 Positive
(4, o) x=5 G5-4=1 Positive

The solution set consists of all real numbers except x = 4, or (—eo, 4) U (4, ).
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41.

43.

4x — 1

X

>0

Key numbers: x = 0, x =

Test intervals: (—eo, 0), (0, i)

Test: Is dr -1 > 0?
X
4x — 1 .
Interval x-Value Value of Conclusion
x
-5 ..
(=ee, 0) -1 - = 5 Positive
1
1 1 ) .
0,— — —= =4 Negative
[ 4] s 1 ¢
8
l, oo 1 3 =3 Positive
4 1
. 1
Solution set: (—eo, 0) U T oo
1
4
AL x
I\
-2 -1 0 1 2
3x +5 <2
x—1
3x+5 —2 <0
x =1
3x+5-2(x-1
45-2x-1)
x =1
x+7 <0
x—1
Key numbers: x = -7,x =1
Test intervals: (—eo, —=7), (=7,1), (1, o)
Test: Is x+7 < 0?
x =1
x+7
Interval x-Value Value of
x —
-1 1
(-=-7) -4 -
-9 9
(=7.1) 0 0+7_ 4
0-1
(1, ) 2 249 _
2 -1
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2_
42. Sl R
X
-1 1
(-1
X
Key numbers: x = -1, x = 0, x =1

Test intervals: (—ee, —1), (=1, 0), (0, 1), (1, =)

Interval x-Value Value of Conclusion
(x =1(x+1)
X
=3)(-1
(—ee, 1) -2 7( _)(2 ) = —% Negative
)3l
(-1,0) —% % = % Positive
2
L)
(0,1) % % = —% Negative
2
1
(1, ) 2 m = 3 Positive
2 2
Solution set: (—eo, —1) U (0, 1)
-(-4---)44444‘--’44444+44>»x
-2 -1 0 1 2
Conclusion
Positive
Negative Solution set: (—7, l)
-7 |
Positive N

'
-8 -6 -4 =2 0 2
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)c+12>
x+2
x + 12
x+ 2 -
x+12 -3(x +2)
x+ 2
6—2x>

x+ 2

44,

3

vV

Key numbers: x = -2,x = 3

Test intervals: (—eo, —2), (=2, 3), (=3, )

Test: Is 6= 2x > 0?
x+2
Interval x-Value Value of 6= 22x Conclusion
X +
(—oo, _2) -3 6( _3)2(_2) = - Negative
-3) +
(-2,3) 0 g — (2) =3 Positive
+
(3, ) 4 4 — i = % Negative
+
Solution set: (-2, 3]
¢ 1, .
\ ! J :
-2 -1 0 1 2 3
45. 2 ! 46. > > 3
x+5 x-3 x-6 x+2
2 1, 5(x +2) - 3(x — 6)
x+5 x-3 (x = 6)(x +2)
2(x=3) - 1(x+5) _ 2x+28
(x +5)(x - 3) (x —6)(x +2)
#(113) >0 Key numbers: x = —14,x = -2, x = 6
x + 5)(x —
. 2x + 28
Key numbers: x = =5,x = 3, x = 11 Test intervals: (—o, —14) = m
- 11
Test intervals: (—eo, —5) = T <o —14. -2 _2x+28
(x + 5)(x - 3) (142 = C g0+ )
x — 11 2 28
(-5.3) > ——— 50 o) X t28
(x +5)(x - 3) (=2.0) (x = 6)(x +2)
x —11
G = <o oyl 2T
(x + 5)(x - 3) (6,) (x = 6)(x +2)
(11, 00) = #(113) >0 Solution intervals: (—14, —2) U (6, o)
x + 5)(x -
~14 -2 6
Solution set: (—5,3) L (11, ) H }—+ x
-15 -10 -5 0 5 10

=5 11
H yY ¢t

H—————
9 -6-3 0 3 6 9 1215
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2
—_

N
Nl

x—-3 4x+3
L9
x—3 4x+3

4x +3 - 9(x - 3)
L et A
(x = 3)(4x + 3)
30 — 5x
(x = 3)(4x +3)

Key numbers: x = 3, x = _i x=6

Test intervals: (—oo —%j = 30 — 5x

(—53)3730_5’6 <0
4 (x = 3)(4x +3)
30 - 5x
36) > —— == 50
(3.6) (x = 3)(4x + 3)
30 — 5x

02 = 33 ©

Solution set: (—%, 3) U [6, =)

3
4 3
L A} L x
A S | —
-4 -2 0 2 4 6 8
48. l > !
x x+3
(3= 100)
x(x + 3)
_3
x(x + 3) B
Key numbers: x = =3, x = 0
Test intervals: (—oo, —3) = 3 >0
x(x + 3)
(£3,0) > —> <0
x(x + 3)
3
0, oo >0
( ) x(x + 3)

Solution intervals: (—oo, —3) U (O, oo)

A} 4 }
t 7 t t Ly t
-4 -3 -2 -1 0 1

x
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49, x2 + 2x <
X2 -9
x(x + 2)
(x+3)(x=3)

Key numbers: x = 0,x = =2, x = £3
x(x + 2)

(x + 3)(x = 3)
x(x + 2)

(x + 3)(x = 3)

x(x + 2)

20 = 563
x(x + 2)

(x + 3)(x - 3)
x(x + 2)

(x + 3)(x - 3)

Solution set: (-3, -2] U [0, 3)

Test intervals: (—eo, —3) = >0

(-3,-2) = <0

>0

(0,3) = <0

(3,00) = >0

2 —
s, X Fx-6

(x +3)(x - 2)

X

>0

Key numbers: x = =3, x = 0,x = 2

3)(x -2
Test intervals: (—oo, —3) = w <0
x

(_3’0)2w >0

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

<0
x
(x+3(x—2)>

X

(2,00) = 0

Solution set: [-3,0) U [2, o)

137
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51. 31+ 2x1>_1 53. y = —x? +2x +3
x - X+
3(x+1)+2x(x—1)+1(x+1)(x—1)>0 8
(11 N
x4+ x+2 50 . ,
(xr =D +1) fr
-2
Key numbers: x = -1, x =1 (3) ¥ <0 when x < —1 or x > 3.
2
Test intervals: (—eo, —1) = % >0 (b) y 23 when 0 < x < 2.
x—1)(x+
(_1’1)j3x2+x+2<0 54.y=%x2—2x+1
(x—l)(x+1) 12
2
(1,00)3 3x*+x+2 50
(x =1(x+1)
-10 — 14
Solution set: (—eo, —1) U (1, o)
R W 2 . -
St (a)ySOwhenZ—\/ESx£2+\/E.
52 3x < X .5 (b) y 27 when x £ =2 orx > 6.
) x—-1 x+4
3x(x +4) —x(x - 1) =3+ A1) _ 55. y = gxt - gx
(x =1)(x + 4) B 8
2
—x° + 4x + 12 <0 /
(x =1)(x + 4) -2 / 12
el -s
x = 1)(x+
(@ y20when -2 < x £0o0r2 £ x < oo,
Key numbers: x = 4, x = -2, x =Lx =6
6 ) (b) ¥y <6 when x < 4.
Test intervals: (—co, —4) = “(x -0 +2)
(x = 1)(x +4) 56. y = x* — x> — 16x + 16
(4 2)3—(x—6)(x+2)>0 48
’ (x =1)(x + 4)
—(x = 6)(x + 2) [\
-2,]) = —-—F——=<0 -12 12
=21 (x - )(x + 4) [V
24
(16) = —(x = 6)(x +2)
(x = 1)(x + 4) (a) y <0 when —~ < x < —4orl < x <4,
(6M)3—(x—6)(x+2)<0 (b) » =36 when x = —20r5 < x < o,
’ (x —1)(x + 4)
3
Solution set: (—oo, —4) U [=2,1) U [6, ) 57. y = xz
X —
1 8
-3 = B
4 -2 0 2 4 6 &
-6 12
—4
(@) y <0 when 0 < x < 2.

(b) y 2 6 when 2 < x < 4.
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2(x - 2) 63. —0.5x% + 12.5x + 1.6 > 0
Key numbers: x = —0.13,x = 25.13

J Test intervals: (—oo, —0.13), (—0.13, 25.13), (25.13, oo)

Solution set: (—0.13, 25.13)

—15 15
-6 64. 1.2x> + 48x +3.1 <53
(@ y <0 when -1 < x < 2. 1.2x%* +48x -22<0
(b) y =8 when -2 < x < 1. Key numbers: x = —4.42, x = 0.42
52 Test intervals: (—oo, —4.42), (—4.42, 0.42), (0.42, oo)
X
YT s Solution set: (—4.42, 0.42)
14
1
65. — >34
23x =52
_15 | 15 1
— -34>0
g 23x —52
o1 wh - 1-34(23x -52) >0
< _
(@ y=21when x £ -2 or x = 2. 23y — 52
This can also be expressed as ‘x‘ > 2. —7.82x + 18.68 50
23x - 52

(b) y < 2 for all real numbers x.

Key numbers: x = 2.39,x = 2.26
This can also be expressed as —oo < x < oo, Y

Test intervals: (—oo, 2.26), (2.26, 2.39), (2.39, oo)

S5x
2 ia Solution set: (2.26, 2.39)
u (@ y=21whenl< x <4 P
66. — > 58
. ] (b) y £ 0 when 3.1x — 3.7
—o0 < x £ 0. 2 - 538(3.1x - 3.7)
>0
" 3.1x = 3.7
23.46 — 17.98x
— >0
3.1x = 3.7
L 03x2 + 626 < 10.8 Key numbers: x = 1.19, x = 1.30
2 —
0.3x" + 454 <0 Test intervals: (—eo,1.19) = 23.46 - 17.98x <0
Key numbers: x = +3.89 3.dx =37
23.46 — 17.98x
Test intervals: (—co, —3.89), (~3.89, 3.89), (3.89, ) (1.19,130) = ———=—>0
i (= 23.46 — 17.
Solution set: (—3.89, 3.89) (130, ) = 3.46 — 17.98x <0
3.1x - 3.7
. -13x? +3.78 > 212 Solution set: (1.19, 1.30)

—-1.3x% +1.66 > 0
Key numbers: x = £1.13

Test intervals: (—ee, —1.13), (—1.13,1.13), (1.13, o)

Solution set: (—1.13,1.13)
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67. s = =16t + vyt + 5, = —16t> + 160z

(a) —16¢% + 160¢
—16¢(¢ — 10)
t=0,¢t=10

It will be back on the ground in 10 seconds.
(b) —161% + 160t > 384

—16> + 160t — 384 > 0

~16(¢* = 10 + 24) > 0
£? —10t +24 <0
(t-4)(t-6)<0

Key numbers: 1 = 4,¢t = 6

Test intervals: (—eo, 4), (4, 6), (6, =)

Solution set: 4 seconds < ¢ < 6 seconds

68. 5 = —16> + vyt + s, = —16¢> + 128¢

(@) —16:2 +128t = 0
-16¢(r — 8) = 0
-6t =0=1r=0
t-8=0=1¢=38
It will be back on the ground in 8 seconds.
(b) —16¢% + 128¢ < 128
—16¢2 + 128t — 128 < 0
~16(* — 8¢ +8) < 0
-8 +8>0
Key numbers: ¢ = 4 — 2/2,1 = 4 + 2/2

Test intervals:

(~e= 4 - 22). (4 - 2v/2.4 + 242),
(4 + 2\/—, °<>)

Solution set: 0 seconds < ¢ < 4 — 2\/5 seconds
and
4 + 2\/5 seconds < ¢ < 8 seconds

69.

70.

Equations, Inequalities, and Mathematical Modeling

R = x(75 - 0.0005x) and C = 30x + 250,000

P=R-C
(75x = 0.0005x?) — (30x + 250,000)
-0.0005x> + 45x — 250,000

P > 750,000
~0.0005x> + 45x — 250,000 > 750,000

~0.0005x% + 45x — 1,000,000 > 0

vV

Key numbers: x = 40,000, x = 50,000
(These were obtained by using the Quadratic Formula.)

Test intervals:

(0, 40,000), (40,000, 50,000), (50,000, <)
The solution set is [40,000, 50,000] or
40,000 < x < 50,000. The price per unit is

p = R = 75 — 0.0005x.
X

For x = 40,000, p = $55.For x = 50,000,
p = $50. So, for 40,000 < x < 50,000,
$50.00 < p < $55.00.

R

x(50 — 0.0002x) and C = 12x + 150,000

P

R-C
(50x — 0.0002x%) — (12x + 150,000)
—0.0002x> + 38x — 150,000
P > 1,650,000
-0.0002x% + 38x — 150,000 = 1,650,000
—0.0002x% + 38x — 1,800,000 > 0
Key numbers: x = 90,000 and x = 100,000

Test intervals:
(O, 90,000), (90,000, 100,000), (100,000, oo)

The solution set is [90,000, 100,000] or

90,000 < x < 100,000. The price per unit is
p= R_ 50 — 0.0002x.

X
For x = 90,000, p = $32. For x = 100,000,
p = $30. So, for 90,000 < x < 100,000,
$30 < p < $32.
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71.

72.

73.

4-x"20
2+x)2-x)20
Key numbers: x = 2

Test intervals: (—eo, —2) = 4 — x> < 0
(-2,2) = 4-x">0
(2,00) = 4 - x> <0

Domain: [— 2, 2]

The domain of ~/x* — 9 can be found by solving the
inequality:

¥ =920
(x+3)(x-3)=20
Key numbers: x = -3, x =3
Test intervals: (—eo, =3) = (x + 3)(x = 3) > 0
(-3,3) > (x+3)(x-3) <0
(3,0) = (x +3)(x —3) >0
Domain: (—ee, =3] U [3, o)
¥ -9x+202=0
(x=4)(x-5)20
Key numbers: x = 4,x = 5

Test intervals: (—oo, 4), (4, 5), (5, =)

Interval x-Value Value of Conclusion
(x - 4)(x - 5)

(—oo, 4) 0 (-4)(-=5) = 20  Positive

(4,5) 3 (%)(—%) = -+ Negative

(5, =) 6 2)1) =2 Positive

Domain: (—eo, 4] U [5, o)

Section 1.8 Other Types of Inequalities
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74. The domain of ~/49 — x* can be found by solving the

75.

76.

inequality:

49 — x* >

x? - 49 <
(x+7)(x=7) <
Key numbers: x = -7, x

=7

Test intervals: (—eo, —=7) = (x + 7)(x = 7) > 0
(-7,7)=>(x+7)(x-7)<0
(7,00) > (x+T)(x-7) >0

Domain: [-7, 7]
_r 5
x? —2x - 35

X s
(x +5)(x=7)

Key numbers: x = 0,x = -5, x = 7
Test intervals: (—eo, —5) = R S—
( ) (x + 5)(x - 7)
X
-5,0) = >0
( ) (x + 5)(x - 7)
X
0,7) = <0
(0.7) (x +5)(x = 7)
x
7, 00 >0
(7.) = (x+35)(x-7)
Domain: (=5, 0] U (7, )
X
>0
x2 -9
¥ s
(x +3)(x - 3)
Key numbers: x = =3,x = 0,x =3
Test intervals: (—eo, —3) = m <0
X
-3,0) ————— >0
( ) (x + 3)(x - 3)
x
0,3) > —— <0
(0.3) (x +3)(x-3)
X
3,00 —— >0
G = 303

Domain: (=3, 0] U (3, <)
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77. (a) and (c)

51

N PR BT
48

(b) N = —0.001231r* + 0.04723¢> — 0.6452¢> + 3.783¢ + 41.21
The model fits the data well.

(d) Using the zoom and trace features, the number of students enrolled in elementary and secondary schools fell below 48
million in the year 2017.

(e) No. The model can be used to predict enrollments for years close to those in its domain, 5 < ¢ < 14, but when you project
too far into the future, the numbers predicted by the model decrease too rapidly to be considered reasonable.

78. (a) d 4 6 3 10 12 80. 2L +2W =440 => W =220 - L

Load | 2223.95593.9 | 10,312 | 16,378 | 23,792 Lw = 8000
L(220 — L) > 8000
—I? + 220L — 8000 > 0

% 25,000
Z; 20,000 By the Quadratic Formula we have:
§ 15,000 Key numbers: L = 110 £ 10/41
;é l:zzz Test: Is —[* + 220L — 8000 > 0?
S el Solution set: 110 — 105/41 < L < 110 + 10+/41
Depth of the beam 45.97 feet < L < 174.03 feet
1 1 1
(b) 2000 < 168.5d% — 472.1 81. R OR 3
2472.1 < 168.5d* 2R, = 2R + RR,
14.67 < d? 2R, = R(2 + R)
383 <d 2R
The minimum depth is 3.83 inches. 2+R
79. 2L +2W =100 = W =50 - L Because R 2 1,
LW = 500 2R, .
L(50 — L) = 500 2+ R
—I* + 50L — 500 > 0 2R, -
By the Quadratic Formula you have: 2+ R
Key numbers: L = 25 + 55 51 _Rz >
Test: Is —L* + 50L — 500 > 0? T o the only . )
Because R, > 0, the only key numberis R, = 2.
Solution set: 25 — 5v/5 < L <25+ 5V/5 The inequallity is satisﬁezll Whyen R =22 ohlms.
13.8 meters < L < 36.2 meters
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82. (a) ©

1l e - 14
40

(b) The model fits the data well; each data value is close to the graph of the model.
_ 4032 + 3.53¢
1+ 0.039
40.32 + 3.53¢
1 + 0.039¢
< 40.32 + 3.53 65
1 + 0.039¢
< —24.68 + 0.995¢
1+ 0.039¢

Key numbers: ¢ = —25.6 and ¢ = 24.8. Use the domain of the model to create test intervals.

() S

65 <

Test Intervals t-Value Expression Value Conclusion
(2,24.8) t=5 <0 Negative
(24.8, ) t =30 >0 Positive

So, the mean salary for classroom teachers will exceed $65,000 during the year 2024.

(d) Yes. The model yields a steady gradual increase in salaries for values of ¢ > 13.

83. False. 86. () x =a,x=0b
There are four test intervals. The test intervals are b)) * *
- - +
(=0, =3), (=3, 1), (1, 4), and (4, o). . B .
84. True. e 7 *
The y-values are greater than zero for all values of x. (c) The real zeros of the polynomial.
85. 10 For part (b), the y-values 87. x> +bx+9=0
\ / that are less than or equal to . ) S
B 0 0 occur only at x = 1. (a) To have at least one real solution, b — 4ac = 0.
b — 4(1)(9) 2 0
o b* -36 20

K bers: b = —6,b = 6
For part (c), there are no €Y nubers ’

\/"{ y-values that are less than 0. Test intervals: (—eo, —6) = b> =36 > 0

! (=6,6) = b — 36 < 0
(6,) = b* =36 >0
-10
10 For part (d), the y-values Solution set: (—eo, —6] U [6, =)
that are greater than 0 occur (b) b2 - 4ac > 0
10 b, 0 for all values of x except 2.

Key numbers: b = —2~/ac, b = 2~/ ac

Similar to part (a), if @ > O and ¢ > 0,

b < =2~Jacor b = 2</ac.
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88 x* +bx-4=0 90. 2x> +bx +5=0
(a) To have at least one real solution, % — 4ac > 0. (a) To have at least one real solution, 5*> — 4ac > 0.
b* — 4(1)(-4) 2 0 b* —4(2)(5) 2 0
b +16 20 b* —40 20
Key numbers: none Key numbers: b = —2@,17 = 2\/5

Test intervals: (—eo,00) = b* +16 > 0

Test intervals: (oo, =2/10) = b? = 40 > 0
Solution set: (—oo, oo
( ) (-24/10,24/10) = 52 - 40 < 0
(b) b* —dac 20
. . (210, ) = b* =40 > 0
Similar to part (a), if @ > 0 and ¢ < 0, b canbe
any real number. Solution set: (—oo, -2~/ 10} U [2\/1 , oo)
89. 3x> + bx +10 =0 (b) b* —4ac 2 0
(a) To have at least one real solution, 5> — 4ac > 0. Similar to part (a), if @ > 0 and ¢ > 0,
b - 4(3)(10) >0 b £ =2~Jac or b = 2~/ac.

b* —120 20
Key numbers: b = —2+/30,b = 2+/30

Test intervals: (—eo, —2+/30) = 5> =120 > 0
(~2+/30,24/30) = 5? - 120 < 0
(2/30,%0) = b —120 > 0
Solution set: (—oo, -2/30 ] U [2\/3— , oo)

(b) b*> —4dac 20
Similar to part (a), if @ > 0 and ¢ > 0,

b < =2~Jac or b > 2~/ ac.

Review Exercises for Chapter 1

1L y=-4x+1 2. y=x>+2x
x|=2|-1]l0]1 |2 x| =3|-=2|-1]01]1
y19 s [1|-3]|-7 y|[3 |0 |-1]0]3

3. x-intercepts: (1, 0), (5, 0)

y-intercept: (0, 5)
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4. x-intercepts: (—4, 0), (2, 0) 7. x =" -5

y-intercept: (0, —2) Intercepts: (—5,0), (0, + \/g)

Sy =347 -x = y* -5 = x = —y* + 5 = No y-axis symmetry
(2
Intercepts: (5’ 0)’ (0.7) X = (—yz) -5 = x = y* — 5 = x-axis symmetry
y =-3(-x)+7 = y = 3x + 7 = No y-axis = (—y)2 — 5= x=—)2+5 = Noorigin

symmetry

symmetry

-y =-3x+7 =y =3x — 7 = No x-axis
symmetry

-y =-3(-x)+7 = y = -3x — 7 = No origin

symmetry

8. y =3x°
x Intercepts: (0, 0)

y = 3(—x)3 = y = —3x’ = No y-axis symmetry

-y = 3x = y = -3x* = No x-axis symmetry
Intercept: (-8, 0), No y-intercept.

_ — _ 3 - 3 .
—x = -8 = x = 8 = No y-axis symmetry y =3(-x)’ = y = 3x’ = Original symmetry
x = —8 = x-axis symmetry

—-x = -8 = x = 8 = No origin symmetry
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9.y:—x4+6x2 ll.y:g
X
Intercept: (0, 0)
Intercept: None

4 2 :
= —(=x)" +6(-x)" = y = —x* + 6x* = y-axis
y ( ) ( ) y Y y = 3 =y = 3 = No y-axis symmetry
symmetry —X X
-y =-x*+6x> = y = x* — 6x* = No x-axis 3 3 .
-y = — = y = —— = No x-axis symmetry
symmetry X X

4 2
-y = —(—x) + 6(—x) = y=x"-6x* =No 3 =y = 3 = origin symmetry
X

—X

|
<
1]

origin symmetry

y
y

10 y = x* +x° -1 12.
Intercept: (0, —1) Intercepts: (+4, 0), (0, —4)
y = (—x)4 + (—x)3 1= y=x* - —1 = y-axis y = \—x\ -4=>y-= \x\ — 4 = y-axis symmetry
symmetry -y = ‘x‘ -4 =y= —‘x‘ + 4 = No x-axis symmetry
—y=x'+x-1=y=-x'-x+1=No -y =4 -4 =y =—] +4 = Noorigin
X-axis symmetry symmetry

3

—y=(—x)4+(—x)3—1:>y=x4—x -1 =No

origin symmetry

v

13. x* +3»° =9
Center: (0, 0)
Radius: 3
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15.

17.

18.

(x +2)° + > =16
(-2 -0 =
Center: (-2, 0)

Radius: 4

Endpoints of a diameter: (0, 0) and (4, —6)

Center: (0 * 4, O+2(_6)j =(2,-3)
Radius: 7 = /(2= 0 + (-3 -0 =/4+9 =13
Standard form: (x — 2)2 +(y- (—3))2 = (\/B)z

(x-27+(+3°=13

Endpoints of a diameter: (-2, —3) and (4, —10)
-2+4 -3+ (—10)}

Center: X =11, —E
2 2 2

Radius: r = \/(1 - (-2)) + (—9 - (_3)j2 I P
Standard form: (x — 1)* + [y - (_Dz -

2
(x—1)2+(y+§j &

Review Exercises for Chapter 1

16. x> + (y - 8)° = 8l

Center: (0, 8)

Radius: 9

147
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19. (a) s

Sales (in millions of dollars)

t
6 7 8 91011121314

Year (6 <> 2006)

(b) 27.215¢% — 409.06¢ + 1563.6 = 200
27.215¢% — 409.06¢ + 1363.6 = 0

—(~409.06) + \/(~409.06)" — 4(27.215)(1363.6)
2(27.215)

t

10.04, 4.99

Using the zoom and trace features, sales were $200 million during the year 2010.

20.F=%x,0£x£20 24. 5(x - 1) = 2x =3x -5
S5x -5-2x=3x-5
@7 olals [12]16]20 3y —5 =35
F|l0|5]10] 15|20 |25 0 = 0 Identity
All real numbers are solutions.
(b) '
0T 25. 8x — 5 =3x+ 20
277 5x = 25
2 20
g 151 x=15
27 26. 7x +3 = 3x — 17
s
L 4x = =20
4’1 é 1'2 ]’6 2’0 2’4
Length (in inches) x =-5

27. 2(x+5)—7=x+9

2x+10-7=x+9

21. 2(x - 2) =2x— 4 2x +3=x+9
2x —4 =2x -4 x=6

0 = 0 Identity

(c) When x =10, F = 3 = 12.5 pounds.

28. 1(x—4)=1-(x+9)
All real numbers are solutions. 7x — 28

=1-x-9
22. 2(x +3) = 2x - 2 Tx — 28 = —x — 8
2x +6 =2x -2 8x = 20
6 = —2 Contradiction X = %
No solution
29 I-o3=24
23. 3(x = 2) + 2x = 2(x + 3) 5 3
3x-6+2x=2x+6 15(1_3j:[1+1)15
3x = 12 > 3
3x —45=5x+15
x =4
—2x = 60
Conditional equation o
x = =30
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. B3, T P
6 4 x -5 x -5
2(4x - 3) + 3x = 12x — 24 (x-5)+2 2
8x — 6 +3x = 12x — 24 x-5 x-=5
—x = —18 3x—15+2: 2x
=18 x -5 x -5
3x =13 2x
x -5 x -5
3x — 13 2x
-5 = -5
(=5)"—F =509
3x =13 = 2x
x =13
1 B 3 4
32. X +3x-18 x+6 x-3
1 B 3(x - 3) 4(x + 6)
(x +6)(x —3) (x+6)(x—3)_(x+6)(x—3)
3(x -3 4 6
(x + 6)(x - 3) ! SR ) B R G ) B
(x+6)(x—-3) (x+6)(x—23) (x +6)(x —3)
1-3(x —3) =4x+6)
1-3x+9 =4x+24
-7x = 14
x ==2
3.y =3x-1 36. vy =4(7x+1) y=4(7x+1)
x-intercept: 0=3x—1:>x=% 0 =4(7x + 1) y=4[7(0)+1}
y-intercept:y=3(0)—1:>y=—1 0= 28x+4 y=4
—4 = 28x
The x-intercept is (%, O) and the y-intercept is (0, —1). _ % .

34. y=-5x+6 y=-5x+6
=-5x+6 =-5(0) + 6
-6 = —5x =6
6 _
g—x

6

The x-intercept is (g,

35. y =2(x — 4)
x-intercept: 0 = 2(x —4) = x = 4

y-intercept: y = 2(0 — 4) > y = -8

0) and the y-intercept is (0, 6).

The x-intercept is (4, 0) and the y-intercept is (0, —8).

The x-intercept is (—%, 0) and the y-intercept is (0, 4).

1 2
37. y = —x + —
7 2 3
. 1 2 2/3 4
x-intercept: 0 = —x + — = x = — = —
3 1/2 3
1 2 2
-intercept: y = —(0) + — = y = —
¥ pty = —{0)+ 3=y =3

The x-intercept is [g, Oj and the y-intercept is (0, %j

38 y=qx-f y=ivog
0=3x-7 »y=30-3
$i=t =
Loy

3» 0) and the y-intercept is (0, —i).

The x-intercept is ( 7]

10)
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2 _ 160
39. 24492 = 2(3.14)(3) + 2(3.14)(3)h 40. C = %F -5
24492 = 56.52 + 18.84h %F =C + %
188.40 = 18.84%
-9 160
10 = A F = S(C T )

The height is 10 inches.
©helgtis JHingles For C = 100°, F = (100 + 160} = 212°F.

41. Verbal Model: Revenue in 2013 + Revenue in 2014 = Total Revenue
Labels: Let x = Revenue in 2014. Then x = 0.452x = Revenue in 2013.
Equation: x + (x + 0.452x) = 3.75
2.452x = 3.75
x = 1.53
x + 0452x = 222

So, Revenue was $2.22 billion in 2013 and was $1.53 billion in 2014.

le ori
42. Model: (Original price) = M
(1 — discount rate)
Labels: Original price = x
Discount rate = 0.2

Sale price = 340

340
1-02
x = 425

Equation: X =

The original price was $425.

43. Letx = the total investment required.
Each person’s share is g If three more people invest, each person’s share is % + 2500.

Since this is $2500 less than the original cost, we have:

X=X 42500
9 12
222500
9 12
8x — 6x — 2500
72
2X _ 5500
72
x = 90,000

The total investment to start the business is $90,000.
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44,

45.

46.

47.

48.

Review Exercises for Chapter 1

Rate Time Distance
To work r & 56
r
Fromwork | » + 8 26 56
r+38
Time = distance
rate

Time to work = time from work + 10 minutes
56 _ 56

r r+8

6(r + 8)(56) = 6r(56) + r(r + 8)
336r + 2688 = 336r + r* + 8r
0 =72+ 8 — 2688

0 = (r — 48)(r + 56)

1 . .
+ — Convert minutes to portion of an hour.

Using the positive value for 7, we have r = 48 miles per hour. The average speed on the trip home was
r + 8 = 56 miles per hour.

Let x = the number of liters of pure antifreeze.

30% of (10 — x) + 100% of x = 50% of 10

0.30(10 - x) + 1.00x = 0.50(10)
3-030x+1.00x =5
0.70x = 2
x = 2 = 20 = 2.857 liters
0.70 7
Model: (Interest from 4%%) + (Interest from 5%%) = (total interest)
Labels: Amount invested at 4%% = x, amount invested at 5%% = 6000 — x

Interest from 4%% = x(0.045)(1), interest from 5%% = (6000 — x)(0.055)(1), total interest = $3.05

Equation: 0.045x + 0.055(6000 — x) = 305
0.045x + 330 — 0.055x = 305

-0.01x = =25
x = 2500

The amount invested at 4%% was $2500 and the amount invested at 5%% was 6000 — 2500 = $3500.

Vzlﬂ'rzh 49. 15+ x-2x2 =0

> 0=2¢—x—15
3V = h

" 0= (2x + 5)(x - 3)
oy, s
P 2x+5=0:>x=—5

| x—-3=0=>x=3
E = —-m*

2
mv- = 2F
o 2E

2

151
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50.

51.

52.

53.

54.

5S.

56.

Chapter 1 Equations, Inequalities, and Mathematical Modeling

2x2 —x—-28=0
(2x+ 7)(x-4) = 0

2x+7=0=x=-

YN

x—4=0=>x=4

6 = 3x?
2 = x?
+2 = x
16x% = 25
16x2 =25 =0
(4x = 5)(4x +5) = 0
4x - 5=0= x = %
4x+5=0=x=-3
(x +13)" =25
x+ 13 =%5
x=-13+5
x = —18orx = -8
(x-5) =30
x -5 =+/30
x =5+/30
X2 +12x + 250 = 0
—12 £ /12% - 4(1)(25)
x =
2(1)
12+ 24/11
2
= -6+ /11
9x* — 12x = 14
9x? —12x - 14 =0
rE: \/(—12)2 — 4(9)(-14)
T 20)
121842
18
= % +2

57.

58.

59.

60.

61.

62.

63.

64.

-2x* = 5x+27 =0
2x* +5x—27 =0
-5+ /5% - 4(2)(-27)
2(2)

-5+ /241
4

20 -3x+3x> =0

M = 500x(20 — x)

(a)500x(20 — x) = 0 whenx = 0 feet and x

(b) 55,000

0

(c) The bending moment is greatest when x

(@) h(r) = —16¢> + 30t + 5.8

(b) h(l) = =16 -1 + 30 - 1 + 5.8 = 19.8 feet

(c) —16¢% + 30t + 5.8 = 6.2
—16t* + 30t — 04 - 0

-30 + /30* - 4(-16)(-0.4)

~
Il

2(-16)
-30 + </874.4
-32
1.86157 or 0.01343

i

20 feet.

10 feet.

The ball will hit the ground in about 1.86 seconds.

44 /-9 =4+3i

3+./-16 =3+ 4

i+ 3i=-1+3i

—5i+i? =-1-5i
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65. (6 —4i)+ (-9 +i) = (6+(-9) + (-4 +i)=-3-3i

66.(7 —2i)—(3-8i)=(7T-3)+(-2i+8)=4+6i

67. —3i(-2 + 5i) = 6i — 15i° 74 T 7i
~ 6i - 15(-1) (3+2,')2 9 + 12i + 442
=15+ 6i - 7i
9 +12i + 4(-1)
68. (4 +i)(3 — 10i) = 12 — 40i + 3i — 10> 7
=12 - 37i - 10(-1) 5+ 12i
=22 -37i _ T 512
5+12i 512
69. (1+ 7i)(1 - 7i) = 1 — 49 350 — 84°
=1 - 49(-1) 25 — 1444*
=1+ 49 351 — 84(-1)
_ 5o 25 + 144
84 +35i
70. (5 - 9i)° = 25 — 90i + 812 169
, _ 8, 35,
= 25 - 90i + 81(~1) 6 " 169
= 25— 81 - 90i
= ~56 — 90i s, 4,2 4 243 2 -
2-3i 140 2-3i 243 1+i 1-i
4 4 1+2i 8+12i  2-2i
71. = . = +
-2 1-2i 1+2i 4+9  1+1
4+ 8i 8 12,
- =—+—i+1-i
1 — 4 1313
4+ 8i (8 j [12, j
= =|—=+1|+|—=i—i
5 13 13
_4.8 a1
505 13 13
65  6-5 -i 1+ 4i) =502 +i
7 —— = — 26 L __5 _ 1+ 4) -5(2+4)
i i —1 2+ 1+ 4 (2 + )1+ 4)
_ —6i + 522 1+4i-10-5
—? 2+ 81+ i+ 4i°
=-5-6i _ 9-i (-=2-9)
~2+9i (-2-9i)
3+2i  3+2 5-i
B T 5+ 5-; 18+ 8li + 2i + 9
- -2
15— 30+ 10i - 212 4-8um
25 — 2 _o+8% 9 83
17 + 7i 85 85 85
" 26
1.7
26 26
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77. X2 -2x+10=0 81. 5x* —12x° =0
b+ D - dac F(5x -12) = 0
2a X =0o0r5x-12=0
(-2 £ (-2 - 4m(0) f=0or  x=12
B 2(1)
82. 4x3 —6x2 =0
2+ . /-36
- 2 x*(4x - 6) = 0
:Zi6i X2 =0=>x=0
2 4x-6=0=x=3
=1%3i
78. x>+ 6x +34 =0 83, X —7x2+4x-28=0
b+ /b — dae FPx-7)+4x-7)=0
= 2a (x—7)(x2+4):0
_—6.£4/(6)" - 4(1)(34) x-7=0=>x=7
2(1) X +4=0=x>=-4
=6 £ /-100 x =+ /-4 =2
- 2
_ =6+ 10i 84, 9x* +27x* —4x* - 12x =0
S22 9x°(x +3) —4x(x +3) = 0
=-3+5
S (x +3)(9x" —4x) = 0
79. 4x* +4x+7 =0 (x + 3)(x)(9x% — 4) = 0
_—bi\/b2—4ac x+3=0=x=-3
2a x=0
_ 4@ - 4@ 0 —4=0= x =2
2(4)
-4+ . /-96 8s. X -7 -8=0
= —— iy )
4+4\/g‘ (xg) —7(x3)—8—0
=_Tl W —Tu—-8=0
1 \/g (u—8)(u+1)=0
=t u—8=0
X -8=0
80. 6x> +3x+27=0
o (x=2)(x* +2x+4) =0
— 2_
x:bi— "21)4‘10 X—-2=0= x=2
a
3+ 3 a0 A2 +4=0=x=-1%+-/3i
= - 2(6) u+1=0
P +1=0
—3+ /=639 *
= 12 (x+l)(x2—x+l)=0
_—3i3i\/71__1+x/7ll_ x+1=0=x=-1
12 47 4
xz—x+1:0:>x:%i§i
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86. xt—13x* 48 =0 87. V2x+3+x-2=2
(x) - 13(x?) 48 = 0 (\/2x+3)2=(2—\/m)2
Letu = x’. x+3=4-4Sx-2+x-2
u?> —13u — 48 = 0 x+1=—-4/x-2
o
U+3=0=u=-3 ¥+ 2x+1=16(x —2)
u=16 u=-3 x> —14x+33=0
P =16 2 =-3 (x =3)(x - 11) =0

x =24 x =£V3i
x = 3, extraneous or x = 11, extranecous

No solution

88. sx—Jx-1=6
5¢x =6 +Jx -1
25x =36 +12/x =1+ x -1

24x - 35 = 12+/x — 1
576x> — 1680x + 1225 = 144(x - 1)
576x% — 1824x + 1369 = 0

—(-1824) £ \/ (-1824)" - 4(576)(1369) 1824 + /172,800 _ 1824 + 240/3

X =
2(576) 1152 1152
Lo 38453
24
38 - 53
x = ———, extraneous
24
23
89. (x-1)" —25=0 oL .3
(x—1)2/3=25 X x + 2
5(x +2) = 1(x)(x + 2) + 3x
2
(x—1) =25 5x +10 = x> + 2x + 3x
x -1 =1£~/25 10 = x2
x =1=x125 +J/10 = x
x =126 orx = —124
6 8
34 > -
90. (x +2)"" =27 2. x+x+5 3
_ 54/3
¥ +2=27 x(x + 5)E + x(x + 5)L = 3x(x + )
x +2 =8l X x+5
¥ =79 6(x + 5) + 8x = 3x(x + 5)

14x + 30 = 3x% + 15x
0 =3x2+x-30
0 = (3x + 10)(x — 3)

O=3x+103x=—?

0=x-3=>x=3
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93. |x - 5|=10 95. |x* — 3| = 2x
x—=5=-10orx -5 =10 ) )
x> =3=2x or x* =3 =-2x
x=-5 x =15 ) )
x*=2x-3=0 x> +2x-3=0
94. |2x +3|=7 (x=3)x+1)=0 (x+3)(x-1)=0
= =1 = =1
|2x + 3= Tor2x + 3 = -7 x=3 or oy =3 x
2x =4 2x = -10 The only solutions of the original equation are x = 3 or
x =2 x=-5 x = 1. (x = 3andx = —1 are extraneous.)

96. \x2 —6\: x

xP—-6=x or —(x2—6)=x
X2 -x-6=0 X +x-6=0
(x=3)(x+2)=0 (x+3)(x-2)=0
x=-3=0=>x=3 x-2=0=>x=2
x +2 =0 = x = -2, extraneous x +3 =0 = x = -3, extraneous

97. 29.95 = 42 — </0.001x + 2 99. Interval: (-7, 2]
—12.05 = —~/0.001x + 2 Inequality: =7 < x < 2
~/0.001x + 2 =12.05 The interval is bounded.
0.001x + 2 = 145.2025
100. Interval: (4, o)
0.001x = 143.2025
¥ = 143,2025 Inequality: 4 < x
~ 143,203 units The interval is unbounded.
98. (a) 60,000 101. Interval: (—°°, —10]
Inequality: x < —10
. The interval is unbounded.
ol
35,000

The model fits the data well.

(b) Using trace and zoom features, there was an average
01 50,000,000 daily newspapers in 2007.

(¢) 50,000 = 56,146 — 314,980
—6146 = —314.98072
6146

- A2
314.980
% =19.5123
t = 19.5123%
t =724 = 2007
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102. Interval: [-2, 2] 109. 125.33x > 92x + 1200
33.33x > 1200

x > 36 units

Inequality: =2 < x < 2

The interval is bounded. .
So, the smallest value of x for which the product returns

103, 3(x +2) +7 < 2x = 5 a profit is 37 units.
3 + + X . . . .
3x+6+7<2x-5 0 19 18 17 16 110. If the side is 19.3 cm, then with the possible error of
3x+13<2x -5 0.5 cm we have:
x < —18 18.8 < side < 19.8
(—e0 —18) 353.44 cm? < area < 392.04 cm?
2 _ 6y — -3 9
104. 2(x +7) — 4 > 5(x — 3) I 27 = 6x =27 <0 + Yo
2x +10 2 5x - 15 (r+3)(x = 9) <0 G e
_3x > -25 Key numbers: x = -3,x =9
25
25 3 1 i [—o0, — — [
x <3 _ _J: . Test intervals: (—oo, =3), (=3, 9), (9, =)
(_oo’ %J 67 8 9w Test: Is (x + 3)(x — 9) < 0?
By testing an x-value in each test interval in the
105. 4(5 - 2x) < (8 - x) 2 inequality, we see that the solution set is (-3, 9).
20-8x<4-1 S e 1. e
. : ’ 112. X2 -2x23 > 1 0 o1 o2 3 o4
—TXS—16 x2_2x_3>
32
X295 (x=3)(x+1)>0
[%’ oo) Key numbers: x = —1,x = 3
Test intervals: (—eo, —1), (=1, 3), (3, e°)
106. (3 - x) > (2 - 3x) -3
—t . Test: Is (x = 3)(x + 1) = 0?
9—-3x >4 - 6x 4 o _ ) ) )
I > _5 By testing an x-value in each test interval in the
o inequality, we see that the solution set is
> (o -] U 3, )
5
3 113. 5¢ —45x < 0
2
107. |x + 6| < 5 Sx(x* = 9) <0
S<x+6<5 5x(x +3)(x = 3) <0
-1l <x < -1 -1 - Key numbers: x = +3,x = 0
% y Bt
(=11, -1) S22 2100 -8 -6 -4 20 Test intervals: (—oo, =3), (=3, 0), (0, 3), (3, )
108. 23 — x| > 4 Test: Is 5x(x + 3)(x — 3) < 0?
‘3 - x‘ > 6 By testing an x-value in each test interval in the
3 x<—6 of 3I—x>6 inequality, the solution set is (—eo, —=3) U (0, 3).
B B y L y .
-x <-9 or -x 23 SS432-1 0123 45
x29 or x <=3
x <=3 or x=9
(=g obe) 3 b
-6-4-2 0 2 4 6 8 1012
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158 Chapter 1 Equations, Inequalities, and Mathematical Modeling

v
[}

114. 2x3 — 5x* — 3x
x(2x2 - 5x — 3) >

(=]

x(2x+1)(x -3) 20
Key numbers: x = 0 — 1,3
Test intervals: (—oo, —%), (—%, 0), (0,3), (3, )

Test: Is x(2x + 1)(x — 3) = 0?

By testing an x-value in each test interval in the inequality, the solution set is [—%, OJ U [3, o).

S SR
t 3
-3-2-1 01 23 45 67
115. 2S3 P
x +1 x —1 —6-5-4-3-2-1 0 1 2
2(x—1)—3(x+1)£0
(x+)(x-1)
2x—2—3x—3<0
(x +)(x - 1)
MSO
(x +1)(x = 1)
Key numbers: x = -5, x = -Lx =1

Test intervals: (-5, —1), (-1, 1), (L, =)

—(x + 5)

G-

Test: Is
By testing an x-value in each test interval in the inequality, we see that the solution set is [-5, —1) U (1, o).

x -5

3-—x

116. <0 ————
3 5

Key numbers: x = 5,x =3
Test intervals: (—eo, 3), (3, 5), (5, )

XS o
—X

Test: Is

By testing an x-value in each test interval in the inequality, we see that the solution set is (—oe, 3) U (5, o).

117. 5000(1 + r)* > 5500 s, » _ 1000(1 + 31)
L+ > 11 S+t¢
> 1.

(t+r) 1000(1 + 31)
1+ 7 > 1.0488 2000 € —- ==
r > 00488 2000(5 + ) < 1000(1 + 3¢)
r> 49% 10,000 + 2000¢ < 1000 + 3000¢

—~1000¢ < ~9000

¢t =2 9 days

At least 9 days are required.
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119. False.

T - (VIF)VE) -

(9)(-2) = /36 = 6

J36i% = -6

120. False. The equation has no real solution.

The solutions are

717 , /331

650~ 650

Problem Solving for Chapter 1

1. N

Distance (in feet)

Time (in seconds)

x

2.(a) 1+2+3+4+5=15

1+2+34+4+5+6+7+8 =236
1+2+34+4+5+6+7+8+9+10=255

() 1+2+3+ - +n=1nn+1)

2

When n = 5: 1(5)(6) = 15

When n = 8: 1(8)(9) = 36

2

When 7 = 10: 3(10)(11) = 55

(c) Tn(n +1) = 210
n(n +1) = 420
n* +n—420=0

(n + 21)(n - 20)
n=-2lorn =20

0

Since 7 is a natural number, choose ” = 20-

3.(a) 4 = mab
a+b=20= b =20 - a,thus:
A= 7m(20 - a)
®) a | 4 7 10 13 16
A | 64r 91z 1007 91x 64r

121.

122.

Problem Solving for Chapter 1 159

Rational equations, equations involving radicals, and
absolute value equations, may have “solutions” that are
extraneous. So checking solutions, in the original
equations, is crucial to eliminate these extraneous values.

[—00, —?—ﬂ or [2, o). Sample answer: The first

equivalent inequality written is incorrect. It should be
11x + 4 < —26. This leads to the solution

(c) 300 = 7a(20 — a)
300 = 20za — wa?
7a* — 207a + 300 = 0

207 + \/(—2071')2 — 47(300)

‘" 2r
207 + /40072 — 12007
2w
207 + 20/ 7(w - 3)
2
=10+ % (r - 3)
a =12.12 or a = 7.88
@ o
0 20

0

(e) The a-intercepts occur at ¢ = 0 and @ = 20. Both
yield an area of 0. When @ = 0,5 = 20 and you
have a vertical line of length 40. Likewise when
a = 20,b = 0 and you have a horizontal line of
length 40. They represent the minimum and
maximum values of a.

(f) The maximum value of 4 is 1007 = 314.159. This
occurs when a = b = 10 and the ellipse is actually
a circle.
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160 Chapter 1 Equations, Inequalities, and Mathematical Modeling

4. y=x4—x3—6x2+4x+8=(x—2)2(x+l)(x+2)

10

LN

v

5
From the graph you see that x* — x* — 6x> + 4x + 8 > 0 on the intervals (=0, —2) U (=1, 2) U (2, o).

5. P = 0.00256s>
(a) 0.00256s% = 20
s? = 78125

88.4 miles per hour

n

N

(b) 0.00256s2 = 40
52 = 15625

s = 125 miles per hour

No, actually it can survive wind blowing at /2 times the speed found in part (a).

(¢) The wind speed in the formula is squared, so a small increase in wind speed could have
potentially serious effects on a building.

2
2

6. h=[ /ho—zﬂcj\/gt)
W

1 =60",w=30"hy,=25,d =2"

h:F_MﬁJ:F_MﬁJ

1800 225

2
(a) m5=[5—”%]

Ji25 = 5 - B3,

2
(mo_(duj—”Jaj
25

225125
NE)

(c) The speed at which the water drains decreases as the amount of the water in the bathtub decreases.

=~ 146.2 seconds

7. (@) Ifx* +9 = (x + m)(x + n) then
mn =9andm +n = 0.
®) m+n=0=n=-m
m-m)=9=-m>=9=m"=-9

2

There is no integer m such that m? equals a negative number. x> + 9 cannot be factored over the integers.

© 2018 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



10.

4x =2x + k

2x—4/x +k =0 Complete the square.

x—2\/;
x = 2/x +1 %
(ﬁ—l)zzl—ﬁ

2

Il
—_
|

Problem Solving for Chapter 1

Number of solutions (real)

Some k-values

2 -1,0,1
1 2 only
0 3,4,5

. . . . k
This equation will have two solutions when 1 — 5 > 0 orwhen k£ < 2.

. . . . k
This equation will have one solution when 1 — 5 = 0 orwhen k£ = 2.

This equation will have no solutions when 1 — % < 0 orwhen k > 2.

. (a) 5,12,and 13;8,15,and 17

7, 24, and 25

(b) 5-12 -13 = 780 which is divisible by 3, 4, and 5.
8 - 15 - 17 = 2040 which is divisible by 3, 4, and 5.
7 - 24 - 25 = 4200 which is also divisible by 3, 4, and 5.

(c) Conjecture: If a*> + b* = ¢ where a, b, and ¢ are positive integers, then abc is divisible by 60.

Equation Xy, Xy X+ X X - X,
(a) ¥ -x-6=0
(x + 2)(x - 3) =0 -2,3 1 -6
2
(b) 2x°+5x-3=0
(2x = 1)(x +3) =0 33 -3 -3
2
(C) 4x -9 =0
(2x +3)2x-3) =0 -2.3 0 -3
(d) x> -10x+34=0
¥ =543 5+43i,5-3i 10 34

161
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162 Chapter 1 Equations, Inequalities, and Mathematical Modeling

1. @) S —b + /b —4dac N —b —+/b? —4dac 13. (a) z, = 1

2a 2a z
2 _ 1 _ 1 1—1i
= I+i 1+i 1-4
1-i 1 1
:—é = l:7_7i
P 2 2 2
1
) P- —b + /b? —4ac | —b —</b* —4ac () z, =;
2a 2a 1 1 3+
_ — (b® —4ac) 3-7 3-i 3+
B 44 3+ 3.1
4ac 10 10 10
4a> 1
=£ (C) Zm_;
a _ 1
248

12. (a) (i)

5+5\fz 12 _ 1 -2-3i
2 +8 -2-8i
2 -8 1 2.

(ii)(s_s\/—l 125 T T e 3417

14. (a + bi)(a — bi) = a* — abi + abi — b** = a* + b*

3
3+3\/_z

27

(b) (1)

Since a and b are real numbers, a®> + b? is also a real
number.

A 3
(i) [—3 — 33

2

-1+ /3
2

(c) (i) The cube roots of 1 are: 1,

(i1) The cube roots of 8 are: 2, -1 * J3i

(iii) The cube roots of 64 are: 4, -2 = 2-/3i

15. (@) c =1
The terms are: i, —1 + i, —i,—1 + i,—i,—1 + i,—i, -1 + i, —i,...
The sequence is bounded so ¢ = i is in the Mandelbrot Set.
b)) ¢c=-2
The terms are: 1 + i,1 + 3i,—7 + 7i,1 — 97i,—9407 — 19314, ...
The sequence is unbounded so ¢ = 1 + i is not in the Mandelbrot Set.
() ¢c=-2
The terms are: —2,2,2,2,2, ...

The sequence is bounded so ¢ = —2 is in the Mandelbrot Set.
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Practice Test for Chapter 1

1

N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

. Graph 3x — 5y = 15.
. Graph y = /9 — x.

. Solve 5x + 4 = 7x — 8.

CSolve X —5 =241
3 5

. Solve (x - 3)2 +4 = (x + 1)2.
. Solve 4 = (a + b)h fora.

. 301 is what percent of 4300?

Practice Test for Chapter 1

. Cindy has $6.05 in quarter and nickels. How many of each coin does she have if there are 53 coins in all?

in each if the yearly interest is $1582.50?

Solve x* — 10x® + 24x = 0 by factoring.
Solve /6 — x = 4.
Solve (x2 - 8)2/5 = 4.
Solve x* —x* =12 = 0.
Solve 4 — 3x > 16.
Solve =3 < 5.
Solve * 1 < 5.
x—3

Solve [3x — 4] > 9.

Solve 28 + 5x — 3x*> = 0 by factoring.

Solve (x — 2)2 = 24 by taking the square root of both sides.

Solve x* — 4x — 9 = 0 by completing the square.
Solve x* + 5x —1 = 0 by the Quadratic Formula.

Solve 3x? — 2x + 4 = 0 by the Quadratic Formula.

Find two consecutive even positive integers whose product is 624.

Ed has $15,000 invested in two fund paying 9%% and 11% simple interest, respectively. How much is invested

The perimeter of a rectangle is 1100 feet. Find the dimensions so that the enclosed area will be 60,000 square feet.

163
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