CHAPTER 2

Solving Equations and I nequalities

Section 2.1 Linear Equationsand Problem Solving
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3
4.
5

equation
ax+b=0
extraneous
formulas

The equation X+1=3 isaconditional equation.

To clear the equation §+1:% of fractions, multiply

both sides of the equation by the least common
denominator of all the fractions, whichis 4.
S _4_ 5
2x X
5 4 2

@ S

2(-12) (-¥2)

3=3
x=—% isasolution.

(b)

—§¢3
8
X =4 isnot asolution.
5
C [——
(0 2(0)
X =0 isnot asolution.

5 4 2
@ Sa 7a"

-6%#3

x=2 isnot asolution.

% is undefined.
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@ x=-2

-2 6(-2) 219

2 7 14

~14-24 219

14 14

-38 219

14 14

X=—2 isnot asolution.
(b) x=1

1,6(1)219
2 7 14
19 19
14 14
x=1isasolution.
1
(© X_E
V2 6(42) 219
2 7 14
7/2+6 219
14 14
19 19
% 14

1. .
X:E is not a solution.

(d x=7
7,80 _19
2 7 14
Z+6:E
2 14
19219
2 14
X =7isnot asolution.
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X+4 +3-4
6
@ \V-3+4 +3_24
6
Y.y
6
x=-3 isnot asolution.
b YOr4 .32,
6
E;ae4
x=0 isnot asolution.
© V2144 o2,
6
§:f&4
6
X =21isnot asolution.
@ Y2432,
6
4=4
X =32 isasolution.
3 —
10 YX=8 _ 4
3
@ x=4
Ya-87 |
3
34
-1
3
X = 4isnot asolution.
(b) x=0
3 _ ?
0-8 Y
3
3 _8 ?
-1
3
2.
3
X = Oisnot asolution.
() x=-19
3/ — ?
J-19-8 7
3
3/_ ?
27 7
3
=S_
3

X = —19isasolution.
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11

12.

13.

14.

15.

16.

17.

18.

(d x=16
3/16 - 8 A
3
3 ?
NEI
3
C
3

X = 16isnot asolution.

2(x—1)=2x—2isanidentity by the Distributive
Property. It istrue for all real values of x.

-5(x—1)=-5(x+1) isacontradiction. There are no

real values of x for which it istrue.
—-5x+5=-5x-5
5#-5

(x+3)(x=5)=x*-2(x+7) isacontradiction. There
are no real values of x for which it istrue.
x? —2x-15=x*-2x-14

~15%-14

X% —8x+5=(x—4)" ~11 isan identity since
(x—4)2—11= x> —8x+16—-11= x> —8x+5. Itistrue
for all real values of x.

(x + 6)° = (x + 8)(x + 2)isaconditional. There are

real values of x for which the equation is not true (for
example, x = 0).

(x + I)(x = 5) = (x + 3)(x — 1) isaconditional. There

are real values of x for which the equation is not true (for
example, X = 0).

1 4x . .
+—— =% isconditional. There are real values of x
Xx+1 X+

for which the equation is not true (for example, x=0).

E+§=24 is conditional. There are real values of x for
X X

which the equation is not true (for example, x=1).
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19, Method 1: %-ﬂ

3
9x—32x
24
—-23x=96
__ %
)

Method 2: Graph yl—%—% andy, =

=4

4 inthe same

viewing window. These lines intersect at

X=-4,1739 = —%
23’

3z z

8 10
A3_1)_
8 10
z[£j=6
80

20. Method 1:

6(80
,-8(80) _240 ) 0160
22 11
Method 2: Graph yl——X—E andy, =6 inthesame
viewing window. The linesintersect at
X = 218182~@
11
21. Method 1: §+5x—£
5 3
2x+25x _ 4
5 3
27x:§
3
_ 20 20
3(27) 81

Method 2: Graph y1:2—;+5x andy, :ginthesame

viewing window. These lines intersect at

X= 02469~§.
81

22. Method 1: ﬂ—2y=E
3 5

4y-6y 16
3

_2y =

o o1& ol

o2
5

4x 16 .
Method 2: Graph yl———2x andyz—g in the same
viewing window. These lines intersect at

x——48——E
=
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23.

24,

25.

26.

27.

28.

29.

30.

3X—-5=2x+7
3X—2x=7+5
x=12

5x+3=6-2x
5x+2x=6-3
7x=3
x=2
7
3(y-5)=3+5y
3y-15=3+5y
-18=2y
y=-9

4z-3)+3z2=1+82
4z -12+ 32 =1+ 82
7z-12 =1+ 82
-z=13
z =-13

ox—-4 2
5x+4 3
3(5x—4)=2(5x+4)
15x-12=10x+8
5x =20
X=4

10x+3 1

5x+6 5
20X+ 6=5x+6

15x=0
x=0
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31 E(Z — 4) E — 42 36 i.ﬂri: 4
5 10 x—2 x+3 X +x-6
2 8 3z 1 3 4
7z 8 4z (x+3)+3(x-2)=4
10 5 X+3+3x—6=4
8_38, 4x—3=4
5 10 Ax=7
16 7
4 =
33 X=2
1 2
32, 3+1(x—2)=10 37. —+——=0
2 4 X X-=5
3x 1 1(x-5)+2x=0
4)| — [+(4)=(x—-2)=(4)10
@] 2 @52 =) A
6x+(x—2)=40 3x=5
7x-2=40 x=2
Tx=42 3
x=6 B 3242
z+2
33. MJrﬂ:loo 1= 2
y y z+2
17+ 32+ -
()=, + ()=, F =100(y) zr2=2
y y z=0
17+y+32+ y=100y
49+ 2y =100y 39. 2 _ 1 + 2
49=98y (x-4)(x-2) x-4 x-2
1 2 1 2
== —4)(x-2 = —4)(x-2
2 y (x=4)(x ){(x—4) x—ZJ [x—4+x—2}(x J(x-2)
x-11  x-9 2=1(x-2)+2(x-4)
B — =2 2=x-2+2x-8
x-11 X -9+ 2x 12=3x
X - X 4=x
x—11 3x-9 Inthe original equation, X = 4 yields adenominator of 0.
< x So, X=4 isan extraneous solution, and the original
Xx—11=3x—9 equation has no solution.
-2 =2x 10, 2 +§: 1
“1=x X(x-2) x x-2
2 5 1
1 1 10 x(x—2){—+—}= —}x(x—z)
% x—3 x+3 X-9 X(x=2) x| [x-2
(x+3)+(x-3) 10 2+5(x-2)=x
x*-9 x2-9 2+5x-10=x
2x=10 4x=8
X=5 X=2

In the original equation, X = 2 yields a denominator of O.
So, X=2isan extraneous solution, and the original
equation has no solution.
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41.

42.

45.

46.

3 4 1
+ —=
x(x-3) x x-3
3+4(x-3)=x
3+4x-12=x
3x=9
X=3

In the original equation, X = 3 yields a denominator of 0.

So, X =3is an extraneous solution, and the original
equation has no solution.

6 2 3(x+5)

X X+3 X(x+3)

~

x(x+3)§—x(x+3)i3: X(x+3) 3((X+2
X X+ X(x+

~

6(x+3)—2x=3(x+5)
6x+18-2x=3x+15
4x+18=3x+15
X=-3
Inthe original equation, X =—3yieldsadenominator of 0.

Thus, X = —3isan extraneous solution, and the origina
equation has no solution.

Azlbh
2

2A=bh

2 p
b

1
A== b)h
(a+b)
2A=ah+bh

2A—ah=bh

2A—ah:b

nt
r
1+
n
—nt
r
P=Al1+—
n

A=P+Prt
A-P=Prt
A-P
r=

Pt

47.

49.

50.

51.

52.

V =7zr’h
\Y
h=—_
a2
\Y; =17zr2h
3
3V =zr’h
3V
ar?
Female: y = 0.386x — 19.20

For y = 43,
43 = 0.386x —19.20
62.2 = 0.386x
161.14 = x.

The height of the femaleis about 161.14 centimeters.

Made y = 0.442x — 29.37

48 = 0.442(175) — 29.37
48 ~ 47.98

Y es, the estimated height of a male with a 48-centimeter
thigh boneis about 175 centimeters.

@

() 1=15w
P=2l+2w=2(15w)+2w="5w

() 25=5w=>w=5mand|=(15)(5)=75m
Dimensions; 7.5mx5m

@

(b) h=2w
P=2h+2w=2(2w)+2w=2w+2w=2w
(0 P=3=Lw=w=2=09mand

h=2(0.9)=06m
Dimensions; 0.6 mx0.9m
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test 1+ test2 + test 3 + test 4

53. (d) Test Average =

4
test 1+ test2 + test 3 + test 4
(b) Test Average = 2
90 = 93 +91+ 84+ X
4
90 = 268 + X
4
360 = 268 + x
92 = X

You must earn at least 92 points on the fourth test to
earn an A inthe course.

54. Sdles. Monday, $150

Tuesday, $125
Wednesday, $75
Thursday, $180

Friday, $x

- 150+125+75+180+ X

Average:
« 5

=150

530+ x ~150

530+ x =750
x =$220

55. Model: distance=(rate)(time)
The salesperson drove 50 km in a half hour, therefore the
0km _ 40 kM,
1/2 hr hr
Since the salesperson continues at the same rate

to travel atotal distance of 250 km, the time
distance 250 km

rate 100 km/hr

rateis

required is =2.5hours.

56. Model: distance=(rate)(time)
Total distance=(rate #1)(time #1) + (rate #2)(time #2)

336= (SSHJt + (52ﬂ](6—t)
hr hr
336 = 56t + 312 52t
24 =6t
4=t

The salesperson traveled for 4 hours at 58 mph and then 2
hours at 52 mph.

57. Model: (Distance) = (rate)(time, +time,)
Labels: Distance=2-200= 400 miles, rate=r,
distance 200

e1:

timi =—— hours,
rate, 55
. distance 200
time, = =—— hours
rate, 40
Equation: 400=r 200 +@
55 40
400=r 1600 N 2200 ) _ 3800r
440 440 440
436=r

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

_ Distance _ 50 kilometers
Time < hours
Total distance 300 kilometers

Rate " 100 kilometers’hour
=3 hours

58. Rate =100 kilometers/hour

Tota time=

59. Let x=height of the pinetree.
x 36
20 24
24x =720
x =30 feet
The pine tree is approximately 30 feet tall.

60. (@ f

«—— 30 ft —>+—
5ft

(height of pole)

(b) Modd: -
(height of pole's shadow)

_ (height of person)

" hei ght of person's shadow
Labels: height of pole=h,

height of pole's shadow

=30+5=35feet,

height of person = 6 feet,

height of person's shadow =5 feet

Equation: h = s
35 5

h=S.35- 4
5
The poleis 42 feet tall.
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144 Chapter 2 Solving,Equations and | nequalities

61. | = Prt 66. Let x=amount invested in 8x10 frames, and
200 = 8000r(2) y =amount invested in 5x 7 frames.
200 = 16,000r X+Yy=4500=y=4500-x
o 200 0.25x +0.22y = 0.24(4500) = 1080
~ 16,000 0.25x +0.22( 4500 — x) = 1080
r = 0.0125, or 1.25% 0.03x=90
x = 3000
= in4o
62 Let x=amountin 43% fund. So, $3000 i invested in8x 10 frames and
Then 12,000 - x = amount in 5% fund. $4500 - $3000 = $1500 i invested in 5x 7 frames
560 = 0.045x + 0.05(12,000 - X)
67. A=
560 = 0.045+ 600 — 0.05x - A=Sbh
0.005x =40 2A  2(182.25)
X:8000 h:T:—]_SS :27 ft

You must invest $8000 in the 419% fund and

12,000 — 8000 = $4000 in the 5% fund. 68. Let x=length of side of squarel,and

y = length of side of squarel.
63. Model: Total pounds at $5.25 = pounds at 4x=20=Xx=5
$2.50 + poundsat $8.00 4y=32=y=8

L = . .
abels: x = pounds of peanuts at $2.50 Hence, square |11 has side of length5+8 =13.
100 — x = pounds of walnuts at $8.00 Area=13? =169 square inches

Equation: 100(5.25) = x(2.50) + (100 — x)(8.00)

69. (a)
525 = 2.5x + 800 — 8x h
275 = 55x
50 = x !
The mixture contains 50 pounds at $2.50 and (B 1=3w,h= (13w

100 — 50 = 50 pounds at $8.00.

64. Initialy, the forester has 2 gallons of gasand 2w? =2304
Z gallons of ail. w? =512
ngi:z w=8 inches
3 33 Dimensions: 24x8x12 inches

64/33 3

2/33 70, V=2l
Suppose she adds x gallons of gas. 3
64/33+x _ 40 gnﬁ = 6255

%33 1 3 _ 18,765
which gives x=1% gallon. U T

65. Model: Total profit = profit on notebooks + profit r =3 18,765 _ 11.43cm
on tablet 4
Labels:

X = amount invested in notebook computers
40,000 — x = amount invested in tablet computers

Equation: (0.24)(40,000) = 0.20x + 0.25(40,000 — x)
9600 = 0.2x + 10,000 — 0.25x
—400 = -0.05x

8000 = x
So, $8000 isinvested in notebook computers and
$40,000 — $8000 = $32,000, invested in tablet

computers.
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71. Solve the temperature for C. 73. Let x=thewind speed, then the rate to
F gc .3 the city =600+ X, therate from the city =600 - x, the
5 distance to the city = 1500 kilometers, the distance
F_32- 90 trgveledsofar inthereturq
trip = 1500 — 300 = 1200 kilometers.

JF-m)=c Time = Di%ance
9 Rate

5 1500 1200
F=73:C= 5(73— 32) = C = 22.8° 600+X_ 600 — X

5 1500(600— x) = 1200(600+ x)
F=74:C = §(74 -32) = C =233

900,000 —1500x = 720,000 + 1200x

180,000 = 2700
F=76:C= §(76 -32) = C = 244 ’ X
9 200
5 El
F=78:C= 5(78 -32) => C = 256° 200
c Wind speed: = km/h
F=82:C = 5(82 -32)=>C=21®
5 74. Let h=height of the building in feet.
F=79:C-= §(79 -32)=> C =261
F=74:C= 2(74 -32) = C =233
Jh
30+ / ,
O xl 2 ;]l“‘
2 2l 1~— 80 ft —>1 3in
g 24: Not drawn to scale
e 27 hfeet 4 feet
e S 80feet 3.5 feet
CEEREELERE 80 35
Time 3.5h=320
72. Solve the temperature for C. h =914 feet
F :§C+32 75.  Wx=W,(L-X)
° 50x = 75(10 - X)
F-82=:C 50x = 750 — 75X
5 125x =750
§(F -32)=C X = 6 feet from the 50-pound child
C = 2(74.3 -32 76.  Wx=W,(L-x)
5 W, =200 pounds
C= 5(42-3) W, =550 pounds
C = 235° L =5 feet

200x = 550(5- X)
200x = 2750 - 550x
750x = 2750

x =2 feet
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77. False. x(3-x)=10 isaquadratic equation. 87. y =5-4x
—x*+3x=10 or x*—3x+10=0 \
78. False. :
Volume of cube= (9.5)3 =857.375 cubic inches ;
1
Volume of sphere=4£7(5.9)° ~860.29 cubic inches i wan ey e e e
-2
79. Youneed a(-3)+b=c(-3) orb=(c-a)(-3)=3(a-c). —,é
Oneansweris a=2, c=1and b=3 (2x+3=x) and -
another is a=6,c=1, and b=15 (6x+15= x). a8, y=3x_5+2=§x—é+2=§x—l

80. Youneed a(0)+b=corb=c. So, acanbeany rea

number except 0. One answer is a=1and
b=c=4:x+4=4.

81. You need a[%j+ b=c ora+4b=4c. One answer is

a=2and b=1. So, 2+4[%)=4=4c:c=1.

The equationis 2x+%:1.

82. Youneed a(-2.5)+b=c. Oneanswer is
a=-landb=2. So, -1(-25)+2=45=c.

Theequationis —x+2=4.5. 2
83. Intheorigina equation, X =1yields a denominator of = "272 2 afo s w0
zero. So, X =1is an extraneous solution and therefore -4
cannot be a solution to the equation. -6
84. (a) h
Height of building _ Height of pole 1,
Length of building'sshadow  Length of pole's shadow 0. y=4- 3"
X 4 ¥
by —=—
(b) -3

6 3 4

8. (x=3)(x-1) TX-3 x-1

To clear thisequation of fractions, find the least common
denominator (LCD) of al termsin the equation and multiply
every term by thisLCD. It is possible to introduce an
extraneous solution because you are multiplying by a
variable. To determine whether a solution is extraneous,
substitute the answer for the varigble in the origind equation y

91.

or graph the origina equation. 31
86. B5X+2c=12+4x-2C, Xx=2 14
5(2)+2c=12+4(2)-2c 98765 321 L
ol
10+2c=20-2c N~
4c=10 1
c=3 =]
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92.

y=|x-2+10

— ———t—>x
-10-8-6-4-2 | 2 4 6 8 10
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Section 2.2 Solving Equations Graphically

=

10.

x-intercept, y-intercept

zero

The x-interceptsof y= f(x) are (-1, 0) and (1, 0).
They-intercept of y=g(x)is (0,-1).

The zeros of the function f are x=-1and x=1.

The solutions of the equation f(x)=g(x) are

x=—% andx=1.

y=x-5
Let y=0: 0=x-5=(5,0) x-intercept
Let x=0: y=0-5=y=-5=(0, —5) y-intercept

y=-3x-3
Lety=0:
0=-2x-3=32x=-3= x=-4= (-4, 0) x-intercept

Letx=0:
y=—2(0)-3=-3=(0, —3) y-intercept

y=x*+2x+2

Let y=0: x*+ 2x+2=0= no x-intercepts
Let x=0:

y=(0)2+2(0)+2=2:>(0, 2) y-intercept

y=4-x

Let y=0:

0=4-X =x=2, -2=(2 0), (-2 0) x-intercepts
Let x=0:

y=4-0°=4=(0, 4) y-intercept

11

12.

y=xx72

Let y=0:

0=xJX+2 = x=0, -2=(0, 0), (-2, 0) x-intercepts
Let x=0:

y=0@=0:(o, 0) y-intercept
y=—§xﬁ+1

Let y=0:

O:—%xﬁ+l:%xﬁ+l: XJx+3=2
=X (x+3)=4=x*+3x*-4=0
:(x—l)(xz+4x+4)=0:>(x—1)(x+2)2=O
= x=1=(1 0) (x=-2isimpossible)

Let x=0=y=1=(0, 1) y-intercept

13 y=4x—8
X
Lety =0:
0:4x—8
X
0=4x-8
8 = 4x

14.

2 = x = (2, 0) x-intercept
Let x = O:

40)

-8
y = 0 isimpossible. No y-intercepts
3x-1
4x
Let y=0:
0=3x-1=x=1=(%,0) x-intercept

Let x=0: 0=-1 isimpossible. No y-intercepts
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15. xy-2y—-x+1=0
Let y=0:
0=-x+1=0=>x=1=>(1, 0) Xx-intercept
Let x=0:
-2y+1=0=y=%=(0, 1) y-intercept

2
16. xy —x+ 4y =3
Let y = 0t
x(0) — x + 4(0) = 3
-X =3
x = =3 = (-3, 0) x-intercept

Let x = 0O:
Oy -(0)+4y=3
4y =3
3 3) .
= — = | 0,—| y-intercept
y 2 [‘Jy cep

-16

x-intercept: 3(x - 2) -5=0

3xX-6-5=0
X =11
x:l—lj[l—l,oj
3 3
y-intercept: y = 30— 2) - 5
y=-6-5

y = 11 = (0,-11)

18.  y=4(x+3)-2

14

T 10

—2
x-intercept: 0=4(x+3)-2
0=4x+10
4x=-10
k-3 (-2
y-intercept: y=4(0+3) -2
y=10= (0, 10)
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19.

20.

21.

22.

y=20—-(3x-10)

40

L

Y 40

-10

x-intercept:  0=20—(3x—10)
0=20-3x+10
0=30-3x
3x=30
x=10= (10, 0)

y-intercept: y = 20—[ 3(0) - 10]
y=30= (0, 30)

y=10+2(x—-2)

12

}j. 12

-4

x-intercept:  0=10+2(x-2)
0=10+2x-4
0=6+2x

—2x=6
x=-3=(-3,0)

y-intercept: y=10+2(0-2)

y=6=(0, 6)

f(x)=3(x-5)+9
3x-15+9=0
3x=6 4

X=2 /
-4




23. f(x) = x> —6x* +5x
x> —6x>+5x=0
X(x* ~6x+5)=0
x(x-5)(x-1)=0

x=0,51
2
-2 \/j 6
-15
24. f(x)=x*—9x* +18x

x®—-9x?+18x=0
X(x-3)(x-6)=0
x=0, 3,6

25. f(x) =

2 7
7(x+1)-2(x-2)+14=0
IX+7-2x+4+14=0

5x+25=0
bx = -25
X =-5
9
-15 ‘-"’”'Jf—-gg
,-"'ff
it vat
-7
26. f(x):x—3—E
X
x—3—£=o
X
x*—-3x-10=0
(x=5)(x+2)=0
x=5 -2

4

L
/1 /
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27. 2.7x-04x=1.2

2.3x=1.2
X= E = E =~ 0.522
23 23
f(x)=27x-0.4x-1.2=0
2.3x-1.2=0
X=0.522
28. 3.6x — 8.2 = 0.5x
31x =82
_82_8®
31 31
f(x) =36x-82-05x=0
31x-82=0
82
X = —
31

29. 12(x + 2) = 15(x — 4) - 3
12x + 24 = 15x — 60 — 3

-3x = -87
X =29
f(x) =12(x +2) —15(x —4) +3 =10

-3x + 87 =

X =

30. 1200=300+2(x—500)
900=2x-1000
1900 = 2x
x=950
f (x) =300+ 2(x—500)-1200=0
300+ 2x—-1000-1200=0

2x—-1900=0
x=950
31 %+1(x+2):10
2 4
%4__:10_1
4
7x_19
4 2
_38
7
3 1
f =—+—(Xx+2)-10=0
(%)= 2+ 5(x+2)
§x+1x+1—10=0
2 4
Zx_gzo
4 2
7x—38=0
_38
7
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32 Z+>(x-5)=6

X=Ez7.286
7

f (x)=§x+%(x—5)—6=0
4x+3(x-5)-36=0
4x+3x-15-36=0
7x-51=0

X=7.286

33. 0.60x+0.40(100-x) =12
0.60x+40-0.40x=1.2
0.20x=-38.8
x=-194
f (x) =0.60x+0.40(100- x)-1.2=0
0.60x+40—-0.40x-1.2=0
0.20x+38.8=0
x=-194

34, 0.75x + 0.2(80 — x) = 39
0.75x + 16 — 02X — 39 = 0
0.55x +12.1 = 0

55x = -1210
X =-22
f(x) = 0.75x + 0.2(80 - x) -39 =0
055x +121 =0
55x +1210 = 0
X =-22
35, x—3:3x—5
3 2
2(x-3)=3(3x-5)
2Xx—-6=9x-15
9=7x
x=gzl.286
7
f(x)=X23 5,

3 2
2(x-3)-3(3x-5)=0
2X-6-9x+15=0
—7x+9=0
7x-9=0
x=1.286
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36. x;szx;S
25 12
12(x—-3)=25(x-5)
12x—36 =25x-125
13x =89
X :§ ~ 6.846
13
F(x)=X3_X5_g
25 12
12(x—3)— 25(x—5) =0
12x—-36—25x+125=0
-13x+89=0
13x-89=0
X ~ 6.846
37. X;5+5
4 2
(x—5)+2x=40
3x=45
x=15

=10

f(x)=2"24X_10=0
4 2
X—5+2x-40=0
3Xx—45=0
x=15
s X=5_x-3_
10 5
(x—5)-2(x-3)=10
X—-5-2x+6=10

—-X=9
x=-9
Xx-5 x-3
fx)="g 5 °

Xx-5-2(x-3)-10=0
X—5-2x+6-10=0
-x-9=0
X+9=0

x=-9

39. (x+2)2:x2—6x+1
X2 +4x+4=x>-6x+1
10x=-3

x=-2=-03

f(x)=(x+ 2)2—x2+6x—1=0

X2 +4x+4— x> +6x-1=0

10x+3=0

x=-0.3
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40. (x+1)2+2(x—2):(x+1)(x—2) 46. 4x°+12x* —26x-24=0
X2+ 2X+142X—4=x2—x—2 X=-4.206, —0.735,1.941
5x=1 60
x=1=02 /\ /
f(x)=(x+1)2+2(x—2)—(x+1)(x—2)=0 -6 4
x2+2x+1+2x—4—(x2—x—2):0 / "-/

X2 +4x-3-x2+x+2=0

5X—1:0 47 X5 = 3X3 - 3
x=0.2 xX*-3%+3=0
41. xX*+x+4=0 x =~ —1.861
x = -1.379 -
, [\
S N
[
-2
-6 || 6
B 48 X =3+2x°
42, 2 +x+4=0 XT—3-2x3=0
X =-1.128 X ~1.638
8 2
-6 | 6
-12 / 12 {\\J
-8 -6
43, 1(x*-10x+17)=0 49, 2 _
X+2
X=2.172, 7.828 2
-3=0
7 X+2
/ X~-1.333
= -8 Il']‘\\ 4
I-\-‘—\—\_
44. -1(x*-6x+6)=0 _\
X =1.268, 4.732 -6
3
50. 1
-5 i 10 X=3
\ 1 +2=0
x—3
— x=25
6
45. 2x°-x?-18x+9=0
x=-3.0, 0.5.3.0 L
30 -4 H‘\\ 8

L -2
Y

-20
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51 5_4, 32 56. |[4x+1+2=8
X X+ |4x+1-6=0
S.133 ¢
" <12 x=-175 125
x=-3.162, 3.162 4
. A
-6 ' Do 6 \
- =
mr
57. X-=2=3
52. §+1= 3 x-2-3=0
X X+2 11
X=
E.ﬂ,.]__i: 5
X x-1
x=-1.303, 2.303 1 )
2
-5
4 5
58. Xx—-4=8
- x—4-8=0
5. —|x+1=-3 x=68
-[x+1+3=0 6
X =-42 0 7L 100
6
_10 8 -10
— 59. 2-/x+5=1
54, -|x-2|=-6 1-x+5=0
Ix-2[+6=0 x=-4
X =-4,8 :
8 RN s
"'\—\.\_\_\_\_\_
-7 1 -2
-4 60. 8-/x+9=6
2-Ux+9=0
55. [3x-2|-1=4 X = _5
|3x-2|-5=0 s
x=-1.0, 2.333
-10 5
2 e
. ZEL -

7

-6
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61. (a) X -1 0 1 2 3 4

32x-58 | 9| 58| 26|06 |38 | 70

Because of the sign change, 1< x<2.
(b) X 15| 16 17

3.2x-5.8|-1|-0.68 | -0.36

X 18 | 19 |20

3.2x-5.8|-0.04 | 0.28 | 0.6

Because of the sign change, 1.8< x<1.9. To improve accuracy, evaluate the expression for valuesin thisinterval and

determine where the sign changes.
Let y, =3.2x—5.8. Thegraph of y, crossesthe x-axisat x=1.8125.

2

5 / 10

-8

62. 0.3(x-18) -1=0

X 2 3 4 5 6 7 8

03(x-18) -1 -094 | -064 | -034 | -0.04 | 0.26 | 0.56 | 0.86

Because of thesign change, 5 < X < 6.
X 5.0 51 5.2 53 54

03(x-18 -1 | -0.04 | -0.01 | 0.02 | 0.05 | 0.08

Because of the sign change, 5.1 < X < 5.2. Toimprove accuracy, evaluate the expression in thisinterval, and determine
where the sign changes. Let y, = 0.3(x — 1.8) — 1. Thegraph of y, crossesthe x-axisat x = 5.13.

4

-5 = 1o
]
-6
63. y=6-x 65. 2X+y=6=y=6-2X
y=3x-2 -X+y=0=y=xX
6-x=3x-2 6—2x=X
8 = 4x 6=23x
X=2=>y=6-2=4 X=2=>y=x=2
(xy) =(24) (x y)=(2 2)
64. y=2x-3 66. Xx-y=-4=>x=y-4
y=9-x X+2y=5=x=-2y+5
2X—-3=9-Xx y—4=-2y+5
3)(:12 3y=9
X=4=>y=9-4=5 y=3=>x=3-4=-1
X, y) = (4,5
(xy) = (45) (% y)=(-1 3)
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67.

68.

69.

70.

71.

X-y=10= y=x-10
X+2y=4=y=—2X+2

X-10=-1x+2
2x—-20=-x+4
3x=24
X=8=y=8-10=-2
(xy)=(8 ~2)

4x-y=4=y=4x-4
X—4y=l=y=1x-%

4Xx—-4=4x—%
16x-16=x-1
15x=15
Xx=1=y=4x-4=0
(% y)=(% 0)

y=x"—x+1
y=X+2x+4
X2 —X+1=x2+2x+4
-3=3x
x=-1
y=(-1)"—(-1)+1=3
(xy)=(1 3

y=-x"+3x+1

y=-x"-2x-4

X2 +3x+1=—x*-2x-4

3X+1=-2x-4
5x=-5
Xx=-1
y=—(-1)"+3(-1)+1=-3
(xy)=(-1 -3)
y=9-2x
y=x-3
(x y)=(41)
y=9- 2x
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73. y=X
y=2x—x

(x¥)=(0.0), (1.9

74 y=4-%°
y=2x-1
(x,y)=(1.449, 1.898),
(~3.449, —7.899)

(1.449,1.898) 5|Y=2x—1

75 X*-y=3=y=x*-3
2X+y=5=>y=5-2x
(x, y) = (1.670, 1.660)




77. (d

(b)

78. (8

(b)

79. (a)
(b)

(©

1+0.73205 _1.73205

1-0.73205 0.26795
=~ 6.464079 ~ 6.46
1+0.73205  1.73205
1-0.73205 0.26795
173
S 0.27
=~ 6.407407 = 6.41
Y es, the more rounding performed, the less accurate
the result.

1+0.86603 _ 1.86603
1-0.86603 0.13397
~13.92871538 ~ 13.93
1+0.86603 _ 1.86603
1-0.86603 0.13397
187
013
~14.38461538 =~ 14.38
Y es, the more rounding performed, the less accurate
the result.

280—

(o x, (280-%)
63 54

Domain: 0<x<280

10

0 l——————————| 280
0

If the time was 4 hours and 45 minutes, then t =42
and Xx=164.5miles.
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80. (a)
(b)

(©

8l. (8

(b)

(©)
82. (8

(b)

©
83. (a)
(b)

(©

(d)

A=x+0.33(55-x)
Domain: 0<x<55

55

/

0

If the final mixture is 60% concentrate, then
A=0.6(55)=33and x=22.2 galons.

Divide into two regions. Then find the area of each
region and add.
Tota area=Areal+ Area2
A(X)=4-x+4-2x
=4x+8x
=12x

Area 2 2x

x Area 1

0

If the areais 180 square units, then x =15 units.

A=1bh

A(X)=2(x)(2x+1)=1x* +1x

240

ol 25

If the areais 180 square units, then X =22.5 units.

T=1+S=x+10,000-%x=10,000+ % x

If S=6600=10,000 -1 x = 1 x = 3400
= x=$6800

If T=13800=10,000+4x=>3800=1x
= x=$7600

If T=12,500=10,000+ % x then

x=5000..Thus,.S=10,000.= 1 x = $7500,
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84' y = 169t + 574Y 0 st< 12 86 (a) VTOTAL :VRECTANGULARSIDEWALL +VTRIANGULARSIDEWALL
(@ Let t = Oandfindy. =1-w-(pool width)+<-b-h-(pool width)
y = 16.9(0) + 574 = 574 :(4)(40)(20)+(%)(40)(5)(20)
The median weekly earnings of full-time workers =5200 cubic feet
was $574 in 2000. allons
b) Number of gallons = (5200 ft*)| 7.48 2
(b) Theslope mis 16.9. The median weekly earnings of (b) - Number of gallons ( )( ft® j
full-time workers increases by $16.90 every year. = 38,896 gallons
(c) Answerswill vary. (¢) The base of the pool passes through the points
(d) Answerswill vary. Sample answer: (0, 0) and (40, 5).
Algebraicaly: Let y = 800 and solvefor t. 5.0 1
m=———==—

Graphically: Using the zoom and trace features, find -0
twhen y = 800. 1
y—Ozg(x—O)
85. M = 434t + 5355, 1 <t < 13 1
W = 284t + 5398, 1<t < 13 y=g*
@ ° (d) For 0<d<5, by similar triangle, 9 = = b=8gd,

/ >
f o, V:%bd(20):%(8d)d(20):80d2, 0<d<s5.

15000 ........... 13 For 5<d<09,
The point of intersection is approximately V= 1(5)(40)(20) +(d-5)(40)(20)
(2.9, 5479.4). So, in 2002, both states had the same 2

= 2000+ 800d — 4000
=800d —-2000, 5<d<9.

population.
(b) 43.4t + 5355 = 28.4t + 5398

15t = 43 ©.5) “0,5)
t =29 ©.0)
d

The point of intersection is approximately
(2.9, 5479.4). So, in 2002, both states had the same

population. 00

(c) The slopes of the linear models represent the change
in population per year. Since the dlope of the model (e 4
for Maryland is greater than that of Wisconsin, the
population of Maryland is growing faster.

(d) Find t = 16.
M = 43.4(16) + 5355 = 6049.4
W = 28.4(16) + 5398 = 5852.4

5000 +

4000 +

3000 1

2000 +

1000 +

Volume (in cubic feet)

123456789

The population of Maryland will be 6,049,400 and the Depth (in feet)

population of Wisconsin will be 5,852,400.
Answers will vary. (f) | d 3 5 7 9

V | 720 | 2000 | 3600 | 5200

() V=4800: 800d - 2000 = 4800
800d = 6800
d=8.5 feet
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87.
88.

89.

90.

91.

True.
True. A line must intersect at least one axis.

X 99
x-1 100
100x =99x — 99
x=-99
The approximate answer —99.1 is not a good answer, even
though the substitution yields a small error.

(a) Fromthetable, f(x)=0 for x=3.

(b) Fromthetable, g(x)=0 for x=-2.

(c) Fromthetable, g(x)=—f(x) for x=1. Inthiscase,
f(x)=—6andg(x)=6.

(d) Fromthetable, f(x)=-6g(x). Inthiscase,
f(x)=—12andg(x)=2, for x=-1.

@ y=2x+2
Algebraically: Let y=0: 2x+2=0
2x=-1
x=-1

(-1, 0) x-intercept
Let x=0: y=2(0)+2
y=2
(0, 2) y-intercept
Numerically:

X -2|-1]0(|1]2

y=2X+2|-2| 01| 2| 4|6

The x-intercept is (-1, 0), They-interceptis (0, 2).
Graphically:

4

(b)

©
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f(x)=x"-1
Algebraically: x=-1andx=1 are zeros.
f(-1)=(-1)°-1=0
f(1)=(1)"-1=0
Numerically:
X -2 -1 0 1 2
y=x"-1 3 0 -1| 0 3
S0, the zerosare —1 and 1.
Graphically:
6
-6 \ / 6
-2
y=2x+2,y=x*-1
Algebraically: 2x+2=x*-1
x> -2x-3=0
(x=3)(x+1)=0
x-3=0 x+1=0
x=3 x=-1
Xx=3=y=2(3)+2=8
(3 8)
x=-1=y=2(-1)+2=0
(-1 0)
Numerically:
X -1 0 1 2 3
y=2X+2 0 2 4 6 8
y=x"-1 0 -1 0 3 8

The points of intersection are (-1, 0) and (3, 8).

Graphically:
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o 12 3_12/3_4/3 o 3 8-Jii_3(8-iI) 3(8-voi)
5/3 V3 53 5 8111 8-11  64-11 53
10 10 V14 + 2 3/10
93. = : 14 3/10+1 14( 10+1) 14
_ _ 95. : - =2(3/10+1
J4 -2 J14-2 J1a+2 o 3ol w1 89(3J_+)
1qVEZ+-4
= _ 2 _ _
(\/ﬁ)Z — @ 96. (x — 6)(3x — 5) = 3x* — 5x — 18x + 30
=3x2 - 23x + 30
10(~/14 + 2)
T 144 97. (3x+13)(4x-7)=12x*+31x-91
10(~/14 + 2
= O(\/1_0+) 98. (2x-9)(2x+9)=4x*-81
=2+/14 90. (4x+1)2:(4x+1)(4x+1):16x2+8x+1

Section 2.3 Complex Numbers

1L @ii (b)iii ()i 11. 4+ /-9 = 4+ /o

2. V-1, -1 =4+3

3. complex, a+ bi 12. 7-/-25 =7 -~25

4. To multiply two complex numbers, (a+bi)(c+di), the =7-9
FOIL Method can be used; 13. 12 =12 + Qi
(a+bi)(c+di)=ac+adi+bci + bdi? =12

=(ac—bd)+(ad +bc)i. 14. -3 = -3+ 0i

5. The additiveinverseof 2—4i is — 2+ 4i. =-3

6. The complex conjugate of 2—4i is 2+ 4i. 15, -8 —i2 = -8 - (-1)

7. a+bi=-9+4i =1-28
a=-9
b=4 16. 2i? — 6 = 2(-1 - 6i
=-2-6i

8. a+hi=12+5i

—12
2_5 17. (\/—16)2 +5= (\/Ei)2 +5
_ 2
9. (a—-1)+(b+3)i=5+8i j (4I)2 "o
a-1=5—a=6 Sl es
b+3=8=b=5 BRAN
-1
10. (a+6)+2bi=6-5i
2b=-5 18, -i - (s /—23)2 =—i- (\/ﬁi)2
b=-5
a+6=62 oo
- = i - 23-1)
=23
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19.

20.

21.

22.

23.

24.

29.

30.

31.

32.

33.

35.

36.

37.

-0.09 =+/0.09i = 0.3

25.
+/-0.0004 = 0.02i
(4+i)—-(7-21)=(4-7)+(1+2)i
=-3+3i
(11-2i)—(-3+6i) =(11+3)+(-2-6)i
=14-8i 2.
13i —(14-7i) =13 14+ 7i =—14+20i
22+(-5+8i)-9i =(22-5)+(8-9)i 27
=17-i
28.

(5 + \/—77) - (—12 + —48) = (5 + 3\/§i) - (—12 + 4\/§i)

=5+ 3/3i +12 - 4/3i
=17 + (343 - 4/3)i
=17 - /3i
(7+J—TS)+(3+JE)=(7+3ﬁi)+(3+4ﬁi) 38.
=(7+3)+(3\/§+4\/§)i
=10+ 74/2i
30.
-
=(2J§)( -1)=
V75710 = (45i)(Vioi) 0
=+/50i% = 52 (~1) =512 41,
(JT) =(J—|) =10i% =10 o
(ﬁ)zz(\/ﬁif:?sﬁz—?s
4(3+51) = 4(3) + 4(5)i
=12+ 20i 43.
-6(5-3)=(-6)(5) +(-6)(-3)
=-30+18
(1+1)(3-2i)=3-2i +3i - 2i°
=3+i+2 44.

=5+i
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B3hES393%)

=9+10+15+22i
6 6
19 37
ZE_’_?I
G
4 5 6 6 4 6 5 6
LA
12 30

(L6+3.2i)+(-58+4.3)=-42+75

~(-37-128))~(61-163) =37+128 ~6.1+163
=(37-61)+(128+163)i
=—24+29i

(6-2i)(2-31)=12-18 — 4i +6i°
=12-221 -6
=6-22i

4i(8+5i) = 32i +20i2

=32i +20(-1)
=-20+32i

~3i(6-i)=-18 -3=-3-18i

(\/ﬁ+\/ﬁi)(x/ﬂ—\/ﬁi) =14-10i2
=14+10=24
(V3 + 35555
- (\/5)(\/§) —/315i ++/3/15i —(x/Ei)(JEi)
=3-15°=3+15=18
(6+7i) =(6)"+2(6)(7i)+(7i)’
=36+ 84i + 49i°
=(36-49) + 84i
=-13+84i
(5-4i)"=(5)" —2(5)(4i) +(4i)’
= 25— 40 +16i2
= (25-16)-40i
=9 40i
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45, (4+5) —(4-5 55, 88616 _-6_ 4
=[(4+5i)+(4-5i)] [(4+5)~(4-5i)] L
:8(10i):80i 56. __5.i_:__5i:§i

2T 2 2

46. (1-2i) —(1+2i)" =14 +4i>  (1+4i +4i%)

5 _2 _ 2 445 _8+10i _8 10,
=1-4i + 4% -1-4i - 4i " 4-5 4-5 4+5 16+25 41 41
.
N . _ 58 3 1+i 3+3 343 3 3.
47. 6 + 2i isthe complex conjugate of 6 — 2i. 1S 1r 1o 2 273!
(6 — 2i)(6 + 2i) = 36 — 4i°
36+ 4= 40 59 3-i 3—-i 3-i
ST as © 340 3+i 3-i
48. 3 - 5i isthe complex conjugate of 3 + 5i. _9-6i+i?
. . i 9-i?
— — — 2
(3+5i)(3-5)=9-25 o-6i-1
=9+25=34 9+1
. . . 8 - Gi
49. -1 - /7iisthe complex conjugate of -1 + ~/7i. =0
(-1 + V7i)(-1- V7i) = 1- 72 _4_3
=1+7=28 > °
8-7i 1+2i 8+16i—7i—14i®
- ii j —4 — /3. 60. — = -
50. —4 + ~/3i isthe complex conjugate of —4 — /3i T o 1i2 4
(~4 - V/3i)(-4 + /3i) = 16 - 32 _22+9 _22 9,
5 5 5
=16+3=19
61 i _ i
51. /29 = </29i " (4-5)° 16-25-40
—~/29i isthe complex conjugate of ~/29i. _ i -9+ 40i
T -9-40i 9+ 40i
. N ooz
(—~/29i)(v/29i) = 29 409
=29 81+ 40°
_ __ 4 __9;
52. \/-10 = ~/10i 1681 1681
—+/10i isthe complex conjugate of ~/10i. 5i 5i —5-12i
62. = .
.\2 H H
(~+/10i)(~/10i) = ~10i” (2+3)° S+l -5-12
- 10 :—25i+60
25+144
53. 9 + ~/6i isthe complex conjugate of 9 — /6. _60_2,
169 169
(9 + /6i)(9 - \/6i) = 81— 6i2
2 3 2(1-i)-3(1+i)
=8l+6=87 63 = -2 AT AT
1+i 1-i (1+i)(1-i)
54. -8 — \/15i isthe complex conjugate of —8 + ~/15i. _ 2-2i-3-3i
1+1
) N Y
(-8 + \/15i)(-8 - /15i) = 64 - 15i 815
=64+15=79 2 2 2
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65.

66.

67.

68.

69.

70.

71.

72.

z—i.+i.= 2|(_2—|). . 5(.2+|). 7.
2+i 2-i (2+i)(2-1) (2+i)(2-1)
_ 4i—2i+10+5i
4-j?
12+9 12 9.
= =—+=i
5 5 5
i 2 3i+8%+6i—4i°
3-2i 3+8  (3-2)(3+8) a.
__ A+
9+18i +16
_ —4+9 25-18i
25+18i 25-18i
:—100+72i+225i+162
257 +18°
_ 62+297i
949
62 297,
“ 049 949
4i 3 _14i 4 3 440
i4-i 0 S A-i 4+
_—i+1_12+3i
T 1 16+1
S5 20
17 17
—6i%+i%2=-6i% +i2
= —6(-1)i +(-1)
=6i—
=-1+6i
4 —2i3 =—4+2i
(V=75) =(sva) =5°(va) i* 7.
=125(33) (i) 76.
=-375/3i
77.
(V-2) =(V2i) =8i° =gi‘i* = -8
T
P B 78.
PR 1
1 _1_1 8_ 8 _1

(2) 8° -8 8 64’ 8

Section 2.3 Complex Numbers 161

@ i®=(i*) =(1) =1
) i®=(i*) i=(1)"i=i
© i7=(")"1*=(1)" =" =i

@ i=(i*) i7=(1)"i?=i=-1
@

1_ 1 1
"2 T5+a 3-4

_(3-4i)+(5+2i)

(5+2|)(3—4i)

23—14|
 23-14i(8+2i
T 8-2i [mj
_ 212-66i
68
z,=16i+9
z, =20-10i
i1, 1__1 1
z z z, 9+16i 20-10i

(20-10i) +(9+16i)

" (9+16i)(20-10i)

=~3.118-0.971i

(b)

2946

340+ 230i

_ 340+230i ( 29-6i | 11,240+ 4630i
2946 [29—6ij_ 877
~12.816 +5.279i

False. A real number a+ Oi =a isequal to its conjugate.

False.

744 | 1150 i 74
[ o I |

-4 =1-1-i+i=1

False. For example, (1+2i)+(1-2i)=2, whichisnot an
imaginary number.

True. Let z =a +hj andz, =a, +b,i. Then
=(a+hi)(a +b,i)
=(a8,-hb,)+(ab, +ha,)i
=(ag, ~bb;) - (ab, +ba,)i
=(a-hi)(2, ~bj)
=a +hbi a,+hji
=4 2.
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162 Chapter 2 Solving,Equations and | nequalities

79. True Let z =a +bj andz, =a, +b,i. Then (b) Product of the binomials:
z+2,=(a,+bi)+(a,+b) (x+5)(2x—1) =2x* - x+10x -5
:(a1+az)+(bl+b2) =2x*+9x-5
~(a,+8,)~ (b +b))i Product of the complex numbers:
S\atrE (1+5i)(2-i) =21 +10i -
:(al_t.)ll) (32 ) =7+9i
=a,+hi+a,+b The product of the binomials results in a second-
=7+2,. degree trinomial. The product of the complex
numbersis a complex number because of the
80. (i) 2 = 2 + Qi isthepoint (2, 0) that matches D. property i2=1.
(ii) 2i = 0+ 2i isthe point (0, 2) that matches C. (© Answerswill vary.
(iii) —2 + iisthepoint (-2, 1) that matches A. 83. (4x—5)(4x+5)=16x" — 20X+ 20X — 25
(iv) 1 - 2iisthepoint (1, —2) that matches B. =16x"-25
3_ .3 2 2 3
81. Theerror isnot simplifying before multiplying. 84. (X+2) =X"+3X 2+3X(2) +2
The correct method is v—6+/—6 = /6i~/6i = 6i2 = —6. =x>+6x° +12x+8
82. Given the binomials: x+5 and 2x—1and the complex 85. (3x—1)(x+4)=3x*—Lx+12x-2
numbers: 1+ 5i and 2 — i =3 +28x-2
(@ Sum of the binomials:
(x+5)+(2x—1)=3x+4 86. (2x—5)" =4x? —20x+25

Sum of the complex numbers:
(1+5i)+(2-i)=3+4i

Answerswill vary.

Sample answer:

The coefficient of the x-terms of the binomials are
the same as the real part of the complex numbers.
The constant terms of the binomials are the same as
the coefficients of the imaginary part of the complex
numbers.

Section 2.4 Solving Quadratic Equations Algebraically

1. quadratic equation 7. %(sz _ 10) =12x
2. discriminant 3x® —10=60x
3. Four methods to solve a quadratic equation are: Standard form: 3x* —60x-10=0
factoring, extracting square roots, completing the square,
and using the Qualitative Formula. 8. X(x+2)=3x" +1
X2 +2x=3x*+1

4. Theheight of an object that isfalling is given by the
equation s=-16t*+ vt +5,, wheresisthe height, v, is
theinitial velocity, and s, istheinitial height. (-1)(-2%* +2x~1)=-1(0)

Standard form: 2x*> —2x+1=0

—2x*+2x-1=0

5. 2x*=3-5x

Standard form; 2x?+5x—-3=0 9. 15x2 +5x =0
6. X*=25x+26 (3 +1) =0
Standard form: x? - 25x— 26 =0 Sx=0=x=0
AX+1=0= x= —1
3
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10.

11.

12.

13.

14.

15.

16.

17.

Section 2.4 ~Solving Quadratic Equations Algebraically 163

9x*> - 21x = 0 18.

¥XBx-7)=0

AX=0= X

wl~N O

AX-7=0= X

x2 —10x+21=0
(x=7)(x-3 =0

X-7=0= X

1l
\l

XxX—-3=0= X

x*-10x+9=0
(x-9)(x-1)=0
X-9=0=x=9
x-1=0=x=1

x> — 8x + 16 =
(x -4

X — 4

X

Il I |
N O O O

22.

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

2x+3=0 23.

2x=-3

=_3
X= 2

3x?2 = 8- 2x
3 +2x-8=0
(Bx-4)(x+2) =0

24.

X-4=0= x=

wlh

|
N

X+2=0= x=

2%2 =19x + 33 25.

2x?-19x-33=0
(2x+3)(x-11)=0
2x+3=0=>x=-3%
x-11=0=x=11

26.

-x> —11x = 28
-x? -11x-28=0
x> +11x + 28 = 0
(x+4)(x+7)=0

X+4=0= x=-4

Il
|
\‘

X+7=0= X
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19.

20.

21.

-x* —11x = 30
-x*> -11x-30=0
x> +11x+30 =0
(x+5)(x+6)=0

X+5=0= Xx

o
| |
(23NN,

X+6=0= X

(x+a)2—b2=0
[(x+a)+b}[(x+a)—b}:0
X+a+b=0=x=-a-b
X+a-b=0=>x=-a+b
x*+2ax+a’ =0

(x+a)2=0
Xx+a=0
X=-a
x* =49
X=+49 =47
X2 =144
X=+/144 =412

3x% =81
X = £/27
X = +3/3 = £5.20
ox® = 36
4
X = +/4
X==x2

X2 +12 =112
x? =100

X = /100

X = £10

x> -3=178
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27. (x-12)°=16 35 X*-6x+2=0
2 —
X—12=+4/16 = +4 X% —6x =2
Xx=12+4 X —6x+F=-2+3
x=8, 16 (x-3)° =7
X—=3=%J7
28. (x-5) =25 V7
X—5=15 X=3i\/7
X=5%5 36. X +8x+14=0
x=0,10 X* +8x=-14
29. (3x-1)°+6=0 X2 +8x+4% =—14+16
. - = ,
(3x-1)" =6 (x+4) =2f
X+4=24+2
3x—1=+/-6 =+/6i
J6 x=-412
x=1138; 0334080 ,
3 3 37. X*-4x+13=0
2 x> —4x+4=-13+4
30. (2x+3) +25=0 X
X-2) =-9
(2x+3)2=—25 ( ) .
X—2=%3i
2X+3=+-25 = 45i 213

Xx=—3+3i=-150+2.50i
38. x*—6x+34=0

3L (><—7)Z=(x+3)2 X —6x+9=-34+9
X—7=+(x+3) (x-3)°=-25
X—7=+(x+3)= impossible X—3=15i
X-7=—(x+3)=2x=4 X=3+5i
x=2 3. XX +8x+32=0
32. (x+5)2:(x+4)2 X2+ 8x + (4)° = =32+ 16
(x+5)=%(x+4) (x + 47 = -16
X+5=Xx+4, not possible
X+ 4=1=x./-16
X+5=—(x+4) X+ 4==+4
2x=-9 X = —4 + 4i
X=—%=—4.50

40. x*+18x+117=0

2 _
3B X +4x=32 *% +18X +81=—117+81

X +4x+4=32+4

(x+2)2=36 (X+9)2:_3.6
X+ 9=16i
X+2=16 X=-96i
X=-2%6
X=-8 4 41. -6+2x-x'=0
, (¥ —2x+1)=-6+1
34, x"-2x-3=0
X2 —2x+1=3+1 (X_1)2:_5
(x-1)*=4 Xx-1=1J-5
X—1=+2 =+5i
x=1%+2 x =1+ /5i
x=-1.3
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42. —x2 +6x-16=0
X2 -6x+16=0
X2 —6x+ (3 = 16+ 9
(x-23?% = -7
x—3=i\/—77
X —3=+./7i
X = 3+/7i

43. 9x*-18x+3=0
X —2x+L-0
3

X —2x=—1
3

=
N
I
=
|
|
1l
o

x2—4x+(2)2:§+4
4
2 21
X—2) = —
(x-27 =2
X—2== 2
4
x—2—i£
2
X=2% 21
2
45. 2x*+5x-8=0
X +2x-4=0
2
> 5 25 25
XX+ —=4+=
16 16
5\ 89
X+=| =—
4 16
X+E=i£
4 4
4 4

Section 2.4 ~Solving Quadratic Equations Algebraically 165

46. ox*-12x=14

2y 14
37 9

, 4. (2Y 14 4
Xo——=X+|=| =—+—
3) 9 9

2V 18
X—=| ==
3] -3

47. y:(x+3)2—4

@

L]
\J

-6

(b) Thex-interceptsare (-1, 0) and (-5, 0).
(© 0=(x+3)" -4
4=(x+3)2
V4 =x+3
-3+2=x
x=-lorx=-5
The x-intercepts are (—1, 0) and (-5, 0).

48 y=1-(x-2)

@ >

S \ "
>
(b) Thex-interceptsare (1 0) and (3, 0).
© 0=1-(x-2)’
(x-2)" =1
X—2=11
x=2+1=31
The x-intercepts are (3, 0) and (1, 0).
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166 Chapter 2 Solving,Equations and I nequalities

49. y=-4x*+4x+3

@ 6

T

(b) Thex-interceptsare (0.5, 0) and (1.5, 0).

(© 0=-4x"+4x+3
4x* —4x=3
4(x2—x)=3

xt-x=2
x2—x+(%)2 =%+(%)2
(x-3)"=1
x—§=i\/i
x=+%1
x=3orx=—1%

50. y=x*+3x-4

@ :

(b) Thex-interceptsare (1, 0) and (-1, 0).
(© 0=x*+3x-4

0=(x+4)(x-1)

O=x+4=>x=-4

O=x-1=x=1

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

51. y=x"—-4x+4=0

8

-2
One real solution

52. y=2x*-x-1=0

7

-7

\)

H

Two real solutions

-3

53, y=4x*-8x+28=0

9

\J

1

Onereal solution

54. y=1x*-5x+25=0

10

0

N

0

No real solutions

55. y=—02x*+1.2x-8=0

4

~

-12

No real solution

56. y=9+24x-8.3x*=0

10

[t

-2

Two real solution

57. x> —9x +19

1l
o
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Section 2.4 ~Solving Quadratic Equations Algebraically 167

58. x*-10x+22=0 62. 8x = 4 - x*
X:—bi\/b2—4ac X +8x-4=0

2a . k- b? - 4ac
 —(-10)£/(-10)" - 4(1)(22) - 2a
- 2

2(1) _-® =6 - 4(-9)

_10+100-88 21)

j_ 8+ /64+16
_ 10+ 23 =5i\/§ 2

2 -8+ /80

59. x?+3x+8=0

-8+ 45
 —3+,/9-4(8) ==

X=
2 =-4+2.5
_-3+/=23
2 2
63. 20x* - 20x+5=10
3 23i
:_Ei\/z—' 4x2 —4x+1=0
_ —b+/b? - 4ac
60. X*+5x+16=0 A P
-5+ ,./25—-4(16 2
)= OEN25-4016) I e e e e e
2 2(4)
-5+/-39
8
5 39,
==+ +
27 2 - 420
8
61. 4x = 8 — X2 _1
x> +4x-8=0 2
. —b + \/b? - 4ac /b? — 4ac 64. 9x*-18x+9=0
2a X*=2x+1=0
2
@ o - 4o _ba P
2(1) 2a
-4 6+ 3 ~(-2) (-2 -4()()
2 N 2(1)
_ —4% V48 ENO)
2
_ -4+4/3 =1
2
=-2+2J3
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168 Chapter 2 Solving,Equations and Inequalities

65. 16x% + 24x+9 =10 70. 11x*+33x=0
—b + ~/b? — 4ac 11(x*+3x)=0
X=——>y- =
2a x(x+3)=0
_ (2= J(29" - 499 x=0
- 2(16) x+3=0=x=-3
_ D24+ /576 — 576 71 (x+3) =81
82 X+3=19
-24+0 T
= 32 X+3=9=x=6
3 X+3=-9= x=-12
4 72, (x-1)°=-1
66. 9x2 +30x+ 25 =0 X—1=+/-1 =+
o~ “bE/b® -~ dac x=1#i
B 2a
5 73. )(2—2x=—]'_3
(30 £ (30 - 4929 g
- 2(9) x2—2x+1—j=0
_ -30 £ /900 - 900 .~ —dac
18 2a
_ %00 2+ [4-4(13/4)
18 =
5 2
- -2 _2+4-9
2
67. 4x*+16x+17=0 =1igi
X_—bi\/b2—4ac
2a 74. X+ ax = —22
-16+,/16° - 4(4)(17) 4
) 2(4) x2+4x+4:—%+4
_ —16+-16 , 3
% (2 = -
_—16+4i -
| X+2=4[-=
1 4
=-2+—i 3
2 X+2=x—:1i
2
68. 9x*-6x+37=0 3
X=-2+—i
X:—bi\/b2—4ac 2
2a
75. 5x2 = 3x +1
6+/36-1332 5
= Bx2 —3x-1=0
1, . —-b + </b? — 4ac
===x2 X =
3 2a
~(=3) + /(-3)* - 4(5)(-1.
69. x*-3x-4=0 _ 9 (2(5)) 45
X-4)(x+1) =0
( )( ) 3+V9+ 20
X-4=0=x=4 = 10

X+1=0= X

I

|
H

w

I+
¥

[{e}
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76. 4x2
4x% — 7x -3

1l Il
o
x
+
w

77 2% 4 7x-3=0

—b++/b®-4ac

2a

727 -4(2)(-3)
—7+73

X=

;
o
78. —10x* +11x-3=0
10x* -11x+3=0
(5x-3)(2x-1)=0
5x-3=0 or 2x-1=0

2x=1

79. —4x*+12x-9=0
4x2 -12x+9=0
(2x-3)"=0
2x-3=0

2x=3

3

X=—

2

80. 16x*-24x+9=0
(4x-3)° =0
4x-3=0

4x=3

3

X==
4

Section 2.4 ~Solving Quadratic Equations Algebraically 169

81.

82.

83.

85.

86.

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

x> +x-30=0
Multiply by 2 to find a second equation.
2(X* +x-30)=2x"+2x-60=0

(other answers possible)

(x+2)(x-1)=0

X +x-2=0
Multiply by 2 to find a second equation.
2(X*+x-2)=2x"+2x-4=0

(other answers possible)

3o

(3x+7)(7x—6)
21
21x* +31x-42=0

Multiply by % to find a second equation.

1 31
X

—(21x2+31x—42):3x2+— -6=0
7 7

(other answers possible)

Multiply by 9 to find a second equation.
9 xz—gx—§ =9x*-6x—-8=0

3 9
(other answers possible)
(x-548)(x+58) 0

><2—(5J§)2 =0

x*-75=0

Multiply by é to find a second equation.

%(x2—75)=%x2—15=0

(other answers possible)

(x—2\/§)(x+2\/§) =0
X2 —(2\/3)2 =0
x*-20=0

Multiply by%to find a second equation.

%(x2—20)=%x2—10=0

(other answers possible)
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170 Chapter 2 Solving,Equations and I nequalities

87.  (x-1-2V3)(x-1+2y3)=0
(x-1-243)((x-1)+2V3)=0
(x—1)2—(2J§)2=0

x?—2x+1-12=0
x*—2x-11=0
Multiply by 5 to find a second equation.
5(x* —2x—11) =5x* —10x-55=0

(other answers possible)
88. (x-2-3J5)(x-2+3/5)=0
(x-2) ~(3J8) =0

x> —4x+4-45=0
x*—4x-41=0
Multiply by 2 to find a second equation.
2(X* - 4x—-41)=2x* -8x-82=0

(other answers possible)

89. [x—(2+i)][x—(2—i)J=0
[(x—2)—i}[(x—2)+i}:0
(x—2)2+1=0
x> —4x+5=0
Multiply by —1 to find a second equation.
—(x2 —4x+5)=—x2+4x—5=0

(other answers possible)
9. [x—(3+4i)|x~-(3-4i)]=0

[(x-3)-4i][(x-3)+4i]=0
(x-3)°+16=0
x> —6x+25=0
Multiply by —1 to find a second equation.
—(X*—6x+25)=—Xx* +6x-25=0

(other answers possible)

oL (@

w+ 14

(b) w(w+14) =1632
w’ +14w—-1632=0

(c) (w+48)(w-34)=0
w=34, length =w+14=48
Width: 34 feet, length: 48 feet

92. S = x* + 4xh
561 = X* + 4x(4)
561 = x* + 16x
561 + 64 = x? + 16X + 64
625 = (x + 8)°
/625 = x+ 8
-8+ 25 =x

Because x > 0, x = 17.

The dimensions are 17 feet by 17 feet by 4 feet.
93. (a) 4x+3y=100 (amount of fence)
y= %(100 —4x)
Domain: 0 < x < 25

Area= A(X)=(2x)y= 2x%(100 —4x)

= g X(25-x)
8 , 200
=——=X+—X
(b) X y Area
2 2 | %123
4 28 224
6 z 304
8 £ | 1-363
10 20 400
12 2 416
4 | % | Zoan

Approximate dimensions for maximum area:
x=12,y=2 or24dmxZ m

450

(©

0 25
0

Approximate dimensions for maximum area:
x=125y=16.67, or 25mx2 m

(d) Thegraphsofy, =£x(25-x) andy, =350

3

intersect at x=7.5and x =17.5. Thedimensions are
therefore 15 mx 232 mand 35 mx10 m.

© (25— x) =350
—8x? + 200x = 1050
4x* —100x+525=0
(2x-35)(2x-15)=0
x=Z orx=2

Dimensions: ;|835°mx10 mrand 15,mx:23< m
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94, V = Length - Width - Height = 576 cm®
(x)(x)(4) =576
4x* =576
X2 =144
x=12 cm

Because X=12 cm, the original piece of materia is 12+ 4+ 4 =20 cm by 20 cm.

95. (@ s = -16t> + vt + §
= —16t2 + (O)t + 2080
= —16t% + 2080
(0) t 0 2 4 6 8 10 12
S 2080 | 2016 | 1824 | 1504 | 1056 480 —224

(c) From the table, the object reaches the ground between 10 and 12 seconds, (10, 12).

0 = —16t% + 2080
16t? = 2080

t2 = 130

t = /130

t = +11.40

The object reaches the ground after 11.40 seconds.

96. (8 s=-16t"+Vt>+s,
v, =455, =55
s=-16t? +45t+55
(b) s(%)=-16() +45(%)+5.5= 24 feet
() —16t°+45t+55=6

16t — 45t +0.5=0
Using the Quadratic Formula, t = 2.801 seconds.

40

0 3
0

Thecurves y=-16t? + 45t + 5.5 and y =6 intersect
at t=2801.

97. (@

(b)

98. (8
(b)

s=-16t" + vt +5
0=-16t*+8000
16t* = 8000
t* =500
t= 10\/5 = 22.36 seconds.
_ (600 miles/ hour)(lOJg seconds)
Distance =
(3600 seconds/hour)
=1(10/5) miles
~3.73miles=19,677.4 fest
s(t) =—16t*+1100
The pellets hit the ground when

16t? =1100 = t ~ 8.29 seconds.
95 miles per hour -5 miles per second.
3600

The plane travels

i -8.29 = 0.22 mile, or 1162 feet.
3600
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9. (@) S = —0.143t? + 3.73t + 325, 5 <t <13
Findtwhen S = 50.

50 = —-0.143t? + 3.73t + 325
0 = -0.143t> + 3.73%t - 175

(379 £ /(373" - 4~0.143)(-17.5)
2(-0.143)
_ ~373+ /130129 — 1001

—-0.286

—3.73 £ </3.9029
—-0.286

6.13andt = 19.95 (not in the domain of the model)
In 2006, the average salary was $50,000.

t =

t

0

o [ s
5 47.46
6 49.73
7 51.60
8 53.19
9 54.49
10 55.50
11 56.23
12 56.67
13 56.82

© ///—

0 15

0

(d) 555 =-0.143t> + 3.73t + 325
0 = -0.143t> + 3.73t - 23

(379 £ /(373 - 4-0.143)(-23)
2(-0.143)

_ —3.73+ /13,9129 - 13.156

-0.286
-3.73 + /0.7569

-0.286
t =10 and t = 16.1 (notinthedomain of the model)

In 2010, the average salary was $55,500.

(e) Answerswill vary. Sample answer: For some years, the model may be used to predict the average salaries for years beyond
2013. However, the model eventually would yield values that begin to decrease and eventually become negative.

t =
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100. (8 D = 0.051t> + 0.20t + 5.0, 5<t < 14
Findt when D = 10.
10 = 0.051t? + 0.20t + 5.0

0 = 0.051t? + 0.20t - 5.0
. _ (020 + J(0:20)° - 40.051)(-50)
- 2(0.051)
, _ ~0.20+ /004 + 102
0.102
~0.20 + \/1.06

t =
0.102

t = 813 andt = —12.05 (not in the domain of the model)

In 2008, total public debt reached $10 trillion.

i

CY D
5 7.28
6 8.04
7 8.90
8 9.86
9 10.93
10 12.10
11 13.37
12 14.74
13 16.22
14 17.80

© =

//

0

(d) 20 = 0.051t? + 0.20t + 5.0

0 = 0.051t? + 0.20t - 15.0
020+ \/(0.20)2 ~ 4(0.051)(-15.0)
- 2(0.05)
. _ ~020+/0.04 + 306
0.102
-0.20 + /3.10

t =
0.102

t = 15.3,andt = —19.2 (not in the domain of the model)

In 2015, the total public debt will reach $20 trillion.

(e) Answerswill vary. Sample answer: For some years, the model may be used to predict the total public debt for years
beyond 2014. However, the model eventually would yield values that are very high.

i
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101. C = 0.45x® — 1.73x + 52.65, 10 < x < 25
@ o

(b) When C = 150, x = 16.797° C.

(c) If thetemperature isincreased from 10° Cto 20° C, the oxygen consumption increases by afactor of approximately 2.5,

from 80.35 to 198.05.

102. F = -0.091s* + 1.639s + 2.20, 5 < s < 65

@

5 65
0

(b) Usethe maximum feature of a graphing utility to find the greatest fuel efficiency. So, the car should travel at a speed of
42.91 miles per hour for the greatest fuel efficiency of 37.36 miles per gallon.

(c) When the average speed of the car is increased from 20 miles per hour to 30 miles per hour, the fuel efficiency will
increase from 27.34 miles per gallon to 34.18 miles per gallon, which is afactor of approximately 1.25.

103. (@) x> +15% =12
X2 4+ 225 =12

(b) X2 + 225 = (75)°

X% + 225 = 5625

x? = 5400
x = +-/5400
x = +30/6
X = £735

Because x > 0, the distance is about 73.5 feet.
104. Let u bethe speed of the eastbound plane. Then
u+ 50 = speed of northbound plane.
[u(3)] +[(u+50)3] = 2440°
9u? +9(u+50)° = 24407
18u® + 900u + 22,500 = 2440°
18u” +900u—5,931,100=0
-900+ \/(900)2 —4(18)(-5,931,100)
"= 2(18)

900+ /427,849,200

36

=~549.57

u+50=599.57
So, the eastband plane is traveling at about 550 mph and
the northband planeis traveling at about 600 mph.

105. False. The solutions are complex numbers.

106. False. You can only draw a conclusion about the factors
if their product is 0, not 8.

107. False. The solutions are either both imaginary or both real.

108. (@ ax*+bx=0

x(ax+b)=0
x=0
ax+b=0=ax=-b
x=_2
a
(b) ax*-ax=0
ax(x-1)=0
ax=0
x=0
Xx-1=0=x=1

109. Add the two solutions and the radicals cancel.

_ —b++/b*—4ac N -b-+/b?-4ac

2a 2a

S
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110. Multiply the two solutions and the radical s disappear. 112. (a) Because the equation 0 = (x — 1)2 + 2hasno redl
p= —b++b® —4dac || —-b-b* - 4ac solutions, its graph has no x-intercepts. So, the
2a 2a equation matches graph (ii).
(_b)2 _(bZ —4ac) (b) Becausetheequation 0 = (x + 1)2 — 2hastwo real
- 43?2 solutions, its graph has two x-intercepts. So, the
dac ¢ equation matches graph (i).
T4 a

113. x°-27x% = xz(x3 —27) = xz(x—3)(x2 +3x+ 9)
111. (a) 3x*+5x—-11=0: Quadratic Formula;

The equation does not factor and it is not easily 114. xX°*—5x2—-14x= x(xz —B5x— 14)
solved using completing the square, nor isit the type
to extract square roots. =x(x-7)(x+2)

(b) x*+10x=3: Complete the square; The equation is
easily solved by completing the square since the
leading coefficient is 1, and the linear term is even.

(c) x*-16+64=0: Factoring; The equation is easily (
factored, sinceit is a perfect square trinomial. (

(d) x*—-15=0: Extracting square roots; The equation is
of thetype x* —d =0, and is easily solved by
extracting square roots.

115. x*+5x*-2x-10

x*(x+5)-2(x+5)

x*—2)(x+5)

x+\/§)( ) x+5

116. 5(x+5)x"*+4x"* = x1/3[5 (x+5) +4XJ
(9x+25)

117. Answerswill vary. (Make a Decision)
Section 2.5 Solving Other Types of Equations Algebraically
1. polynomial 7. 7x® + 63x

2. x(x-3) 7x(x2 + 9) =
X=0=>x=0

| I
o o

3. To eliminate or remove the radical from the equation

VX+2 =X, square each side of the equation to produce X +9=0=x*=-9
the equation x+2 = x2. X = /-9
X =3
4. Theequation x*-2x+4=0 isnot of quadratic type.
5. Ax* —16X2 =0 8. X +512=0
¢ (x2-4)=0 (x+8)(x* —8x+64) =0
4% (x-2)(x+2)=0 X+8=0= x=-8
x=0, X2 -8x+64=0
4 2 o k- b? — 4ac
6. 8x"—-18x"=0 o
2x%(4x*-9)=0 >
[ -9) 9+ o ey
2x*(2x+3)(2x-3)=0 - 2(1)
X=0, 3 8+ /64— 25
2
8+ /192
- 2
_ 8+8/3i
2
= 4+ 43
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9. 5x*+30x*+45x=0 15. 36t* +29t>°—7=0
5x(x2+6x+9)=0 (36t2—7)(t2+1)=0
5x(x+3)2=0 (6t+ﬁ)(6t—ﬁ)(t2+l)=0
5x=0= x=0
-
X+3=0=> x=-3 6”\/7:0:”:—%
10.  9x*-24x’+16x° =0 et_ﬁ=o:>t=%
X*(9%* - 24x+16) =0 24120t =i
x2(3x—4)" =0
16. 4x* -65x°+16=0

x*=0 = x=0

3x-4=0 = x=%

(4x*-1)(x* -16)=0
(2x+1)(2x-1)(x+4)(x-4)=0

11. X3 +5=5x%+ X
2x+1=0=>x=-%

X} —5x*—x+5=0

2x-1=0=>x=%
x*(x—5)—(x-5)=0

X+4=0=x=-4

(x=5)(x*~1)=0 x-4=0=x=4
-5 1)(x-1)=0
(x )(X; )gx ) ) 17. 3/x-10=0
X-5=0=x=
X+1=0=>x=-1 3\{5?180
x—1=0=x=1 =
12. x*+2x3-8x-16=0
3 18. 3J/x-6=0
X*(x+2)-8(x+2)=0
(x3 8)(x+2)—0 3x=6
_ - Jxo2
(x=2)(X* +2x+4)(x+2)=0 (\/_)2 (o
x| =
x2+2x+4=0:x=_2i— “24_16=—1¢\/§i x=4
X—2=0=>x=2 19. Jx-10-4=0
X+2=0=>x=-2 x—10=4
. 5 Xx-10=16
13. X —4x°+3=0
X=26
(x2—3)(x2—1)=0
20. J2x+5+3=0
X++/3|(x—=+/3)(x+1)(x-1)=0
(x+43)(x=3)(x+ 1) (x-1) J2x5--3
x+\/§=03x=—\/§ No solution

Xx—3=0=x=4/3
3 .

X+1=0=x=-1 21. ¥6x +9=0

X-1=0=x=1 3/6x = -9
s 3
14. X' —5x2 -36=0 (¥6x) = (-9)
(x*-9)(x*+4)=0 6x = —729
(x+3)(x-3)(X* +4)=0 « ‘

X+3=0= x=-3
Xx-3=0=> x=3
X¥+4=0=> x’=—4=42
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22 23/x -10=0
23/x =10
3x =5

23. IY2x+1+8=0
Y2x+1=-8
2x+1=-512
2x=-513

=53
X=—3

=-256.5

24, 3Y4x-3+2=0
(4x-3)" =2
4x-3=-8
4x=-5
5

X=_T

25. \/ﬂ+4=x
\/ﬂzx—4
5x—26=x*—8x+16
x> —13x+42=0
(x-6)(x-7)=0
X—-6=0=x=6
X=7=0=>x=7

26.  x—+/8x-31=5
X—5=+/8x—31
x? —10x+25=8x—31
x* —18x+56=0
(x—4)(x-14)=0
X—4=0= x=4, extraneous
x-14=0=x=14

27. Jx+1-3x=1
\/x_+1=3x+1
X+1=9x% +6x+1
0=9x%+5x
0=x(9x+5)
x=0
9x+5=0= x=-3, extraneous

Section=2.5 Solving Other Types.of Equations'Algebraically 177

28. Jx+5-2x=3
VX+5=2x+3
X+5=4x*+12x+9
4%* +11x+4=0
(o ~11E121-64 ~11+./57
8 8
=ﬁ (extraneous) and
—11+./57
8
29. Jx+1=+3x+1
X+1=3x+1
0=2x
x=0
30. Vx+5=+/2x-5
X+5=2x-5
10=x
x=10
31. 2X+9/x -5=0
(2Vx-1)(vx+85)=0
Wx=t=x=t

(\/— =-5 isnot possible.)
Note: You can see graphically that there is only one
solution.

32. 6x—7/x-3=0
6x—3="74/x
(6x—3)2:(7\/;)2
36x%% — 36X+ 9=49x

36x2-85x+9=0
(9x—1)(4x—-9)=0

9x-1=0= x =1, extraneous
4x-9=0=>x=2
33 x-Vx-5=1
Jx=1+/x-5

(&)2=(1+\/ﬁ)2
x:1+2ﬁ+ Xx-5
4=2/x-5

Jx-5

-5

o A~ N
o

X
X
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34.x +/x-20=10
Jx =10-+/x-20
(\/§)2=(10—\/x—2o)2

Xx=100-20x-20 +x-20

—80=-20/x-20
4=+/x-20
16=x-20
36 =X
3. HWNXx-5+/x-1=0
3/x-5=-J/x-1
(35 =5) = (~vx-1)
9x—-5 =x-1
X -45=x-1
8x = 44

X

11
E, extraneous

No solution

36. 4/x-3-+/6x-17=13
A4x—3=6x-17 +3
16(x—3) =(6x—17) + 9+ 66x-17
10x— 40 = 6/6x—17
5x—20=3/6x—-17
25x? — 200x + 400 = 9(6x —17)
25x? — 254 + 553 =0
(x-7)(25x-79)=0
Xx=7
(x=2 isextraneous.)

ar. 3 42x¥ =5
2xP +3x*-5=0
(2xm +5)(xm —1) =0

x¥=1 =x=1
38 Ot7+24tY°+16=0
(3t +4)(at** +4)=0
3t +4=0
=4

poo_d_ o %

3 27
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39.

40.

41.

42.

45.

(x + 6)3/2 =1
2/3
(x+ "] = @™
X+6=1
=5
(x-1)"=8
x-1=8%°
Xx—-1=4
X=5
(x=9)** =25

3

x-9=(5)° x-9=(-5)
x-9=125 x-9=-125
x=134 x=-116

x-7=(3) x-7=(-3)
X-7=27 XxX-7=-27
x=34 x=-20

(x2 —5x—2)]/3 =-2

3

X*—bx—2=(-2)" =-8
x?—5x+6=0
(x=3)(x—2)=0
X—3=0=x=3

X-2=0=>x=2

4/3

(xz—x—22) =16
X2 —x—22=+16%

X2 —x—-22=48
x?—x—-30=0=x=-5, 6
+
X —x-14=0= x:l_;/5

3x(x-1)" +2(x-1)" =0

(x-1)"*[3x+2(x-1)]=0
(x—=1)"*(5x-2)=0

(x-1)"*=0= x-1=0= x=1

5x—-2=0= x=2, extraneous



4/3

4. a¢(x-1)"+6x(x-1)" =0
2x| 2x(x-1)" +3(x-1)*'| =0
2x(x—l)u3[2x+3(x—1)J:0
2x(x-1)"*(5x-3)=0

47. x=—+l
2

(2909 =2 2 (29 5 |
2X* =6+X
2x2—x—-6=0
(2x+3)(x-2)=0

2x+3:0:>x:—E
2
X—2=0=>x=2

48. 4_5_X

X 3 6
(6%) 2~ (6%)2 = (6%)%

;—(6x)§=(6x)6
24-10x = X2
x> +10x—-24=0
(x+12)(x-2)=0
X+12=0= x=-12
X-2=0 =>x=2

20— X
=X
X
20— x=x°
0=x*+x-20
0=(x+5)(x—4)
X+5=0=>x=-5
X—4=0=>x=4

49.

50. 4x+1=g
X

(x)4x+ ()1=(x)>

4x* +x=3
4% +x-3=0
(4x-3)(x+1)=0

4x-3=0 = x=

Nlw

X+1=0 = x=-1
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51.

52.

53.

55.

Section=2.5 Solving Other Types.of Equations'Algebraically 179

1 1

X X+1

x(x+1)%—x(x+1)ﬁ= x(x+1)(3)

X+1-x=3x(x+1)
1=3x%+3x

0=3x*+3x-1
a=3 b=3 c=-1

3+ (3)2—4(3)(—1) _-3+421

X=

2(3) -6
4 8 _
x+1 x+2

4(x+2)-3(x+1)=(x+1)(x+2)
4X+8-3x—3=x>+3x+2
X*+2x-3=0
(x-1)(x+3)=0
x=1 -3
1 8

t—2+T+15=0

1+8t+15t2=0
(1+3t)(1+5t)=0

1+3t=0:t:—i
3

1+5t:O:>t:—l
5

1 1
6-=—— =0
X X
6x>—x-1=0
(3x+1)(2x-1)=0
1 1
X=——, —
3 2
x-2_ 1 _
X X+2
x—2: 1
X X+2
(x+2)(x-2)=x
X2 —4=x
X2-x—4=0
1+ [1-4(-4
O o )
2
leiﬁ
2 2
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56.

57.

61.

62.

et o0

t

X +i—3
X -4 x+2 28,
X 1
X+2)(X-2 +(X+2)(X—2)——=3(X+2)(x-2
(ex2)x-2) 55 w{x+2)x-2) -2 =3 2)(x-2)
X+X—-2=3¢-12
3¢ -2x-10=0
a=3 b=-2¢c=-10
~(-2)+(-2)" - 4(3)(-10)
X =
2(3)
244124 2+231 131
6 6 3
s Y s
6[_J +5[—j—6=0 50,
s+1 s+1
Let u=s/(s+1).
6U*+5u—6=0
(3u-2)(2u+3)=0 60.
3u-2=0 = u=g
2u+3=0 = u:—E
2
S = = s=2
s+1 3
S 3 3
— =2 = s=-=
s+1 2 5
|X|= x* + x - 24
X=X +x-24 or X=X +x-24
0=x>-24 0=x>+2x-24
X2 = 24 0= (x+6)(x-4
X = V24 X+6=0= x=-6
x=12\/5 X—4 =0 = X = 4, extraneous
X = —2\/5, extraneous
x:2\/€
‘x2+6x‘:3x+18
x? + 6x = 3x + 18 or X2 + 6x = —(3x + 18)
x> +3x-18=0 x2 + 6x = —3x — 18
(x+6)(x-3) =0 X +9x+18=0
X+6=0=x=-6 (x+3)(x+6)=0
XxX-3=0=x=3 X+3=0= Xx=
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X+6=0= X

Let —=x. Then:
t-1
8x?-2x-3=0
(2x+1)(4x-3)=0
1 3
X=——, X=—

2 4
L=—1:>2t=—t+1 = t=l
t-1 2 3
t :§:>4t:3t—3 = t=-3
t-1 4
\2x—5\=11
2x—-5=11 or 2x-5=-11

2x = 16 2Xx = -6
X =8 X =-3
|3x + 2| =7
3X+2=7 o 3xX+2=-7
3 =5 3 =-9
x=§ X =-3
3
-3
-6
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63. |x+]j:x2—5

Xx+1=x2-5 or ~(x+1)=x"-5
2 620 XX +Xx-4=0
(x-3)(x+2)=0 O o )
X=3 2
X=-2, isextraneous xz_l_ﬂ
2 2
x=—%+g, extraneous

64. |x —15|= x* —15x

X —15 = x? — 15x or Xx-5=—-x%+15x
0=x?-16x+15 0=x>-14x-5
0= (x-15x+1) ~(-14) £ /(14" - 40)(-H
x-15=0= x=15 X = 5
X+1=0= x=-1 14 + /216
X="—"
2

X = 7 + 36, extraneous

65. y=x®-2x>-3x 66. y=2x*-15x*+18x>
@ > €) @
J o Lo
-9 /\} 9
-7 -200
(b) x-intercepts: (-1, 0), (0,0), (3,0) (b) x-intercepts: (0, 0), (£, 0), (6,0)
() 0=x>-2x"-3x (©) 0=2x*-15x°+18x*
0=x(x+1)(x-3) = x*(2x* —15x+18)
x=0 =x*(2x-3)(x-6
X+1=0=>x=-1 ( , ) )
x-3=0=x=3 0=x"=x=0
) _ 0=2x-3=>x=2
(d) The x-intercepts are the same as the solutions. 0= x—6= x=6

x-intercepts: (0, 0), (2, 0), (6,0)
(d) The x-intercepts are the same as the solutions.
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67. y=x'-10x*+9
(a) 20

Lia
ViV

-20

(b) x-intercepts: (1, 0), (£3,0)

(© 0=x*-10x*+9
0=(x"-1)(x*-9)
0=(x+1)(x-1)(x+3)(x-3)
X+1=0=>x=-1
Xx-1=0=x= 1
X+3=0=x=-3
Xx-3=0=>x= 3

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

68. y=x"-29x*+100
(a) 150

ial
\

-150

(b) x-intercepts: (£2, 0), (%5, 0)

(©) 0=x*-29x*+100
=(x2—4)(x2—25)
=(x+2)(x-2)(x+5)(x-5)
0=Xx+2=x=-2
0=x-2=>x=2
0=x+5=x=-5
0=x-5=x=5
x-intercepts: (-2, 0), (2, 0), (-5, 0), (5, 0)
(d) The x-intercepts are the same as the solutions.

69. y=+11x-30-x

@ 3
-1 IFF 1
-5
(b) x-intercepts: (5, 0), (6, 0)
(© 0=+11x-30 - x
X=+/11x-30
x? =11x—30
x> -11x+30=0
(x-5)(x-6)=0
X-5=0=x=5

X-6=0=x=6
(d) The x-intercepts and the solutions are the same.
70. y=2x- M
@ s

DRV

-5
(b) x-intercept: (£, 0)
(© 0=2x-+/15-4x
J15——4b< =2X
15— 4x = 4%
0=4x>+4x-15
0=(2x+5)(2x-3)
0=2x+5=>x=-2
0=2x-3=>x=%
x =—% is extraneous. The x-intercept is (2, 0).
(d) The x-intercept and the solution are the same.
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71 y=3x-3J/x-4

@ °

Ll
%

-6

(b) x-intercept: (3.09164, 0)
(© 3x-3/x-4=0.Lety=+/x.

3y’ -3y-4=0
2
yz—(—3)i (=3) -4(3)(-4)
2(3)
3+4/57
y:
6
Because y=\/_= 3i;5/§, then
(3+57)
X= =~ 3.09164
36
(3-57)
X:Tz 0.57503 extraneous

(d) Thex-intercept and the solution are the same.

72. y=+7x+36 —/5x+16 -2

(a) 0.5

NN

-0.5

(b) x-intercepts: (0, 0), (4,0)
(© 0=+/7x+36 —/5x+16 -2
VJ7x+36 =2++/5x+16

(\/7x+36)2 :(2+\/5x+16)2

7x+36:4+4\/M+5x+16
7X+36 = 5X+ 20+ 4/5x + 16
2x+16=4/5x+16
x+8=2/5x+16
x? +16x+64 = 4(5x+16)
X% +16X + 64 = 20x + 64
x> —4x=0
X(x-4)=0
x=0
X—4=0=>x=4

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

7 y-io 4y
X x-1

(a) 24

—24

(b) x-intercept: (-1, 0)
© o-1__4 4
X x-1

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

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

74. =Xx-5+
y X+ 3

@ 4

L4
C

—4

(b) x-intercepts: (-2, 0), (4, 0)

7
x+3:0
(x=5)(x+3)+7=0
X2 -2x-15+7=0

x2-2x-8=0
(x-4)(x+2) =0

X—4=0= Xx

(© X—-5+

X+2=0= X

x-intercepts: (-2, 0), (4, 0)

183

(d) The x-intercepts and the solutions are the same.
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75. y=x+i—5 . y=|x+1|—2
X+1
al 8
@ . (€Y
-10 -""-/Fl 10 o .
Y )

-18

(b)  xintercept: (2, 0) (b) x-intercepts: (1, 0), (-3,0)

© omxe—L_s @ 0zfrj-2
T x+1 2=|x+1-2
0=x(x+1)+(x+1)i—5(x+1) x+1=20r —(x+1)=2
x+1 x=1 -x-1=2
0=x*+X+9-5x-5
, -x=3
0=x*—4x+4 x=-3
0=(x-2)(x-2) (d) Thex-intercepts and the solutions are the same.
0=x-2=x=2 78. y=|x-2-3
x-intercept: (2, 0)
(d) The x-intercept and the solution are the same. @ u
76.y=2x+x_5—2 7 "
€Y ! =
-4 8
/ (b) x-intercepts: (5, 0), (-1,0)
(© 0=[x-2-3
- 3=|x-2

First equation: x—2=3=x=5
Second equation: —(x—2)=3
85_2:o ~(x-2)=3

(b) x-intercept: (3, 0)

2X +

—X+2=3=>x=-1
2X(x -5 +8-2(x-5 =0
( ) ( ) (d) The x-intercepts and the solutions are the same.
2x> —10x+8-2x+10=0

2x* —12x +18 = 0
X -6x+9=0
(x-3°=0
X=3
x-intercept: (3, 0)

(c) The x-intercept and the solution are the same.
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79. Let x = the number of students. Then 1700 isthe original cost per student. So, 1700 _ 7.50is the reduced cost per student
X X

after 6 more students join the trip.

Verbal model: Cost per student x Number of students = Total cost

[@ - 7.50](X +6) = 1700

X

1700 + 10,200 _ 7.5x — 45 = 1700
X

~75x - 45+ 2% _ g
X

7.5x% + 45x — 10,200 = 0
x2 +6x —1360 = 0

~(6) + /(6 - 4(1)(-1360)

X =
21)
« = ~6 + /36 + 5440
2
= -6 £ /5476
2

-6-74
X = 5 , extraneous
X = 6 ;L 4 = 34 studentsin the original group

80. Let x=monthly rent for the apartment. The original rent

nt
r
for each student is x/3. By adding a fourth student, the 82. A= P(l * 7) n=21=20

n
rentis x/4. So, (2)(20)
X X 8055.19 = 30001 + —
—==—+75 2
3 4 40
4x=3x+900 (1 + 5) = 2685063
X =900. 2
The monthly rent is $900. r
1+ 5 = 1.025000
nt
8l. A= P(1+ Lj ,n =12t =10 r = 0.025000
n 2
r = 0.050, or 5.0%

r (12)(10)
11,752.45 = 7500[1 + E)

MANES
(1 + —j = 1.566993
12

1+ — =1.00375

0.00375

_,
2

= 0.045, or 4.5%
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83. T =75.82-211x+43.5L/x, 5< x< 40
Find x when T =212°F.

212 =75.82 - 2.11x + 43.51/x
2.11x - 4351/x +136.18=0
Let y= \/;

2.11y? - 4351y +136.18=0

~(~4351) +(-4351)° - 4(2.11)(136.18)
2(211)

_ 4351+/743.7609

4.22

y:

43.51+/743.7609
y = \/; -

422
(435147437609 |
422
X = 14.806 pounds per square inch

(x~281.332 isnot in the given domain, 5< x < 40.)

84. J02x+1=C=25
0.2x+1=6.25
0.2x=5.25
X = 26.25,0r 26,250 passengers

85. The hypotenuse of theright triangleis

for (@) = s 2 = [+
4 16 4

(8 Total cost = Cost of powerline over land
+ Cost of powerline under water

c= 23 d01aS " oe0 " (8 x)miles
mile

foot
2
+ 30 doIIars_5280 fegt ) V16X +9 miles
foot mile 4

C =1,013,760 — 126, 720x + 39,600y16X2 + 9
(b) Find Cwhen x=3 (miles).
C =1,013,760 - 126,720(3) + 39,600,/16(3)" + 9
=$1,123,424.95
(c) Find x, when C =1,098,662.40.

1,013,760 126, 720x + 39,6004/16xX* + 9 = 1,098, 662.40
39,6007/16X +9 —126,720x —84,902.4 =0
39,600/165 + 9 = 126,720+ 84,902.4
V16X +9=32x+2.144
16%2 +9=10.24x* +13.7216x + 4.596736

5.76x* —13.7216x + 4.403264 =0
Use the Quadratic Formula.
X =1.997 = 2 miles

x =0.385=.0.382.mile
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(d) 1,600,000
_\_'_'_'___'_,_,_,—r

0

(e) Using the graph from part (d), if x =1mile, the cost is minimized, C = $1,085,340.

86. d=+100°+h?
(a) 300

-

o) | ——— YT,
0

If d=200, h=173.

(b)

h 160 165 170 175 180 185

d| 188.68 |192.94 | 197.23 | 201.56 | 205.91 | 210.3

When d =200, 170<h<175.

(©) 1007 +h? =200

1007 +h?* = 200°

h? = 200* —100°
h=173.205
(d) Solving graphically or numerically yields an approximate solution. An exact solution is obtained algebraically.
87.
@ Year 2008 2009 2010 2011 2012
Crimes

11.17 10.73 10.41 10.23 | 10.20

(in millions)

(b) According to the table, in 2008, the number of crimes committed fell below 11 million.
(c C= \/1.49145t% — 35.034t + 3096, 8 < t < 12
Findtwhen C = 11.

11 = /1.49145t> — 35.034t + 309.6

2
(11 = (\/1.49145t2 ~ 35.034t + 309.6)

121 = 1.49145t? — 35.034t + 309.6
0 = 1.49145t? — 35.034t + 188.6

 —(-35.034) + J(~35.034)° - 4(1.49145)(188.6)
- 2(1.49145)
_ 35034 + </1227.381156 — 1125.14988

2.9829

35.034 + /102.231276
2.9829
t = 8.36,15.13

t =

Because t = 15.13 isnot in the domain of the model, t = 8.36.
So;in2008; the number of crimes.committed fell-below 12 million.
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d Z

—_—

In 2008, the number of crimes fell below 11 million.

88. (a) and (b)

4000

The model isagood fit for the data.
(c) Findtwhen S = 4.

S = 110.386t — 16.4988 + 21677, 1<t <12
4000 = 110.386t — 16.4988 + 2167.7

0 = 110.386t — 16.4988 _ 1832.3

0 = 110.386t> — 1832.3t — 16.4988

| —(-1832.3) + |/(~1832.3)° — 4(110.386)(~16.4988)
2(110.386)

18323+ \/3,357,323.29 + 7284.9461472
220.772
t = 1832.3 + /3,364,608.23615

220.772
16.61, -0.01

0

t
Since t = —0.0Lisnot in the domain of the model, t =~ 16.61.
In 2016, the average MLB player salary will exceed $4 million.
89. False. An equation can have any number of extraneous solutions. For example, see Example 7.

90. False. Consider |x| =0=x=0.

91. (a) Thedistance between (1, 2) and (x, —10) is13. (b) The distance between (-8, 0) and (x, 5) is13.
J(x-1) +(-10-2) =13 (x+8)° +(5-0)° =13
(x—1)2+(—12)2=132 (x+8)2+52=132
X2 —2x+1+144 =169 X2 +16x + 64 + 25 =169
X2 —2x-24=0 x*+16x—-80=0
(x+4)(x-6)=0 (x+20)(x-4)=0
X+4=0=>x=-4 Xx+20=0 = x=-20
X-6=0=>x=6 X—-4=0 = x=4
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92. X++/X—a=h, x=20
20++20-a=b

Onesolutionisa=19 and b=21. Another solutionis
a=b=20.

93. Dividing each side of the equation by x loses the solution
x =0. The correct method isto first factor:
x*—25x=0
x(x*-25)=0
x=0
x> =25
x=15

2 1 2 1

B e Xz (-2 (x+2) (x-2)(x-])

2(x-1) (x+2)

94. (a) The expression represents the volume of water in the
tank.

(b) Solve the equation for x and substitute that value
into the expression x3to find the volume of the cube.
8 3 16 9 25

9B —F—="—F—=—
3Xx 2x 6x 6x 6x

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

2(x-1)—(x+2)
(x=2)(x+2)(x-1)
X—4
(x=2)(x+2)(x-1)

B 2z-3(z+2)z+2(z+2)

a z(z+2)

 22-37-62+2z+4
z(z+2)

37 -2z+4

- z(z+2)

98. 25y +% — 25y? (EJ
Xy

=125(1j, y#0
X

99. x?-22x+121=0

(x-11)°=0
x=11

100. x(x—20)+3(x—-20)=0

(x+3)(x-20)=0
x=-3, 20

Section 2.6 Solving Inequalities Algebraically and Graphically

1. double

2. —as<x<a

3. X<-a,x=a

4. zeros, undefined values

5. Theinequalities x—4<5and x>9 are not equivalent.
The first smplifiesto Xx—4<5=x<9, whichisnot
equivalent to the second, x> 9.

6. The Transitive Property of Inequalitiesis as follows:
a<bandb<c=ax<c.

7. x<2
Matches(d).

8 x<2
Matches (a).

9. -2<Xx<2
Matches (f).

10. -2<x<2

Matches (b).

11, -2<x< 2

Matches (€).

12. -2<x<2

Matches (c)-
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13. 5x-12>0 3-X
15. -1 <1
@ x=3 <
? =-1
5(3)-1250 @ x
23-(-1)2
3>0 -1< 2 <1
Yes, x=3 isasolution.
b x=-3 -1<2<1
- No, x=-1 isnot asolution.
2
5(-3)-12>0 () x=+5
— ?23-.57?
27/{0 | 123 JESl
No, x=-3 isnot asolution. 2
_5 —
(€ x=3 L1325 */531
5(2) 1220 ?
2) 14> 3_\/5
Note: ~(0.382
>0 2
Yes, ng isasolution. Yes, )(:\/g is asolution.
(d x=2 () x=1
? ?3_1’)
5(%) -12>0 —1<7<1
-2 X0 -1<1<1
No, x=2 isnot asolution. Yes, x=1isasolution.
d x=5
14, -5<2x-1<1 29_5?
—1<ﬁ31
@ x=2 2
, , ~1<-1<1
-5<2(2)-1<1 No, x=5 isnot asolution.
~5<3xl 16. |x-10/23
No, x = 2isnot asolution. (@ x=13
b) x=-2 ?
® [13-10/>3
? ?
—5<2(—2)—1S1 |3|23
-5x -5<1 Yes, x=13 isasolution.
No, x = —2isnot asolution. (o) x=-1 ]
(© x=0 |—1—10|23
? |-11>3

~5<2(0) - 1<1 _ _
Yes, x=-1 isasolution.

-5<-1<1 (C) X =14

Yes, x = Oisasolution. |14_10|;3
1
(d x = 5 |4|23
” 1 2 Yes, x=14 isasolution.
-5< 2(—5) -1<1 (d x=8
5<-2<1 |8-10/>3
1. ] |—2|23
Yes, x = ——isasolution. . )
2 No, x=8 isnot asolution.
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17.

18.

10.

20.

21.

22.

23.

24,

6x > 42

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

4X+7< 3+ 2X
2x< -4
X< -2

A}

7

-4 -3 =2

3X+1>22+Xx
2x>1

1
x>1

L a

20-x) <3x+7
2-2x< 3+ 7
-5x < 5
x> -1

—t
) -1

> 0

2x+7<3(x-4)

2X+7<3x-12
19<x= x>19

+

3+2Zx>x-2

21+ 2x>7x-14
35> 5x
7> X
x<7

s~
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25.

26.

27.

28.

29.

30.

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

—p——3
-2 -1 0 1 2 3

-8<-3x+5<13
-13<-3x<8
22x>-2

8 3
—3<X=3

)

i
S|

t > X
-3-2-1 0 1 2 3 4 5

—8S1—3(x—2)<13

—-8<1-3x+6<13

-8<-3x+7<13
-15<-3x<6

5>2x>-2=-2<x<5

x

h |
4
-1 0 1 2 3 4 5
0<2-3(x+1)<20
0<-3x-1<20
1<-3x<21
—32X>-T=-T<x<-3

N~
[S SRS

-8 -7 =6 -5 -4 -3 =2 -1 0

2x—3

-4< <4

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

X+3

0< <5

0<x+3<10
-3<x<7

7
-4-3-2-1 012 3 4567
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31. 5-2x=>1
-2x=-4
x<2
6
36.

-9 9
-6
32. 20<6x-1

X><

6

-9 —K

-6

33 3(x+1)<x+7
3X+3<x+7
2x<4
xX<2

6

37.

(b) y<0
2x-3<0
2x<3

x<3

6

e

-5 el

-2

Using the graph, () y<5 for x<6, and (b) y=0 for

xz-3
Algebraicaly:
@ y<5
2x+1<5
2x<4
X<6
() y20

-2

Using the graph, (8) —1<y<3 for 2<x<3, and (b)

y<0 for x>£.
Algebraicaly:
(8 -1<y<3

-1<-3x+8<3
-9<-3x<-5
32x22=>3<x<3

-5

Using the graph, (@) y=1 for x>2 and (b) y<O0 for
x<3
Algebraicaly:
@ y=1
2x-321
2x=4
X2
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38.

39.

41.

42.
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N

-2

Using the graph, (a) 0<y<3 for -2<x<4 and
(b) y=0 for x<4.
Algebraicaly:
(& 0<y<3

0<-1x+2<3

—2<-2x<1

4>2x2-2=-2<x<4
(b) y=0

-1+x+220

222X

4>2x=>x<4
|5x|>10

Bx<-10or 5x>10
X<-20r XxX>2

|x-7|<6
~6<x-7<6
1<x<13

13
k|

T

4 4 x
t 7
0 2 4 6 8 10 12 14

|x—20/>4
Xx—20>4 or x-20<-4
X> 24 or x<16
L W x
4 T T T N
14 16 18 20 22 24 26
X-3 55
2
|x-3 210

X—3>2100rx—-3<-10
x=>13 or X<-=7

=7 13

-9-6-3 0 3 6 9 1215

44,

45.

46.

47.

|x+14/+3>17

|x+14|>14
X+1l4<-140or x+14>14
x<-28 or x>0

h | 4 4 4 E
1 t t t T
-35-28-21-14 -7 0 7

10/1-x <5

[1-x <2

1 1
_E<1_X<3

&L o

3[4-5x<9
|4-5x<3
-3<4-5x<3
—7<-5x<-1
I>x>3

1 7
< X<g

~e i

-1

Graphicadly, () y<2 for 1< x<5 and (b) y>4 for
Xx<-lorx=7.

Algebraicaly:
@ ys<2
|x-3<2
—2<x-3<52
1<x<5
(b) y=4
|x—3 =>4
X-3<-4 or x-32
Xx<-1 or xX=7
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48.

49.

50.

51.

52.

53.

yopred

—4

Graphically, (a) y<4 for -10<x<6 and (b) y=1 for
x<—4orx=0.
Algebraicaly:
@ y<4
Ex+1<4
-4<1x<4
-5<1x<3
-10<x<6
(b) y=1
Ex+q21
2x+1<-1 or $x+121
ix<-2 or 2x20
X<-4 or x>0

The midpoint of theinterval [ -3, 3] is0. Theinterval

represents all real numbers x no more than three units
from O.

|x—qs3
|x|£3

The midpoint of theinterval (—1, 1) is0. Thetwo

intervals represent al real numbers x more than one unit
from 0.

|x—q>1
|x|>1

The midpoint of theinterval (-5, 3)is —1. Thetwo

intervals represent all real numbers x at least four units
from —1.

[x-(-1)|= 4
|x+1]> 4
The midpoint of the interval (4,10)is7. Theinterval

represents all real numbers x |ess than three units from 7.
|x-7|<3

All real numbers less than 10 units from 6
|x—6|<10

All real numbers no more than 8 unitsfrom -5
|x+ 5| <8

55.

56.

57.

58.

59.

All real numbers more than 3 units from —1
|x +1| >3

All real numbers at least 5 units from 3
|x—3| >5

x> —4x-5>0
(x=5)(x+1)>0
Key numbers: -1, 5
Testing theintervals (—e, —1), (-1, 5) and (5, ), we
have x* —4x—5>00n (-, —1) and (5, o).
Similarly, x*-4x—-5<0o0n (-1, 5).

x2-3x—4>0
(x—-4)(x+1)>0
Key numbers: -1, 4
Testing theintervals (—es, —1), (-1 4), and (4,
have x* —3x—4>00n (—es, —1) and (4, o).
Similarly, x*-3x—-4<0o0n (-1, 4).

o), we

2x2 —4x-3>0

Key numbers: x=

4416+ 24 +J—
=l

Testing the intervals

1_£J {1_£ " £]

2 2

J10

1+T' ooJ, you have 2x*> —4x-3>0 on

o,

1-—, 1+ —] Similarly, 2x? -4x-3<0

AR

on|—oo, 1—— |U| 1+——,
2 2

© 2016 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 26" | Solving-Inequalities Algebraicallyand Graphically 195

60 -2 +Xx+5=0 64, & Bx19<16
- 20-x-5=0 X2 —6x-7<0
1£1-4(2)(-5 x+1)(x-7)<0
Key numbers. x= 22( ) )zli;/ﬂ ( )( )
( ) Key numbers: x=-1, x=7
Test intervals:
[_m l_ﬂ] [l_ﬂ l+ﬂ] and Testintervals: (-, —1)= (x+1)(x-7)>0
IS (-1 7)=(x+1)(x-7)<0
[1 s w] (7, =)= (x+1)(x=7)>0
‘e Test: Is (x+1)(x-7)<0?
2x*~x-=5>0 on [—oo E_E] and Solution set: (—1. 7)
4 4
- .
[%ﬂwJandzx Xx—5<0 on 20 2 4 6 s
65. x+2)° <25
1_Jal 1 ) (x+2)
4 4 Z 4 X2 +4x+4<25
x> +4x-21<0
61. There are no key numbers because —x* + 6x—10# 0. The (x+7)(x-3)<0

i i —00, 0o _x? —
only test interval is (—es, o). —x*+6x-10<0 for al x. Key numbers x=—7, x=3
62. There are no key numbers because 3x? + 8x + 6 # 0. Test intervals: (_oo, _7), (_7, 3), (3, oo)
The only test interval is (—co, o). 3x* + 8x + 6 > Ofor

Test: Is (x+7)(x-3)<0?
all real numbers x.

Solution set: (-7, 3)
63. XC+4x+4>9

-7 3
x> +4x-520 _; (—(; D 2); x
(x+5)(x-1)=0
Key numbers: x=-5, x=1 66. (X 3) =
-321 or x-3<-1
Testintervals: (—, —5), (-5, 1), (1, ) x> 4 x<2
Test: Is (x+5)(x—1)>0? ] : .
0 1 2 3 4 5
Solution set: (—ee, —5]U[1, =)
67. X -4x2 =20
6-5-4-3-2-1 0 1 2 ' XZ(X—4)20

Key numbers: x = 0,x = 4
Testintervals: (—co, 0), (0, 4), (4, =)
Test: Is x*(x — 4) > 0?

Solution set: x = 0, X = 4and
(4,00) = x =0 U [4 )
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68.

69.

70.

71.

X -3x* <0
xY(x-3) <0
Key numbers: x = 0, x = 3

Testintervals: (—ee, 0), (0, 3), (3, =)

Test: Is x*(x — 3) < 0?

Solution set: (-0, 0), x = 0, (0, 3), and
X =3= (—,3
1 X
}
1 2 3 4 5
2x3+5x2 -6x—-9>0

(x+1)(x+3)(2x-3)>0
Key numbers: x=-3, x=-1, x=3

(- %)(*)

Test intervals: (-, 3),
Test: Is (x + I)(x + 3)(2x -3

1. (3 =)

Solution set: (-3,

e

0O 1 2 3 45

2x*+3x° -11x-6<0
(x=2)(x+3)(2x+1)<0
Key numbers: x=-3, x=—%, x=2
Testintervals: (e, -3),(-3,-3),(-1,2), (2. )
Test: Is (x — 2)(x + 3)(2x + 1) < 0?

Solution set: (—eo, —3), (-4, 2)

4~M\—

\ }
-6 -5 —4—1 -2-1 0 1

x*—3x* —x>-3
x*-3x*—x+3>0
x*(x-3)—-(x-3)>0
(x=3)(xX*-1)>0
(x=3)(x+1)(x-1)>0
Key numbers; x=3, x=-1 x=1
Testintervals: (—eo, —1), (-1 1), (1, 3), (3 =)
Test: Is (x—3)(x+1)(x-1)>0?
Solution set: (-1, 1), (3, )

L
\
-1 0

F————
1 2 3 4

72.

73.

74.

75.

76.

2x3+13x* —8x—46>6
2x*+13x* -8x-52>0
x*(2x+13)-4(2x+13) 20
(2x+13)(x*-4)=0
(2x+13)(x+2)(x-2)=20
Key numbers: x=-£, x=-2, x=2
Testintervals: (—o, —£), (-£,-2), (-2 2), (2, =)

Test: Is (2x+13)(x+ 2)(x—2)20?

Solution set: [-£, 2], [2, e
_13

" % 1 . F ¢
L 4 ' L :

8 6 -4 -2 0 2 4

3x?-11x+16<0

Since b® —4ac=-71<0, there areno real solutions of
3x*—11x+16=0. Infact, 3x* —11x+16 >0 for all x.
No solution

4x% +12x+9<0
(2x+3)°<0
2x+3=0

=_3
X==3

4x2 —4x+1>0
(2x-1%*>0

Key number: x = %

Test intervals: ( oo }J G ooj
2)\2

Test: Is (2x - 2)° > 0?

Solution set: ( ) 1), (}, ooj
2)\2

x?+3x+8>0

Because x°+3x+8=0, there are no real key numbers.
x® + 3x + 8 is always positive.

Solution set: al rea numbers x

X
-4 -3-2-1 0 1 2 3 4
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77. (@ f(x)=g(x) whenx=1 (b) y=36
x*—x* —16x+16 > 36

x}—x*-16x-20>0
(x+2)(x-5)(x+2)=20
y=>36 whenx=-2, 5< X < oo,

(b) f(x)=g(x) whenx=>1.
(¢ f(x)>g(x) whenx>1.

78. (@ f(x)=g(x) whenx=-1orx=3.
(b) f(x)=g(x) whenx<-lorx=3. g1 L1 x>0
(¢ f(x)>g(x) whenx<-Lorx>3. X
l_X2>0
79. y=-x*+2x+3 X

Key numbers: x=0, x==%1
Testintervals: (—, —1), (-1 0), (0, 1), (1, =)

_2
//\ . Test: 1s X507
X

NI

-2 Solution set: (—es, —1)u(0,1)
Using the graph, (a) when x<—1or x> 3 and o S
(b) y>3when 0< x<2. B
Algebraicaly: 1
(@ —x*+2x+3<0 82. —-4<0

X

2

X" —-2x-320 1—4x 0

(x-3)(x+1)=0 x

Key numbers: x=-1, x=3
Testing the intervals(—ee, —1), (-1, 3), and (3, <),

you obtain x<-1orx>3. 1 1
(b) —x*+2x+323 Testintervals: (=, 0), (0, zj' (Z' “j
—X*+2x20 _
o< Test: 1s =% < 02
-2)<0 . 1
x(x-2) Solution set: (—e, O)u(—, ooJ
Key numbers; x=0, x=2 4

-~

Testing theintervals (—e, 0), (0,2) and (2, =),

you obtain 0< x<2.

X+6

80. y=x*-x*-16x+16 83. 270 o<
X+1
48
x+6—2(x+1)SO
/\ x+1
f\ 4—x
-10 10 SO
,ll WS X+1

-24

Using the graph, (@) y<0 when
—o< X<—4and1<x<4, and (b) y=36 when

Key numbers: x=-1, x=4
Testintervals: (—eo, —1), (-1, 4), (4, )
4—X

X=-2and 5< X< oo, Test: Is <0?
Algebraically: x+1
(@ y<o Solution set: (—eo, —1) [ 4, <)
x*—x*-16x+16<0 \ .
x2(x-1)-16(x-1)<0 20123 45

(x-1)(x*-16)<0

y<0 when —o<x<—4, 1<x<4
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84, X+12 330 8. y=—>
X+2 X +4
X+12-3(x+2) 50 .
X+2
6—2x >0 -6 6
X+2
Key numbers: x=-2, x=3 -4
Using the graph, y=1when 1< x<4 and y<0 when
Testintervals (—=, —2), (-2, 3), (3, =) g fhearepn. ¥ Y
—o0 < X< 0.
Test: 1s 872X 5 02 Algebraically:
X+2 @ y>1
Solution set: (-2, 3] 5 o,
. . X2+4
2 1 0 1 2 3 5X—(X2+4)
—w.a 20
3x X" +4
85. y=
XX+4
8
Key numbers: x=1, x=4
— Testintervals: (—eo, 1), (1 4), (4, <)
- 2 x—4)(x—1
Tes: 1s P Lo
4 X +4
Using the graph, (a) y<0 when 0< x < 2 and (b) Solution set: [1, 4]
y=26when2<x<4. (b) y<0
Algebraicaly: 5x <0
@ y<0 X4
3x <0 Key number: x=0
x=2" Testintervals: (—e, 0), (0, o)
Key numbers: x=0, x=2 5x
: <0?
Testintervals (—<=, 0), (0, 2), (2, o) Testls o 3=
et 1s - <07 Solution set: (—ee, O]
X—2
Solution set: [0, 2) 87. Jx-5
(b) y>6 Xx—-520
X=5
3x ~6 _
X_2 Domain: [5, e)
3x—6(x—2)
X—-2 20 88 V6x+15
—3x+1220 6x+15>0
X=2 6x > —15
Key numbers: x=2, x=4 5
i . > =
Testintervals: (—o, 2), (2, 4), (4, =) X=3
L —3x+12
Test Is —-5207 Domain: [_g wj

Solution set: (2, 4]
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89. /X% + x+12

90.

91.

92.

-x2+x+122>0

x> -x-12<0
(x-4)(x+3) <0
Key numbers: x = -3, x = 4

Testintervals: (—e0,-3) > 0

(-34) <0
(4,) >0
Domain: [-3, 4]
V2x? -8
2x* -82>0

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

Key numbers: x = -2, x = 2

Testintervals: (—eo, —=2) > 0
(-2,2) <0
(2,) >0

Domain: (—eo, —=2] U [2, )

3% — 20x — 7

3x?—20x-720
Bx+1(x-7)=20

Key numbers. x

Il
|
Wik
<
Il
\'

N
o

~ Wik
Ne— ~—

Domain: (—oo, —ﬂ U [7, )

2% + 4x + 3
2x2 +4x+320

There are no key numbers.
Testinterval: (—eo, o) > 0

Domain: (—ee, c)

Section 26" | Solving-Imequalities Algebraicallyand Graphically 199

93. (&) Findtwhen P(t) = 450. Using the graph,

(b)

P(t) = 450 at about t = 5. So, in 2005, the
population was 450,000.

Find theinterval of t when P(t) < 450. Using the
graph, P(t) < 450for 0 < t < 5.So, from 2003 to
2005, the population was less than 450,000.

Find theinterval of t when P(t) > 450. Using the
graph, P(t) > 450for 5 < t < 12. So, from 2005
to 2012, the population was greater than 450,000.

94. (a) Findtwhen P(t) = 400. Using the graph,

(b)

9%. (@

(b)

%. (@

(b)

P(t) = 400 at about t = 9.So, in 2009, the
population was 400,000.

Find theinterval of t when P(t) < 400. Using the
graph, P(t) < 400for 9 < t < 12. So, from 2009 to
2012, the population was less than 400,000.

Find theinterval of t when P(t) > 400. Using the
graph, P(t) > 400for 3 < t < 9. So, from 2003 to
2009, the population was greater than 400,000.

s=-16t° +V;t +5,
s=-16t* +160t
s=16t(10-t)
s=0 whent =10 seconds.
s=-16t*+160t > 384
16t? —160t +384 <0
16(t-6)(t—4)<0
Key numbers. t =6, 4
s>384 when 4<t<6.
s=-16t%+vt+s,
=-16t> + 128t
=16t(8-t)
t =8 seconds
—16t% +128t <128

16t* —128t +128 >0
Key numbers: t =1.17, 6.83

(0,1.17), (6.83, 8)
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97. D = 0.0743t*> + 0.628t + 426L,0 <t < 22

(a) 100

/

(b) The number of doctorate degrees was between 50 and
60 thousand for about 6 < t < 11, or (1996, 2001).
(c) 50 < 0.0743t? + 0.628t + 42.61 < 60
Find the key numbers.
50 = 0.0743t% + 0.628t + 42.61
0 = 0.0743t2 + 0.628t — 7.39
and
0.0743t? + 0.628t + 42.61 = 60
0.0743t? + 0.628t - 17.39 = 0
Key numbers: t = 6.6,t = -15.1,t = —20.1and
t =116
Note: t = =151 and t
domain.
Solution set: 6.6 < t < 11.6, which corresponds
to (1996, 2001)

—20.1 arenot inthe

100. W(t) < 600
~2.92t? + 52.0t + 381 < 600

—2.92t2 + 520t — 219 < 0
Key numbers. t = 6.83, t = 10.97

After testing theintervals, t < 6.83and t > 10.97.

98. (a) and (b)

350

100 |———————[ 300
0

(c) For y=>200, x>181.5 pounds
(d) The model isnot accurate. The data are not linear.

Other factors include muscle strength, height,
physical condition, etc.
In Exercises 99-102, use the following equations.
Bed Bath & Beyond: B = 865t + 342,0 <t £ 13

Williams-Sonoma:
W = —-292t? + 520t + 381,0 < t < 13

99. B(t) > 900
86.5t + 342 > 900
86.5t > 558

t>65

During the year 2006, there were at |east 900 Bed Bath &
Beyond stores.

From 2000 to 2006 and 2011 to 2013, there were at most 600 Williams-Sonoma stores.

101. B(t) = W(t)
86.5¢ + 342 = —2.92t% + 52.0t + 381
2922 + 345t -39 =0

t = 1.04,t = —12.85 (not in the domain of the models)
In 2001, there were about the same number of Bed Bath & Beyond stores as Williams-Sonoma stores.

102. B(t) > W(t)
86.5t + 342 > —2.92t? + 52.0t + 381
292t + 345t -39 =0
t >1.04

Note: t = —12.85 isnot in the domain.

During the year 2001, the number of Bed Bath &
Beyond stores exceeded the number of Williams-
Sonoma stores.

103. When t =2: v = 333vibrations per second.

104.For v =600, t=3:6"mm:

105. When 200 < v < 400,
1l2<t<24.

106. For t <3, 0< v<500.
107. Fase. If —10<x<8, then 10>-x and —x<-8.
108. True. £x* +3x+6>0 for al x.

109. False. Cube roots have no restrictions on the domain.
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110. (iv) a<b 113. y=12x
(||) 2a<?2b x=12y
(iii) 2a<a+b<2b i—y
(i) a< a; b _p 12
a0y X
111. (8 When solving thisineguality, you do not f (X) 12
need to reverse the inequality symbol. So, in the
solution, the symbol will be <. Matches (iv). 114. y=5x+8
(b) When solving thisinequality, you need to reverse the x=5y+8
inequality symbol. So, in the solution, the symbol x—8=5y
will be >. Matches (ii). 1
() When solving thisinequality, you will use a double =(x-8)=y
inequality that results in a bounded interval. Matches > 1
(iii). f*(x)==(x-8)
(d) When solving thisinequality, you will use two 5
separate inequalities. The solution will contain two T
unbounded intervals. Matches (i). 115. y=x+
X=y>+7
112. (a) Thepolynomia equalszeroat X = aandat X = b. X—7=y*
(b) f(x) > Oontheintervals (—e, a) and (b, =), Ix—7=y
and f(x) < Oontheinterval (a, b). f7(x)=¥x-7
When X < aor x > b, thefactors have the same
. . . 116. y=3y-7
sign so the product is positive. When a < x < b,
the factors have opposite signs so the product is x=3y-71
negative. X=y-7
(c) The polynomial changes signs at the critical numbers X+7=y
X =aand X = h. -1 X)=X3+7

117. Answers will vary. (Make a Decision)

Section 2.7 Linear Models and Scatter Plots

1. positive 6. (a) y
16T
2. regression or linear regression £t g % O
< 124
3. negative E 1ot o’
2 8+
= o
4. No. The closer the correlation coefficient |r| isto 1, the s ‘1 ¢
better the fit. g a2l
———————t—>x
5. y 2 4 6 8 10121416
(a) Score on first quiz
» 60T
B :i ol . H (b) No_. Quiz scores are depe_ndent on severa
TS o4l e variables, such as study time, class attendance, etc.
> @ [ 4
£ 01e® 7. Negative correlation
S 2 207e

0l 8. No correlation

X

R .
12 3 4 9. No correlation

Years of experience

10. Positive correlation
(b) Yes, the data appears somewhat linear. The more
experience x corresponds to higher salesy.
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11. (a) and (b)

- W A
PN
+—t—+—+

—t—t— —t—t—
-4 -3 -2 12 3 4

(¢) Usingthepoints (1, 1) and (4, 4), an equation of
thelineis y = x.

12. (a) and (b)

(c) Using the points (0, 0) and (1, —2), an equation of
thelineis y = —2x.
13. (@) and (b)

Yy

+—+—+ L m— — X
-3 -2 -1 1 2 3 4 5
-1
-2

(c) Using the points (0, 2) and (-2, 1), an equation of

thelineis y = %x + 2.

14. (a) and (b)

(c) Using the points (2, 3) and (3, 2), an equation of
thelineis y = —x + 5.

15. (a) and (b)

y

(¢) Using the paints (0, 7) and (6, 0), an equation of
thelineis y = —£x + 7.

16. (a) and (b)

y

—t—t—t———>x
4*]234567

(c) Using the points (3, 4) and (5, 6), an equation of
thelineis 'y = x + 1.
17. y=0.46x+16

@ o
-4 -‘J”-“/ 5
-1
(b)
X -3 -1 0 2 4
Linear equation 022 | 114 | 16 | 252 | 344
Given data 0 1 2 3 3

The model fits the data well.
18. y=-1.3x+28

@ !

R

*,
-2
(b)
X —2 -1 0 1 2
Linear equation 54 41 | 28 | 15 0.2
Given data 6 4 2 1 1

The model fitsthe datafairly well.
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19. (a) d 20. (&) and(c)
é 71 ° 400
E o7
£l °
; 4T ° /‘/
R
é? ut ° 0 15
g 0
o bttt F
20 40 60 80 100 The model fits the data well.

Force (in kilograms)

(b) d=0.07F-0.3 ;
(c) d=0.066F or F =15.13d + 0.096 )
(d) If F=55,d=0.066(55)~ 3.63 centimeters.

(b) S =1528 + 1458
For 2020,t = 20 and
S = 15.28(20) + 145.8
= 451.4 million subscribers.
Answerswill vary.

21. (a) and (c)

400

0 15

The model fits the data well.
(b) V =228 +1238
(d) For2015, t = 15and V = 22.8(15) + 12.8 = $354.8miillion.
For 2020, t = 20and V = 22.8(20) + 12.8 = $468.8 million.
Answerswill vary.
(e) 22.8; The slope represents the average annual increase in salaries (in millions of dollars).

22. (a) and (c)

80

d—Ff*_FJF'FJ_.d.r-F'J

0 12
0

The model fits the data well.
(b) S =161 + 39.6
(d) For2020,t=20and S = 1.61(20) + 39.6 = $71.8 thousand.

For 2022, t = 22and S = 16.1(22) + 39.6 = $75.82 thousand.
Answerswill vary.

23. (@) and (c)

9000

ol . . .. . ... ... .
8400

(b) P =373 + 8416

@ [vear 2008 | 2009 | 2010 | 2011 | 2012 | 2013
Actud | 8711 | 8756 | 8792 | 8821 | 8868 | 8899
Model | 87144 | 87517 | 8789 | 8826.3 | 8863.6 | 8900.9

The'model fits the data well.
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(e) For 2050, t = 50and P = 37.350) + 8416 = 10,280.8 hundred people or 10,280,800 people.

Answerswill vary.

24. (a) and (c)

600

oll. . ...« .. .. .. . .
540

(b) P = 59t + 506

(d)

Y ear 2009 2010 2011 2012 2013
Actual 560 564 568 577 583
Model 559.1 565 570.9 576.8 582.7

The model fits the data well.

(e) For 2050, t = 50and P = 5.9(50) + 506 = 800.5thousand people or 800,500 people.

Answerswill vary.

25. (8 y = 45.70x + 108.0
(b) 250

27. (3

(b) The negative slope means that the winning times are

T = -0.015t + 4.79

r

i

—-0.866

generally decreasing over time.

(© 52
N
150 o,
(c) The slope represents the increase in sales due to e Toran e
increased advertising. =
0 B 2170
(d) For $1500, x = 1.5, and 36
y = 45.70(1.5) +108.0 = 176.55 or $176,550. (d) Year 1956 | 1960 | 1964 | 1968 | 1972
2. (3) 10 Actual | 491 | 484 | 472 | 453 | 4.32
) : A Model | 470 | 464 | 458 | 452 | 4.46
a Year 1976 | 1980 | 1984 | 1988 | 1992
d " Actual | 416 | 415 | 412 | 406 | 412
1440 Model | 440 | 434 | 428 | 422 | 4.16
The first three points and the last four points are
approximdyﬁ’ﬁm P Year | 1996 | 2000 | 2004 | 2008 | 2012
(b) T, = 97t + 908 Actual | 412 | 410 | 409 | 405 | 4.02
L =
T. = 127t + 1624 Model | 410 | 404 | 398 | 3.92 | 3.86
, =12,

© T - 97t + 908, 6<t<8
C 127t +1624, 8<t <12

1800

e

()

(f)

The model does not fit the data well.
The closer |r| isto 1, the better the model fits

the data.

No; The winning times have leveled off in recent

years, but the model values continue to decrease to
unrealistic times.

/

Sl . . . .
1440

(d) Answerswill vary.
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28. (& | =034d + 779 (iii) y=0.68x+2.7
r = 0.993 r=0.62
(b) Yes, r\ iscloseto 1. The slope is steeper than the slope of thelinein
(ii). Thelineisnot agood fit for the data, so the
(€ 20 correlation coefficient will not be dloseto 1.
/ 12
ot - - - ... .- . -.[100 . "
70 o
0 9
The datafits the model well. 0
(d) For d =112, | = 0.34112) + 77.9 = 115980r (b) Model (i) isthe best fit for its data because its

about 116 centimeters r-valueis —0.986, and therefore |r| isclosest to 1.

29. True. To have positive correlation, the y-values tend to 33. f(X)=2x*-3x+5

increase as x increases.
@ f(-)=2+3+5=10

f(w+2)=2(w+2)*-3w+2)+5
=2W +5wWw+7

30. False. The closer the correlation coefficient isto—1 or 1, b
the better aline fits the data. (0)

31. Answerswill vary.

32. (@ (i) y=-0.62x+10.0
r =—0.986 (@ 9(-2)=5(4)-6(-2)+1=33
The data are decreasing, so the slope and _ 2
correlation coefficient are negative. 0) 9(z-2)=52z-2)"-6(z-2)+1

34. g(x)=5%*— 6x+1

B =572"-26z+33
35. 6x+1=-9x-8
\kh\k»\ 15)(:_9
x=_2__3
°% ? 5 5
(i) y=041x+27 36. 3(x-3)=7x+2
r=0.973 —11=4x
The dlope isless steep than the slope of theline X:_E
in (iii). Thelineis a better fit for the data than 4
thelinein (iii), so the correlation coefficient will
be greater. 37. 8x2-10x-3=0

(4x+1(2x-3)=0

12

’_A_,.J—“"—.J—‘

38. 10x*-23x-5=0

0 (2x-5)(5x+1) =0
5 1
X=—, ——
2 5
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Chapter 2 Review

6+2%5

No, x = %isnotasolution.

(b) x=0

?
=5
0-4
632

4
52525

No, x=0 isnot asolution.

(©) x=-2

3 =
-2-4

6+

6+

6-~25
2

55#5
No, x=-2 isnot asolution.
(d x=1
3
+_
1_
6

-

6 5

I1-9

n o o

4
-1
5

Yes, x=1isasolution.
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3.

4.

2 6x+1

X+3 3
(@ x=-3

6+ 2 3 is undefined.

No, x=-3 isnot asolution.
(b) x=3

6(3)+1
6. 2 2603+
3+3 3
38219
6 3

Yes, x=3 isasolution.
(¢ x=0
6+i2 6(0)+1
0+3 3

20°21
3 3

No, x=0 isnot asolution.
2

@ x=-2

L2 26(-23)+1
(-2/3)+3 3
6+§Z—1
7
No, x=—-% isnot asolution.

X X
18 0]
5x + 9x = 630
14x = 630
X = 45
g + ; =9
7X + 2x = 126
9x = 126
X =14
5 13
x-2 2x-3
10x—-15=13x-26
11=3x
=1t
3



10 12
x+1 3x-2
10(3x—-2) =12(x+1)

30x-20=12x+12

18x =32
32 16
X=—=—
18 9
7. 14+i:10
x—-1
2 —4
x—-1
2:—4(x—1)
2=-4x+4
4x =2
1
X==
2
2

8. 10+—=4
x—1

10(x-1)+2=4(x-1)
10x-10+2=4x-4

6x=4

4 2

X=—=—

6 3
0. 6—5:6+§
X X

6x —4=6x+5

-4 %5
No solutions
1 4
10. 2 - el =2+ Z
22 —1=2x> + 4
-1# 4
No solutions
11 9x _ 4 _
3x-1 3x+1

9x(3x+1)—4(3x—1)=3(3x-1)(3x+1)
27x% + 9x—12x + 4 = 3(9x2 —1)
27x% —3x+4=27x*-3
-3x=-7

X=

W~

Chapter 2 Review

12.

5 1 2
+ =
x-5 x+5 x*-25
5(x+5)+(x—5)_ 2
x> — 25 x2-25
6x+20=2
6x=-18
X=-3

13. September’s profit + October’s profit = 689,000
Let X = September’s profit. Then
X+ 0.12x = October’ s profit.

X+ (x+0.12x) = 689,000
2.12x=689,000
x = 325,000
x+0.12x = 364,000
September: $325,000; October: $364,000
14. Let x = the number of quarts of pure antifreeze.
30% of (10— x) +100% of x = 50% of 10
0.30(10 - x) +1.00x = 0.50(10)
3-0.30x+1.00x=5

0.70x=2
2
X=—
0.70
:§:2§Iiters
7
15. (3
h
2mh
8m 75 cm
h 2 8
b =577
8 34 3
h:ﬁ:ﬂl meters
3 3

16. 12,000(0.025)+10,000x = 870
10,000x = 570
x=0.057, or 5.7%

207
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17.

18.

19.

20.

21.

22.

Solving Equations and I nequalities

F=2c+a
5
Fom2=2cC
5
5
2F-32)=cC
o )
Let F = 283.

2(28.3 -3)=C

g(-3.7) -c

-2.06 = C
The average temperature is about —2.06° C.

Basketball: 21 = 30:r—15
15\’ -
:—m — | =455.95in.
T
Baseball: 2zr = 9253r—%
V=iﬂ % =134in2
3 2w
-X+y=3

Let x=0: y=3, y-intercept: (0, 3)
Let y=0: x=-3 x-intercept: (-3, 0)

X—-5y=20
Let x=0: —-5y=20= y=-4, y-intercept: (0, —4)
Let y=0: x—5(0)=20= x =20, x-intercept: (20, 0)

y=x*-9x+8=(x-8)(x-1)

Let x=0: y=0°-9(0)+8=y=8,
y-intercept: (0, 8)

Let y=0: 0=x*-9x+8=0=(x-8)(x-1)
= x=1, 8, x-intercepts: (1,0), (8,0)

y=25-x*

Let x=0: y=25-(0)" = y=25,
y-intercept: (0, 25)

Let y=0: 0=25—-x"=(5-x)(5+x)
= x =15, x-intercepts: (5, 0), (-5, 0)
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23.

24.

25.

26.

27.

5(x-2)-1=0

2

» / ’

Solution: x=2.2

12-5(x-7)=0

10

1

Solution: x=9.4

3x% + 3 = 5x
3 -Bx+3=0

8

0
No real solution

13+4—2x

e _oxsa-o0
3
8

-4 I|I. 4

-2

Solution: x = —3.135

03x* =5x+ 2
03x* -5x-2=0

1
-2 4 ' 4

-9

Solutions: x = —0.402, 2.676
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28. 0.8x* = 05x - 5 32. y=—x+7

_9y3_
08x* —05x+5=0 y=2X"—-x+9
o 2% —X+9=-x+7

\j 23 +2=0
x*+1=0

(x+1)(x2 —x+l)=0:> x=-1

0

=y=—(-1)+7=8
No real solution (xy)=(-18)

29. 3x+5y=-7

—X—2y=3= x=-2y-3 33. 3-./-16=3-4i
3(-2y-3)+5y=7 34. /750 + 8 = 8 + 52
-y-9=-7
y=-2 35, —i + 4i2 = —i + 4(-1)
x=-2(-2)-3=1 = -4
X y)=(14 -2
( ) ( ) 36. 7i — 9% =7 -9-)
30. x-y=3 =9+ 7i
2X+y=12=y=-2x+12
37. (2+13i)) + (6 - 5) = (2 + 6) + (13 - 5)i
X—(-2x+12)=3 _
=8+8i
X+2x-12=3
3x-12=3 1 V3) (1 /3 (1 1) NEIRNE
38 [+ Y = o= | X2 Y2
3x=15 2" 4 2 4 2 2 4 "4
x=5
5-y=3=y=2 _o+ Zfi
(9)=(5 2 7
=—i
2

31 4x2 +2y =14
2X+y=3=y=-2x+3 39. 5i(13-8i) =65 —40i” = 40+65i
4x* + 2(-2x + 3) = 14

40. (1+6i)(5-2i)=5-2i +30i +12=17+28
4% —4x + 6 = 14

42 - 4x-8=0 41, (V=16 +3)(v-25-2)=(4i +3)(51-2)
X*-x-2=0 =-20-8i+15 -6
(x-2(x+1) =0 =-26+7i
Xx-2=0=>x=2 22. (5--4)(5+-4)=(5-2i)(5+2i)
y=-22+3=-1 _—
=25+
(X’ ) = (2- _1) =29
X+1=0=>x=-1
Y- 2D +3=5 43. \J-9+3+-36=3i+3+6
=3+9i
(xy) = (-15) o
44, 7-\/-8L+-49=7-9i +7i
=7-2i

45. (10-8i)(2-3i)=20-30i —16i +24i°
=446
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46.

47.

49.

50.

51.

52.

53.

55.

56.

i(6+i)(3-2i)=i(18+3i —12i +2)
=i(20-9i)=9+20i

(3+7i) +(3-7i)" =(9+42i — 49) + (9 42i - 49)

=-80

(4-i)" —(4+i) =(16-8 —1)—(16+8i —1)

=-16i
6+i 6+ - —6i-i°
i i =i —i?
=_6|+1=1—6i
A A 44
-3 3 - 3 3
3+2i .5—i _15+10i —-3i+2
5+i 5-i 25+1
w7,
26 26
1-7i '2—3i _2-21-17i
2+3 2-3i 4+9
1017,
13 13
9x? = 49
=
9
x =+ B
9
X =+l
3
8x = 2x2
0 = 2x> — 8x
0= 2x(x — 4)

2x=0=x=0
X—-4=0=x=4

6X =3x?
0=3x>-6x
0=3x(x-2)

AX=0=>x=0
X-2=0=>x=2

16x* =25

2_25
X_16

© 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

57. x*-7x-8=0

(x-8(x+1) =0
X-8=0=x=38
X+1=0=x=-1

58. x*+3x-18=0
(x+6)(x-3 =0

X+6=0= X

o
w |
(o2}

XxX-3=0= X

50. (x+4) =18

x+4=i\/ﬁ
x=—4+32

60. (x+1)" =24

x+l=i\/ﬂ=i2\/g

x=-1+2./6
6l (3x-1)*+4=0
(3x-17% = -4

X -1=+./-4
X-1==2

3X =1+ 2i

x=1igi

373

62. (5x—3)° +16=0
2

(5x — 3)" = -16
5x - 3 =1./-16
5x — 3 = +4i

5x = 3+ 4i
x:gigi

63. X>+4x-9=0

XX +4x+4=9+4

(x +2)* =13
X+ 2 = +/13
X =-21+/13



64. x> -6x-5=0
x> -6x=5

X —6X+9=5+9

(x-3° =14
X —3=+/14
X =3+ /14

65. x*-12x+30=0
x? —12x=-30
x* —12x+36=-30+36
(x-6)° =6
X-6=%/6
X=6++/6

66. x°+6x-3=0
b e
2a
-6+,/67 - 4(1)(-3)
B 2(1)
_ 6448
2
=-3+23

67. x2 —3x =28

X2 -3x-28=0

(x=7)(x+4) =0
X-7=0= X
X+4=0= X

([
| N
N

68. X2 + 3x = 40

x> +3x-40=0

(x-5)(x+8 =0
X-5=0=x=5
X+8=0= x=-8

69. x> —10x = 9
X2 —10x+25 =9+ 25
(x-5)° = 34
X—5=+/34
x=5+/34
70. X2 +8x =7
x> +8x+16=7+16
(x + 4)* = 23
X+ 4 = +/23
X=p=4 £</23

71.

72.

73.

74.

75.

76.

Chapter 2 Review

2x* +9x-5=0
(2x-1)(x+5)=0
2x-1=0=> x:1
2
X+5=0=>x=-5
4x* +x-5=0
(4x-5)(x-1)=0
4x+5=0=> x:—E
4
X-1=0=x=1
-x*-x+15=0

x?+x-15=0

—b++/b*-4ac

2a

_ —1,/1-4(-15)

2
_ -1+4/61
2

X=

-x2-3x+2=0

X2 +3x-2=0

-3+t+9+8
2

-3+ 17

2

X2 +4x+10=0

_ —bt+/b’—4ac
2a

~4+./16-40
2
—4+-24

2
—2+./6i

x?+6x-1=0

e —b++/b?-4ac

2a
-6+,(6)° —4(-1)

X

2
—6++/40
2
=-3+.10

211
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77. 2x*-6x+21=0

_ —b*+b?-4ac

2a

_ 6++/36-168

4

_6+4/-132

4
_3,30%,

2 2

78. 2x*-8x+11=0

e —b++/b*-4ac

80 (a) 10,000

(b) In 2010, the revenues reached $4 billion dollars.

(c) 4000 =
0

t =

t

0

86.727t> — 839.83t + 2967.9
86.727t% — 839.83t — 1032.1

~(-839.83) + +/(-839.89)° - 4(86.727)(-1032.1)

2(86.727)
—1.10 (not in the domain of the model), 10.79

In 2010, the revenue reached $4 hillion.
(d) 10,000 = 86.727t> — 839.83t + 2967.9
0 = 86.727t%> — 839.83t — 7032.1

t

U

79.

~(~839.83) + +/(-839.83)° — 4(86.727)(~7032.)

2(86.727)
—5.38 (not in the domain of the model), 15.07

In 2015, the revenue will reach $10 billion.

2000

@

11

1000

(b) In 2008, the average cost per day reached $1800.
(c) 1800 = —0.54t? + 82.6t + 1136
0 = —0.54t? + 82.6t — 664

| —(826) + \(826)° — 4(~0.54)(~664)
2(-0.54)
8.51,144.45 (not in the domain of the model)

,_..
|

t

i

In 2008, the average cost per day reached $1800.
(d) Answerswill vary.
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8l. 3x*-26x*+16x=0
X(3x* —26x+16) =0
X(3x—2)(x—8)=0
x=0
x-2=0= x=g
3
Xx-8=0=>x=8
82. 36x> - x=0
x(36x° ~1)=0
x(6x+1)(6x-1)=0
x=0

6Xx+1=0=> x:—l
6
6x-1=0=> x=1
6

83. 5x*-12x*=0

x*(5x-12)=0
x*=0 or 5x-12=0
x=0 x=%2

84. 4x*-6x*=0

x*(4x—-6)=0
x*=0= x=0
4x-6=0=> x=2

85. x*-x*-12=0
(x2 —4)(x2+3)=0

xX*-4=0 or x*+3=0
X2=4 XZ:—3
X=+J4 =42 X=+/3i

86. x*-4x*-5=0
(x*-5)(x*+1)=0
x*-5=0 o x*+1=0
X’ =5 x*=-1

x=+5 X =4J-1 =4

87. 2x* —22x? +56=0
(x2—4)(2x2—14)=o

X*—4=0 or 2x*-14=0

X =4 2x* =14

X=14 =42 X =7
X=+7
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88.

89.

90.

91.

92.

Chapter 2 Review 213

3x*+18x2+24=0
x*+6x*+8=0

(x2 +4)(x2 +2) =0

X2 +4=0 or x*+2=0
X* =4 X2 =-2
X=1y-4 =12
X+4=3

( x+4)2=(3)2
X+4=9

Xx=5
X-2-8=0
JX-2=8
X—2=64
X =66
2X-5/x+3=0
2% + 3 = 5J/x
(2x + 3 = (5\&)2

4% + 12x + 9 = 25x

4> —13x+9=0

(4x-9(x-1) =0

4x-9=0= x = 9
4
X-1=0=x=1
\N3X=2=4-x
3x-2=(4-x)’
3x-2=16-8x+ X
0=18-11x+x?
0=(x-9)(x-2)
0=x—-9= x=09, extraneous
0=Xx-2=>x=2

X=4/-2 =+/2i
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93. 2x+3+x-2=2 a7.
(o) = (o2
2X+3=4—4fx-2+x-2
X+1=—-4yx-2
(x+1)2:(— x—2)2
X2 +2x+1=16(x-2)
x? —14x+33=0
(x-3)(x-11)=0
X =3, extraneousor x =11, extraneous

No solution (Y ou can verify that the graph of
y=42Xx+3++/x—2 -2 lies above the x-axis.) 98.

9. 5Jx —JXx-1=6
5x =6++/x-1
25x = 36+12\/E+ x-1
24x-35=12/x-1
576x” —1680x +1225=144(x-1)
576x* —1824x+1369=0

~(-1824)+(~1824)" - 4(576)(1369)

X=

2(576) 09,

 1824+./172,800 1824+ 240./3
B 1152 1152
(o B 53
24
_38-5/3
==

X , extraneous

95. (x-1)"*-25-0

100.
(x-1)"" =25
(x-1)° =25°
X—1=4+25°
x=1+125
X=126 or x=-124
9%. (x+2)*=27
X+2=27%°
X+2=81 101,
X=79

(x+4)1/2+5x(x+4)3%2 =0
(x+4)1/2[1+5x(x+4)J:0
(x+4)]/2(5x2+20x+1)=0

(x+4)v2 =0 or 5¢+20x+1=0

X =—4 o= ~20£+/400-20
10
X_—20¢2\/%
10
x:—Zi@

8x2(x2—4)m+(x2 —4)4/3 =0
(x2—4)1/3[8x2+x2—4]=0
(¢ -4)"(9x*-4)=0
(x=2)" (x+2)"*(3x-2)(3x+2) =0
X—2=0=>x=2
X+2=0=>x=-2
3x-2=0=>x=2%

x+2=0=>x=-%

x 3 1
P p—

8 8 2x
x+3=ﬁ

X

x> +3x-4=0

3x*+5x-2=0
(x+2)(3x-1)=0
X+2=0=>x=-2

3x-1=0=> x=1
3

3
X+ 2

5(x + 2) = x(x + 2) + 3(X)
5Xx + 10 = x® + 2x + 3x
5x +10 = x> + 5x + 5

10 = X2

1+

x o

+10 = X
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102, %48 _g3 1o 23
X X+5 x-1 x+1
6(x + 5) + 8(x) = 3(x)(x + 5) 2x _ .3 _
6X + 30 + 8x = 3x? + 15x (x-D(x+1) x+1
0=3¢C+ x - 30 2x-3(x-1) = (x-1(x+ 1)
0 = (3x +10)(x — 3) 2X-3x+3=x*-1
3% +10 = O 10 XX +x-4=0
X +10 =0 = x = ——
: x = —DE b - dac
X—-3=0= x=3 = 2a
—(1) £ /(1) - 41)(-4
103, 3,2_16 _ O =VO - 404
X X 2(1)
3X2+2X=16 __11\5
3 +2x-16=0 2

(3x+8)(x-2) =0 105. |x—5|:10

8
3X+8=0=> x=—§ X-5=-10 orx—-5=10

X-2=0= x=2 X=-5 x=15

106.  [2x+3=7
2x+3=7 or 2x+3=-7
2x=4 2x=-10
xX=2 X=-5

107. |x2 - 3| =2x

x> —3=2x or x> —3=-2x
x> —2x-3=0 x> +2x-3=0
(x=3)(x+1)=0 (x+3)(x+1)=0
x=3o0rx=-1 x=-3o0rx=1

The only solutions to the original equation are x=3or x=1, (x=-3 and x = —1 are extraneous. )

108, x*-6=x
X2 —6=X or X2 —6=—X
X —Xx-6=0 X°+Xx-6=0
(x=3)(x+2)=0 (x+3)(x-2)=0
Xx—3=0=x=3 X—2=0=x=2
X+2=0= x=-2, extraneous X+3=0= x=-3, extraneous
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109. Let x=number of investors.
240,000 _ 240,000
=
240, oooj (240, 000

(x(x+2))( =53 +20,000J(X(X+2))

+ 20,000

X
240,000( x + 2) = 240,000x + 20,000 ( X + 2)
240,000x + 480,000 = 240,000x + 20,000x* + 40,000x

20,000x? + 40,000x — 480,000 =0
X°+2x-24=0
(x+6)(x—4)=0

Xx+6=0 o x-4=0

X=-6 Xx=4

(x=-6 isnotintheorigina domain.)
There are 4 investors currently in the group.

110. Let x=number of students.

1700 _ 1700 +750
X X+6

1700 1700
(x(x+ 6))[Tj :(er 7.50j(x(x+ 6))
1700( x+6) = 1700x + 7.50X( X + 6)
1700x + 10,200 = 1700x + 7.5x° + 45x
7.5%% + 45x—10,200 =0
75%? + 450x — 102,000 =0
3x® +18x—-4080=0
x* +6x—1360=0
(x+40)(x-34)=0
x+40=0 or x-34=0
x=-40 x=34
(x=-40isnot in the origina domain.)
There are 34 students currently in the group.

111. Let x =average speed originally from Portland to Seattle.
us_ 15 12
X x+40 60

5x(x+ 40)(%) = ( x1+4540 +%)(5x(x+ 40))

725% + 29000 = 725X + X* + 40x

x* +40x—29,000=0
Using the Quadratic Formula:

~40%,)(40)" - 4(1)(~29,000)
X =

2(1)
_40+ ./

= —40£y117,600 2117’600 =151.5 mi/h
So, on the return trip from Sesttle to Portland, the average speed is x+40=191.5 mph.
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112. Let x = average speed on the first trip.
5 _ 56 + 1

X x+8€

56(x+8)=56x+%x(x+8)

448=%x(x+8)

X +8x—2688=0
(x—48)(x+56)=0

X =48
So, the average speed on thereturn trip is
48+ 8=56 mph.

115 @ | yey 2000 | 2001 | 2002 | 2003 | 2004
Envollment | 5 9 | 317 | 325 | 333 | 3.40
(in millions)

Year 2005 | 2006 | 2007 | 2008 | 2009
Enrollment | 5 /o | 355 | 362 | 369 | 376
(in millions)
Year 2010 | 2011 | 2012
Enroliment | 503 | 389 | 3.96
(in millions)
() ¢
0 415

(c) In 2005, the number of students reached 3.5 million.
(d) Findtwhen S = 3.5.

/051049t + 9.5287 = 3.5

2
(\/0.51049t + 95287) = (35)°
0.51049t + 9.5287 = 12.25
0.51049t = 2.7213
t = 533
In 2005, enrollment reached 3.5 million.

0

Chapter 2 Review

r nt
113. A= P(l+ —j
n
r 12(6)
1196.95=1000| 1+ —
12

72
1.19695=| 1+
12

1+ =(1.19695)""
12
r =003, 3%

L
114. A= P(l+ —]
n

N
2465.43 = 1500[l+ Z]
e
1.64362 = [1+ Zj

1+% —1.64362Y%
r =0.05 5%

217
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218 Chapter 2 Solving Equations and Inequalities

() Findtwhen S = 6.
~/0.51049t + 9.5287 = 6

(/0510491 + 95287)" = (6’

0.51049t + 9.5287 = 36
0.5104%9t = 26.4713
t = 51.85

In 2051, enrollment will reach 6 million.
Answerswill vary.
(f) Answerswill vary.

0

116. (@) | veqr 2003 | 2004 | 2005 | 2006 | 2007
Population | ¢ 7 | 503 | 802 | 801 | 803
(in millions)
Year 2008 | 2009 | 2010 | 2011 | 2012
Population | ¢ ¢ | 517 | 818 | 826 | 8.36
(in millions)
() ¢

oll. .=
8

15

(c) In 2010, the population of New Y ork reached 8.2 million.
(d) Findtwhen P = 8.2.

J0.13296t2 — 1.4650t + 68.243 = 8.2

2
(x/ 0.13296t° — 14650t + 68.243) = (8.2)°

0.13296t% — 1.4650t + 68.243 = 67.24
0.13296t2 — 1.4650t + 1.003 = O

~(~1.4650) + +/(~1.4650)° — 4(0.13296)(1.003)
2(0.13296)

0.73 (not in the domain model), 10.28

In 2010, the population of New Y ork reached 8.2 million.
(e) Findtwhen P = 85.

0

t

J0.13296t% — 1.4650t + 68.243 = 85

2
(\/ 0.132961% — 1.4650t + 68.243) = (85)”

0.13296t% — 1.4650t + 68.243 = 72.25
0.13296t% — 1.4650t — 4.007 = 0

—(-1.4650) + \/ (—1.4650)2 — 4(0.13296)(—4.007)
2(0.13296)
—2.27 (not in the domain model), 13.29

t

t

0

In 2013, the population will reach 8.5 million.
Answerswill vary.
(f) Answerswill vary.
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117. 8x—3<6x+15
2x<18
X<9

(- 9)

-1 0123456738910

118. 9x-8<7x+16
2x<24
x<12
(e, 12]

] t x
9 10 11 1 13

o

119. %(3— x) >§(2—3x)
3(3-x)>2(2-3x)
9-3x>4-6x
3x>-5

_3
X>—3

(=3

R T T
120. 4(5-2x)>1(8-x)
8(5-2x)=8-x
40-16x=>8-x

32>15x

2
X<

(= £]

)
[§}

<@

t t X
3 4

= =p

0 1

121. -2<-x+7<10
-9<-x<3
9>x>-3
-3<x<9

3 9)

[
L
3

)
' 7
-6 - 9

122. -6<3-2(x-5)<14

0 3 6

-6<13-2x<14
-19<-2x<1
Box>-1
—2<x<2

119

2 2
_1 19

2 2
L L T
}+

)
=101 23.45.6.7.28.09.10

Chapter 2 Review

123. |x|s4
-4<x<4

[-4.4]

L ' ' J
-4 -2 0 2
124, |x-2<1
-1l<x-2<1
1<x<3
(L3
; L Y s
—t }——
0 1 2 3 4
125. [x-3|>%
x-3<-3 or x-3>3
x<0 or X>3
(= 0)u(3 =)
; ; ; LY + + L ; x
-3 -2 -1 6 1 2 %‘ 4 5
126. |x-3= 4
X—-324 or x-3<4
X7 Xx<-1

(=0 =1Jo[7, )
2101234567809

127. 4)3-2x|<16
|3-2x <4
-4<3-2x<4
—7<-2x<1
T2x2-

N

NI!—‘
IN
x
IA

N~

|
NI
N~
| —

|
=

|
o
kel 10 |

L2 34
128. |x+9[+7>19
|x+9|>12

X+9>12 or Xx+9<-12
X>3 x<-21

(s, ~21).(3 )

-24 -18 -12 -6 0 6

219
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220 Chapter 2 Solving,Equations and I nequalities

129, X’ —2x>3
x*—2x-3>0
(x-3)(x+1)>0
Key numbers: x=-1, x=3
Testintervals: (—ee, —1), (-1 3), (3, )
Test: Is(x—3)(x+1)>0?
Solution set: (—eo,—1) (3, o)

)

)y x
-3-2-1 0 1 2 3 4 5

130. X*-6x-27<0
(x-9)(x+3)<0

Key numbers: x=-3, x=9
Testintervals: (—eo, —3), (-3, 9), (9, )
Test: Is(x—9)(x+3)<0?

Solution set: (-3, 9)

e . )
7

t —F t
-9 -6 -3 0 3 6 9 12

=

131. 4x* —23x<6
4x* —-23x—6<0
(x—6)(4x+1)<0

Key numbers: x=6, x:—%
Testintervals: (—, —1), (-2, 6), (6, )
Test: Is(x—6)(4x+1)<0?

Solution set: [ -4, 6]

x

_-l—

t 7
-1 0 1 2 3 4 5 6 7

132. 6x° +5x > 4
6x° +5x—42>0
(B3x+4)(2x-1) =20

4 1
Key numbers, x = —, x = =
& 3 2

Test intervals: (—oo, —ﬂj (—ﬂ
3 3

Test: Is(3x+4)(2x-1)20?

Solution set: (—oo, —ﬂ} U F, oo]
3 2
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133.

134.

135.

136.

x*—16x>0
X(x—4)(x+4)20
Key numbers: x=0,x=4, x=-4
Testintervals: (—e, —4), (-4, 0), (0, 4), (4, )
Test: Isx(x—4)(x+4)=0?
Solution set [ 4, 0], [ 4, o)
E + ] } F - X

L 4 L
-4 -2 0 2 4 6

12x* - 20x* <0
4x*(3x-5)<0

Key numbers: x=0, x=2
Testintervals: (—e,0), (O, %) (%oo)
Test: Is 4% (3x—5) < 0?

Solution set: (—ee, 0), (O, £)

o e

1+3>O
X

1+ 3x
X

>0

Key numbers: x = —:—13, x=0
Intervals: (—oo, —}j, (—}, Oj, (0, 0)
3 3

1+ 3x - 07

Test: Is

Solution set: [—oo, —%j U (0, =)

95 x
X
9—x20
X
2
9-x >0
X
(3—x)(3+x)20
X

Key numbers: X = -3, x = 0,x = 3
Test intervals: (—eo, —3), (=3, 0), (0, 3), (3, =)

Test:Is 4xwx<3+x>20?

Solution set: (—es, —=3] U (0, 3]

> X
-4 -3-2-1_0 1 2 3 4



Chapter 2 Review 221

137, 3x+8 4<0 141. (0.1)(3.69) = 0.369
x=3 ~ $0.37 per gallon
3Xx+8-4(x-3
— < ou may be overcharg .37 x 15 gdlons = $5.55.
(x é) )< Y b harged $0.37 x 15 gall $5.55
20-X_4 142. |h-50/<30
XX_230 ~30<h-50<30
“_3 20 20<h<80
Minimum 20, maximum 80
Key numbers: x=3, x=20
Test intervals: (=, 3), (3, 20), (20, =) 143.@
_ g °
Test: Is 2 2020'? 5, .°..
- z °
Solution set: (—ee, 3)U[ 20, =) f2tee’
77 ! L .
05 10520 65 70 75 80 85 90 95
Exam score
138 X8 50
' X+5 (b) Yes, therelationship is approximately linear. Higher
x+8—2(x+5) 0 en;;ance_e%[am scores, X, are associated with higher
<15 grade-point averages, y.
—X-2 <0 144. (a) y
X+5

Key numbers: x=-5, x=-2
Testintervals: (—eo, —5), (-5, —2), (-2, )

Time to failure
(in hours)

Test: Is — X_52 <0?
X+ 5 10 15 20 25 30 35
Solution set; ('°°, —5) u(—2, °°) Distance bent
(in centimeters)
ff R S (b) Yes. Answerswill vary.
-6 ! —4 —; 0 2
145 _
139. /16 — x? s *
16— x> 2 % y
(4-X)(4+X 20 E .
£ 1t ®
Key numbers: x = -4, 4 B s
Testintervals: (—co, —4), (=4, 4), (4, =) Tilme (; Secjnds)4
(4= x)(4+ x) 2 00n [-4,4] () s~10t-0.4
Domain: [-4, 4] Approximations will vary.

(c) s=9.7t+04; r=0.999
140. 4/x® _5x —14 (d) s(25)=9.7(25)+0.4~24.7 m/sec
x> -5x-14>0
(x+2)(x-7)20
Key numbers. X = —2,7
Testintervals: (—eo, —2), (=2, 7), (7, )
(Xx+2)(x=7) 2 00n (-0, =2] U [7, )

DOMai D= o0 pem 2)ut e Zee0)
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222 Chapter 2 Solving,Equations and | nequalities

146. (a) y = —0.0089x + 4.086
(b) 4:3

(c) Answerswill vary. Sample answer: Y es, the model
fits the data well.

(d) Answerswill vary. Sample answer: No, eventually
the model will yield results including negative times
that would be physically impossible.

147. Fase. A function can have only one y-intercept.
(Vertical Line Test)

148. False. (1+2i)+(1-2i) =2, areal number.

149. False. The slope can be positive, negative, or 0.

150. An identity is an equation that istrue for every real
number in the domain of the variable. A conditional
equation istrue for just some (or even none) of the real
numbersin the domain.

Chapter 2 Test

12 7214
X X

39

=

39=13x

3=x=>x=3

13

2 4 B 9x __3
3xX—2 3x+2

4(3x+2)—9x(3x - 2) =-3(3x - 2)(3x+2)
12x+8—27x% +18x = —3( 9x% — 4)

—27x% +30x+8=-27x*+12
30x=4
2
X=—
15

3. (-8-3i)+(-1-15/) =-9-18i
(10+\/%)—(4—\/ﬂ)=6+ 251 +/14i
=6+(2\/§+\/ﬁ)i

e

5. (2+i)(6-i)=12+6i —2i +1=13+4i

o

(4+3) = (5+i)" =(16+24i —9) —(25+10i ~1)
=-17+14i

151. They arethe same. A point(a, 0) is an x-intercept if itisa

solution point of the equation. In other words, aisazero
of the function.

152. ax+b=0.x=—£. Then:
a

(@ Ifab>0, thenx<O.

(b) If ab<O, thenx>0.

153. Theerror is \/~8,/~8 # /(- 8)(-8).
Infact, /~8,/~8=/8i/8i =-8,

154. The error is v—4 # 4i. In fact,
—i(V-4-1)=-i(2i-1) =2+i.
185.(8) i°=(i*) =1°=1
(o) i®=i(i*)=i(1)=i
© i®=i?(i*)=(-1)(1) =1
) .

@ i7=i(i*)=i(1) =i
7 8+5 _8+5 -i
S i —i
_ -8 - 52
-
-8 - 5(-1)
-(-1)
=5-8
g (2-1) 2-3 _6-2+4i+3i
(3i+2) 2-3i 4+9
4 7.
=—+—i
13 13

9. f(x)=3¢-6=0
X~ +1.414

2

B SN R
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10. f(x)=8x*-2=0
x=20.5

1

Y

-3

11, f(x)=x*-4x"+5x=0
x=0

6

N

12. f(x)=

-4

13. x2 —-15x +56 = 0

(x-7)(x-8 =0
X-7=0= X
X-8=0= x

14. X*+12x-2=0

_ —bx+b?*-4ac

2a

~12+ /122~ 4(-2)
2
—12+4/152
2
=-6++/38

15. 4x*-81=0
4x* =81
X* = 8l

4

X

X==%

N | ©

Chapter 2 Test

16. 5> + 7x+6 =0

« = —b £ ~/b? - 4ac
2a
_-(n= (7)° - 45)(6)
2(5)
_ —7++/49-120
B 10
7+ N
B 10
-7+ /7
- 10

17. 3 —4x*-12x+16=0
x*(3x—4)-4(3x-4)=0
(x2—4)(3x—4):0

X —4=0=>x"=4=142

3X-4=0=> x=ﬂ
3

18. x+/22-3x=6
J22-3x=6-x
22-3x=(6-x)’
22— 3x=36-12x+ X
x> —9x+14=0
(x-2)(x-7)=0
X—2=0=>x=2

X—7=0= x=7, extraneous

2/3

19. (X*+6) =16
X’ +6=16%* =64
x* =58
X =+/58 ~ +7.616

20. [8x-1=21
8x-1=21 or —(8x-1)=21
8x =22 —-8x=20
x=4 X=—3

21. 6x-1>3x-10
3x>-9
X>-3

(=3 =)

e

¢ —
-4-3-2-1 01 2 3 45

223
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224 Chapter 2 Solving,Equations and Inequalities

22. 2|x-8<10
|x—8<5
-5<x-8<5
3< x <13
Solution set: (3, 13)

24.

) X

A T S R
\ 7
345678 910111213

6x2+5x+1>0
(3x+1)(2x+1)20

23.

Key numbers: x=-%, x=—

963

Test: Is (3x+1)(2x+1)>0?

-4, (-4)

Test intervals: (—oo ——]

Solution set: (o,

25.

26.
Chapters P-2 Cumulative Test
14Xy 7% 5
1 =" x#0 :
32xy 16y° X7

2. 860 - 24135 — /15 =164/15 — 6/15 — /15

=9\/E 6.

3. 28Xy =2x%y\[Ty

4. 4x—[2x+5(2-x) |=4x—[-3x+10]
==10+ 7x=7x-10

8—5x£_2
2 + 3Xx
8-5 . 2<0
2 + 3X
8 - 5x + 2(2 + 3x)
<0
2+ 3x
x+12S
2 + 3Xx

Key numbers: x = -12, x = _é

Test intervals: (—eo, —12), [—12, —Ej (_E ooj
3 3
Test: 1s 2722 < g
2+ 3x
Solution set: ( oo _g]
2
3
[ 3.
L 7
-12-10 -8 -6 -4 -2 0 2
—16t2 + 224t > 350
—-16t%2 + 224t — 350 > 0
—(224) + \/(224)* — 4(-16)(-350
Key numbers: t = (2249 \/( ) (-16)( )
2(-16)

t =
Testintervals: (—ec,1.8), (1.8,12.2), (12.2, =)

18t =122

Test: Is —16t> + 224t — 350 > 07
~16t? + 224t — 350 > Oon (1.8,12.2)

The projectile exceeds 350 feet over theinterval (1.8
seconds, 12.2 seconds).

C = 2.485t + 30.36
85 = 2.485t + 30.36
54.64 = 2.485t
= 21.99
In 2021, the average monthly cost of table will be $85.
(x=2)(X* +x=3) =X’ +X* =3x—2x* ~2x+6

=x*-x*-5x+6

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

X+3 x+1 (x+3)(x+1)
_ x-1
(x+3)(x+1)
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Chapters P—-2"Cumulative Test 225

7.36 - (x- 47 =[6- (x-4[[6+(x-4)] 14. y=+4-x
=[6-x+46+x-4] :

(=x +10)(x + 2)

—(x —10)(x + 2)

y

8. Xx-5x*-6x3= —x(6x2 + 5x—1)
=—x(6x—-1)(x+1)
=X(x+1)(1-6x)

9. 54-16x"=2(27-8x’) 15. (@ Slope=_5_—(_l)=—1
=2(3-2x)(9+6x+4x*) y—8=-1(x+5)
y=—x+3
-7/2)+(52), 4+(-8
10. Midpointz(( 2)+( /2) ) X+y=3
1 (b) Three additional points: (-1, 4), (0, 3), (1,2)
=(—E: —2] (Answers not unique.)
5 (7)) 1
o (o me i
y-1=-2x-1
=+/36+144 _
y=-2X
=180 2x+y=0
=615 ~13.42 (b) Threeadditional points: (0, 0), (1, —2), (2, —4)
1 (Answers not unique.)
11. Center: | -=, 8 |=(h, k)
2 17. (a) Vertica line x=—2 orx+3=0
Redius: :=4 (b) Three additional points:
(x+£} +(y+8)2:16 (-%.0). (-%.2). (-3, 2)
2 (Answers not unique.)
12. x-3y+12=0 18. 6x—y=4 hasslope m=6.
—3y=-x-12 (a) Parallel linehasslope m=6.
y=214 y—-3=6(x-2)
3 y=6x-9

v

(b) Perpendicular line hasslope m= —%.

y-3=-%(x-2)
y=—=2x+2
19, f(x):i2
X_
5 5

@ fB=53"3

(b) f(2) isundefined.
5+4s  5+4s

© f(5+A's)=(5+4s)—2_3+4s
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226 Chapter 2 Solving,Equations and Inequalities

20.

21.

22.

23.

24.

25.

30.

31.

32.

33.

35.

3x-8,x<0
f(x):{xz+4, x>0

f(-8)=3(-8)-8=-32
f(0)=0"+4=4
f(4)=4+4=20

@
(b)
©

(=)

5+7t>0
nt=>-5
t>-3

_5 oo)
7

9->0
9>¢

-3 3]

9(-x) =3(-x)~(-x)°
=-3x+x’ =-g(X)
Odd function.
(- )9 = (¥ +x@Bx=-2) - (¥ +x) = =x* + 2x - 2

(go £)(%) = g(f(x) = sz +x) - 2} =3 +3x-2

26. No, for some x-values, correspond two values of y.

27 40
V 30

-15

-25

Decreasing on (—es, 5), increasing on (5, <)

28. (@) r(x) = %\/_ - %f(x)isavertical shrink of .

(b) h(x) = ~/x +2 = f(x) + 2avertical shift two
units upward of f.

© 9(x) = —~/x+2 = —f(x + 2)isahorizontal shift
two unitsto the left, followed by areflection in the
x-axis of f.

29. (f+0)(¥) = (+Xx)+(Bx-2) =x*+4x-2

(fg)(x) = (3 + X)(3x — 2) = 3% — 2% + 3x* — 2x = 3% + x* — 2X

f(x) = —5x + 4 has aninverse function.
y=-5%+4
X =-5y+4
X -4 = -5y
y = xX—4
-5
1 4
fx) = —=x+ =
(x) = —gx+ ¢
f(x) = (x - 2)® isnot one-to-one, so f }(x) does

not exist.

f(x) = ¥/x + 2 hasan inverse function.

y=3x+2

:\3/§+2
x-2- 3y

y=(x—2)3

() =x -2

36. 43 —12x> +8x =0
4x(x* -3 +2) =0
4x(x - 2)(x-12) =0

4x=0=>x=0
X-2=0=x=2
X-1=0=x=1

37. 5_ 10
X x-3
5(x — 3) = 10x
5x — 15 = 10x
-5x =15
X =-3
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38. [3x+4|-2=0

39.

40.

41.

|3x + 4| = 2
X+4=-2 o 3X+4=2
33X =-6 X =-2
X=-2 x:—g
3

x> +1+x-9=0
I +1=-x+9
(Ve +1) = (xe 9y
x?+1=x*-18x+ 81
18x = 80

X =—
X 6<X46
5 2

—+—-<12

2x2+x215
2x2 +x-15>0
(2x-5)(x+3)=20

Key numbers: x=-3, g
Testintervals: (—, —3), (—3, Ej (E oo

Test: Is (2x—5)(x+3)20?

Solution set: (—e, —3:|U|:g, ooj

]
43-2-1 01 2 3 4

s S

42.

45.

Chapters P—-2"Cumulative Test

|7+8x>5
7+8x>5 or 7+8x<-5
8x>-2 8x<-12
1 3
X>—= X<——
4 2
(- =33 =)
I : T
—¢ ] ‘
-4 -3-2-1 0 1 2 3 4
2(x—2)So
X+1

Key numbers: x=-1, 2
Testintervals: (—o, —1), (-1, 2), (2, <)

2(x-2)
Test: Is ——=<0?
x+1

Solution set: (-1, 2]

4
t

3 4

e
—
I 0 1

[
10 bk

+—
—4 -3 -

\% =£7tr3 =r= 3/iv
3 4
f 3
=3—(370.7
47[( )

=~ 4.456 inches

(8 Letxandy bethelengths of the sides.
2x+2y=546=y=273-Xx

A=xy=x(273-x)

(b) 25,000

0
Domain; 0< x< 273
(c) If A=15,000, then x=76.23 or 196.77.

Dimensionsin feet:
76.23x196.77 or 196.77x 76.23

227
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228 Chapter 2 Solving,Equations and Inequalities

46. (a)

6000 T
5000
4000 +
3000 +
2000 1
1000 +

Profit (in millions of dollars)

McDonald’s profits appear to be increasing at afairly constant rate.
(b) P = 403.05t + 722.69;r =~ 0.9811

(C) 7000

0 15
0

(d) 2015 P(15) = 403.05(15) + 722.69 = $6768.44 million
2018: P(18) = 403.05(18) + 722.69 = $7977.59 million

(e) Answerswill vary. Sample answer: Yes, if the net profits continue to follow the model, it can be used to predict
future years.
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